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Ministry o f E n e w ,  Mines ond Petroleum Resources 

FOREWORD 

regions of the Cordillera has changed considerably in the 
Exploration  for mineral resources in the mountainous 

last decade. As the frequency of near-surface discoveries 
diminishes mineral exploration is more frequently focused 
on regions of high potential but mantled by unconsolidated 

to a  different type of terrain, dominated by Quaternary de- 
sediments of varying complexity and thickness. This move 

posits, requires a  change  in  the exploration strategy. Suc- 
cessful mineral exploration in Quaternary dominated terrain 
requires an appreciation  and understanding of the surficial 
sediment cover, glacial history, glacial dispersal theory and 
soil formation which can assist  in the interpreration of the 
ovcrburden cover. 

This  volume  is  a  compilation of papers on various  as- 
pects of drift exploration using many  examples from British 
Columbia. The  number  ofglaciations, patterns of ice disper- 
sal as well as thickness and types of deposits found vary 
throughout  the province.  Coupled  with  a  variable topo- 
graphic relief the region is highly suited for a compilation 
ofdrift studies focussing  on mountainous terrain. Papers are 
grouped thematically beginning with Quaternary geology, 

Topics are diverse, and cover many principles of surficial 
followed by geochemistry and concluding with geophysics. 

geology such as recognition of paleo-flow direction, drift 
potential mapping, methods of drilling  as well as glacial dis- 
persal using indicator clasts. Geochemical contributions ad- 
dress   var ious   methods   o f   t i l l   geochemis t ry   and  

tory techniques and new  research interests such as partition- 
biogeochemical sampling,  lake  sediment research, labora- 

ing  studies.  Topics  covered in the  geophysical  papers 

sistivity  mapping.  Case  studies  which  elaborate  on the 
include shallow seismic methods, borehole analy!;is and re- 

above  concepts  are dispersed throughout the technical con- 
tributions. 

and  possess many years of experience in their particular 
The  contributors represent a  wide range of specialties 

fields of interest. Provincial and federal geologic.21 surveys 
as well as  academia  and the exploration industp are well 
represented. All of the  authors worked hard to complete 
their papers for  this  volume  and  the  editors acknowledge 
and appreciate their efforts. An  earlier  version of this text 
appeared as a companion to the Cordilleran Rourdup I994 
Short Course on Drift Exploration in Glaciated a d  Moun- 
tainous Terrain held at the Hotel Vancouver, in  Vancouver, 
British Columbia. The  emphasis of the course and this vol- 
ume has been on glaciated and mountainous terrain in keep- 
ing  with  our  focus on  Cordilleran  activities. :-lowever, 

trate certain concepts and principles relevant to the Cordil- 
examples from outside the Cordillera are common to illus- 

lera. We have deliberately tried to limit duplication ofother 
successful  volumes on drift  studies  which tend to stress 
‘shield’ or ‘continental ice’ environments. 

by the Ministry of Energy, Mines and Petroleum Ii.esources. 
The papers have undergone critical review m d  editing 

We trust this volume will be of interest and use to  a variety 
of mineral explorationists, particularly those bedrock and 
Quaternary geologists, geochemists and students .who share 
a common interest in drift exploration and mountainous ter- 
rain. 
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Minishy ofEnew,  Mines andPefroleum Resources 

RECOGNITION  AND  INTERPRETATION 
OF  FLOW  DIRECTION  INDICATORS FOR FORMER 

GLACIERS  AND MELTWATER STREAMS 

By J.M. Ryder 
J.M. Ryder  and Associates, Terrain Analysis Inc. "- 

INTRODUCTION 
Mineral exploration in glaciated terrain relies on the 

identificationofdispersaltrainsofmineralizeddebrisingla- 
cia1 drift (Shilts, 1976; DiLabio, 1990). Debris  was eroded 
frommineralized  source rockand transported by ice ormelt- 
water prior to deposition. Exploration involves discovery of 
dispersal trains by geochemical  soil  surveys and subsequent 
tracing  to the source hy following the glacial flow-path up- 
stream. Early drift prospecting concentrated on  the analysis 
of till, but  more  recently  other types of glacial drift, such as 
glaciofluvial (meltwater  stream)  sediments and Holocene 
deposits have been used. 

former  flow  directions of late Pleistocene glaciers and gla- 
Drift  prospecting relies heavily on knowledge of the 

cia1 meltwater  streams.  Flow  directions  are indicated by a 
variety of erosional and depositional features. Many  ofthese 
are  landforms  that  are large enough to  be visible on air pho- 
tos (Table 1-I), and  air  photo interpretation is by far the 
fastest and  most  economical way to determine flow direc- 
tions. Smaller  landforms  and  other features, such as sedi- 
mentary structures, can  only  be  seen on the ground (Table 
1-2). Commonly, ice and meltwater flow  directions  can be 
reliably determined from air photos by an experienced in- 
terpreter, and less experience  is required to identify some of 
the more clearly defined flow features. Additional informa- 
tion  about  the  origin and processes ofdeposition  ofdifferent 
types of  surfkial materials  can  also  be interpreted from air 
photos, although for this purpose, some ground checking is 
usually necessary. 

Even when clear  directional  features are identified, ap- 
plication of flow information to  drift prospecting is not al- 
ways  straightforward.  For  example,  flow  directions  may 
have changed with  time  during a glaciation, or observed 

cal  patterns of ice or meltwater  movement. 
flow direction indicators  may  not represent regional  or typi- 

The  objectives of this  paper are: to illustrate and pro- 
vide criteria for  the  recognition of landforms and other fea- 
tures  that  indicate the former  flow  directions of ice and 
meltwater with  emphasis on air photo interpretation; and to 
discuss  the  factors  that control flow  directions and changes 
of flow direction, in  both  space and time, with regard to 
application to  drift exploration. 

ofthese two topics, it  is recommended that persons attempt- 
Because  this  paper  can provide only a broad overview 

ing to develop  skills in air photo interpretation of glacial 

phology and  air photo interpretation. Recommended read- 
features should read additional material on glacial geomor- 

ing includes the classic text by Flint (1971) and books hy 
Easterbrook(1993),Sharp(1988),SugdenandJohn(1976), 
and Prest (1983). Guides  to  air  photo interpretation of gla- 
cial  landscapes  are  provided  in  air  photo inlerpretation 
guides by Keser (1976) and Smith (1987). 

To simplify the  following descriptions, flow direction 
indicators are grouped hy agent of formation (glaciers and 
ice sheets, meltwater), size, and composition (bcdrock, gla- 
cial drift). Two size classes (large  and small) are used to 

that can  only  he identified on  the ground. It is u:;eful to dis- 
separate features that  are visible on  air photos from those 

tinguish erosional forms in bedrock from feature3 composed 
of drift because the former  can  be expected in rocky areas, 

Mountains ofBritish  Columbia,  whereas the lanerare char- 
such as large parts of the  Canadian Shield and the Coast 

acteristic of drift-covered landscapes such as the Interior 

DIRECTIONAL  LANDFORMS IN  BEDROCK  AND  DRIFT 
TABLE 1- 1 

CREATED BY GLACIERS AND MELTV - 

z MELTWATER 

SMALL LANDFORMS AND SEDIMENTARY 
TABLE 1-2 

STRUCTURES 
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TYPICAL DIMENSIONS OF LANDFORMS 
TABLE 1-3 

Plateau of British Columbia and the Yukon. Tables 1-1 and 
1-2 show  the classification of flow direction indicators that 
is used in  this paper. Table 1-3 indicates the typical dimen- 
sions of the various landforms. Line drawings  are used to 
illustrate the diagnostic  characteristics of the various land- 
forms and other  features.  Photographs  were selected to il- 
lustrate  typical  glaciated  landscapes,  not  "textbook" 
examples  (these  can  he  found in the hooks referenced). 

ICE-FLOW DIRECTION INDICATORS 

ICE-FLOWDIRECTIONLANDFORMS 
VISIBLE ON  AIR PHOTOS 

BEDROCK  LANDFORMS  OF  MOUNTAIN 
GLACIATION 

In  mountainous regions where summits and ridge crests 
were sufficiently high that they were not buried by ice dur- 

observing  the  distribution  and  orientation  of  the  large 
ing glaciation, ice-flow dircctions  can be reconstructed by 

heads of former glaciers, and ice flowed from the cirques 
erosional landforms: cirques and troughs. Cirques mark the 

ably, moving in the present downstream direction. Tributary 
into and along the troughs, generally, although  not invari- 

glaciers converged to form larger trunk glaciers, the whole 
system resembling the modem  drainage network. Cirques 

recognized easily on topographic maps and air photos. Cri- 
and troughs are distinctive landforms that can normally he 

tcria for  their recognition are shown  in Photo 1-1 and their 
typical dimensions  are indicated in  Table  1-3. Further infor- 
mation can be found  in Easterbrook (1993), Sugden and 

Photo 1-1. Landscape  with  cirques  and  troughs,  showing  diagnos- 
tic  features for air photo identification of these  landforms. (a) 
Cirques in the  Wisukitsak  Range  of  the  Rocky  Mountains:  note 
U-shaped cross profile  with  gently  sloping  floor, much steeper side 
slopes, and steep  headwall;  '"empty"  cirques  commonly  contain 

this valley has slopes that are  relatively  gentle  for a trough, but the 
small  lakes. (b) Glacial  trough in headwater  valley  of  Stein  River: 

numerous  cirques  in  the  distance) 
U-shaped cross profile  is  clearly  apparent  (note alpine peaks  with 

John (1976) and other sources noted in the Introduction to 
this paper. 

It  is necessary to qualify the  preceding  paragraph, how- 
ever, noting  that  this  simple  model of ice-flow direction 
should be applied with  caution. It may he invalid for  certain 
valleys because glaciers, unlike  river systems, may  split  and 
diverge around major topographic  obstacles  and  can  flow 
against the gradient of the  present  land  surface.  The  former 
characteristic, known  as glacial diffluence (or divergence), 
develops when thickening ice in  one  valley  overtops  a rela- 
tively low divide  and  some ice spills into an adjacent valley. 
Glacial erosion  along the new channel may ultimately turn 

connects  two  drainage systems. In  some cases, ice-flow di- 
it into a  well  defined  glacial  trough  or U-shaped pass  that 

rection through  the  connecting  valley  can  easily  he deter- 
mined  from  regional  ice-flow  patterns.  In  other  cases, 
additional evidence of flow direction in the  connecting val- 
ley must be sought on air photos or on the ground (see fol- 
lowing sections). Examples of "up-valley'' flow  and glacial 
diffluence are illustrated in  Figure 1-1. 
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Figure 1-1. Ice-flow directions in southwestern  British  Columbia 
duringtheclimaxofFraserGlaciation(after1.S.Evans).Examples 
of up-valley  ice  flow  and  glacial  diffluence  are  indicated. 

their individuality and the two ice streams do not mix (Fig- 
When tributary glaciers join a trunk glacier, they retain 

ure 1-2). Thus, in general, there is little intermixing of gla- 
cial debris derived from various tributary valleys. Debris 
from a left bank tributary, for example, is deposited along 
the left side of the trunk valley downstream, at least as far 
as  the  place  where  the tributary ice is forced toward the cen- 
tre  of the  valley  by  subsequent  tributaries (e.g. Hicock, 

topographic irregularities, surges from tributary glaciers, or 
1986). Less commonly, this  pattern may be modified by 

shifts in the relative  size  and position of glaciers during de- 
glaciation. Medial moraines, which are a striking feature of 
large trunk glaciers (Figure L2), usually do not survive de- 
glaciation intact, and are  not commonly preserved in the 
postglacial landscape. 

In mountainous regions where  summits and ridge crests 
were overridden during glaciation, ice-flow directions dur- 
ing the glacial maximum may have been unrelated to present 
valley alignments. 

LARGE  STREAMLINED  LANDFORMS  IN 
BEDROCK 

Streamlined (linear) erosional forms consisting of rock 
ridges and intervening depressions aligned parallel to the 

Minisfry ufEnerQ, Mines andPelruleum Resuurces 

__ 1 

Figure 1-2. Mountain  glacier  system.  Note  that tribuiary glaciers 
maintain their identity within the trunk glacier: distinct streams of 
ice are separated by medial  moraines (from photoraph by Austin 
Post). 

Photo 1-2. Roches moutonnees  developed on coarse. crystalline 
rocksonthewestsideoftheColumbiaRivervalleyneilrCastlegar, 
British  Columbia.  Ice  flowed  southward (right to left)  Note  large, 
classic  roches moutonnee (arrow)  and  numerous  smaller  ridges 
with roches moutonnee type asymmehy:  steep  slope!: (with little 
vegetation)  face  down-flow.  The  influence of geological  stnlcture 
is clearly apparent. 

resistant to glacial erosion, such as coarsely crystalline ig- 
ice-flow direction are best developed in hard rocks that were 

neous and metamorphic lithologies and the harder sedimen- 
tary rocks. Details of the morphology of these landforms are 
strongly influenced by the alignments ofplanes o'weakness 
such as  joints, bedding and foliation. Relatively soft  rocks 
were eroded by ice, giving rise to featureless lowlands. 

tinctive morphology have been  given specific mimes, such 
Streamlined bedrock ridges and hummock:; with dis- 

as  "roches  moutonnies"  and  rock  drumlins (Figure 1-3; 
Photo l-2), but glaciated ridges  are commonly referred to 
more loosely as "whalebacks" (Photo 1-3), streamlined to- 
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ROCHES MOUTONNEE 

1 CRAG AND TAIL 

I ROCK DRUMLIN 

I 
! 

INTERMEDIATE (ROCK + DRIFT) DRUMLIN 

L"~ ~~ . ... ~- DRUMLIN ! 

Figure 1-3. Schematic  cross-sections of streamlined  landforms 
with asymmetric  longitudinal profiles. Ice flow direction and 
related  terminology for all landforms are shown at the top of the 
diagram (not  to  scale). 

pography, or simply "glacial  lineations"  (the  latter term is 
also  applied  to  linear  features in till). If glacially eroded lin- 
ear  depressions  are  the  dominant form, they are  termed  "gla- 
cial  grooves" photo 1-4). Commonly, glacial grooves  are 
best developed where ice flowed over obstacles, such as 
escarpments.  Features  such  as  roches  moutonnies and gla- 
cial  grooves  may he too  small to be visible  on  air  photos (see 
Table  1-3). 

drumlins  have  dissimilar  asymmetry of longitudinal  profiles 
Figure 1-3 indicates  that  roches  moutonnies  and rock 

with regard to ice-flow direction.  The  two forms can be  dis- 
tinguished by  the  sharp  irregularities  on the distal slope of 
the former feature.  In  areas  of  glaciated  resistant rock, ro- 
ches  mouton&  are  typically  much  more  common than rock 
drumlins, and they have a  wider  range of sizes (Table  1-3). 
Many rock knobs and irregular  bedrock  hummocks display 
a  similar  type asymmetry, with  gentle  stoss slopes and  steep 
lee sides, although  a  ridge-like  morphology  (parallel to ice- 
flow direction) may be  absent (Photo 1-2). 

the multiple  ridges  impart a  distinctive  grain (like  wood 
Streamlined  landforms typically  occur in groups,  and 

grain) to the  appearance  of  the  landscape  on air photos. This 
grain  usually  has  topographic  expression,  hut  it  is  com- 
monly  emphasized by vegetation  patterns  that  result from 
variations in soil  moisture or soil  thickness  between  the 
crests of ridges  and  intervening troughs. 

ice flow (e.g. northwest-southeast)  but  only  those landforms 
All these  linear  forms  indicate  the  trend  of the  former 

with  asymmetric  longitudinal  profiles  (Figure 1-3) indicate 
the  actual  sense  of ice movement (e.g. toward  the  southeast) 
of the ice. Very close  inspection  of  air  photos  may  be  nec- 
essary to  determine  the  typical  longitudinal  asymmetry of 
the rock ridges,  and  hence  ice-flow  direction, because a va- 
riety of irregular  ridges is usually present. If the  landforms 
are so poorly defined that  direction  of  ice  flow  cannot  he 
determined,  it may be  possible  to  use  known  regional ice- 

In  any  case,  it is always  advisable  to  check the results of air 
flow patterns  to  infer  the  sense of  movement in a  study  area. 

photo interpretation  against  any  existing  regional informa- 
tion. 

Streamlined  bedrock  landforms  are  best  developed 
where ice-flow direction  was  parallel (or almost  parallel)  to 
bedrock  structures  because  glacial  erosion  was  most  effec- 
tive  along  structural  planes  of  weakness (bedding, joints, 

by  nonglacial  agencies  are  also  most  effective  along the 
foliation; e.g. Photo 1-3). However,  weathering  and  erosion 

pronounced  grain  that  indicates  only  geological  strike  and 
same  structural  weaknesses,  and  some  landscapes  have  a 

NOT  former  ice-flow directions.  Thus,  structurally  control- 
led linear topography  can  be  mistaken  for  glacial  lineations 
(Photo 1-5). 

distinguish  between  linear  topography  of  glacial and struc- 
The  following  suggestions  and  criteria  are offered to 

tural  origins: 
Compare  the  trend  of  the  bedrock  lineations  with  that  of 

nearby, or with  regional  ice-flow  direction if it  is  known. 
any more  reliable  ice-flow  directional  indicators  that are 

Crag  and  tail, or isolated  examples of  streamlined drift 
landforms  may  be found in  predominantly  bedrock land- 
scapes. Eskers  can  be used as  a  general  indicator  of ice- 
flow  direction. 
Is  the  alignment  of  the  lineations in accord  with the likely 
effects  of  topographic  irregularities  large  enough  to have 
locally affected ice-flow direction?  For  example,  glacial 

prominent  topographic  features. 
flow-lines  are likely to  diverge  and  converge  around 

Compare the trend of the lineations  with  that  of  any  visible 
non-topographic  features  that  are  clearly  of  structural  ori- 
gin (e.g. streaky  grey-tone  patterns  that  represent  folia- 
tion), or with  structures  shown on  a  bedrock  geology  map. 
Ifthe supposed glacial  lineations  and  the  strike  of bedrock 
structures  are  parallel, he suspicious:  the  lineations may 
be structural  features  (but see also below). 
Bedrock  strike  commonly  changes  alignment in a  manner 
dissimilar  to  that  of  glacier  flow lines. For example, in an 
area of low  relief such as  the  Canadian  Shield, rock ridges 
describing  the  arcuate  patterns  of fold structures  typically 
have a  smaller  radius  of  curvature or change  alignment 

4 Geological Survey Branch 



Photo 1-3. Whalebacks  developed  on  the  Mount  Lynon  batholith  in  the  Cascade  Mountains,  British  Columbia. Strong influerkce of 
north-trending  master  joints is apparent.  Note  variation  in  the  shape  of  the  landforms.  White  patches  in  the  eastern  part of {he view  are 
snowbanks.  Nivation  appears  to  have  caused  steepening of north-facing  slopes,  producing  features  which  resemble  roches  noutonnCes 
but  with  asymmetry  reversed  with  regard  to  ice-flow  direction  (arrow)  (Government ofBritish Columbia  air  photos  BC521:!: 135.136). 

Photo 1-4. Weakly  developed  but  clearly  visible  glacial  grooves on the  Kawdy  Plateau  in  northern  British  Columbia;  crag-and-tail  ridges, 
rock  drumlinoids  and  lateral  meltwater  channels  (a  few  of  which  are  mapped)  are  also  apparent  (Government of Canada  photos A19604: 
72-73). 
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Photo 1-5. Stereo  pair  from  Iskut  River  valley,  northwestern  British  Columbia:  True  ice-flow  direction  is  indicated  by  drumlinoid  ridges 

See also  meltwater  channels  (C)  and  series  of  small  eskers (E). Pale grey tones in northwestern half of the area  indicate the extent  of  the 
at "A" and  rocky  ridges at "B". Ridges  oblique  to this trend  are  structurally  controlled  note  relatively  abrupt  changes in strike  directions. 

recent  forest fire (Government  of British Columbia air photos BC5612: 004-005). 

more abruptly across  faults than glacial flow lines. In low- 
relief  terrain,  glacier  flow  lines are most  commonly 

tions: where an ice-sheet margin was lobate, interactions 
straight. (There are some exceptions  to  these generaliza- 

ofadjacentlobesresultedincurvingorconvergingglacier 
flow-paths.) 
Closely examine details of the bedrock ridges. If glacial 

topography, then it is likely that the rock surfaces will be 
abrasion has  been sufficiently effective to create linear 

smooth, rounded, and with either roches moutonntes  or 
drumlin asymmetry. Some rock drumlin ridges are ex- 

weathering of structural features are irregular and have 
tremely long  and narrow. In contrast, ridges formed by 

sharply jutting protuberances. 

Use ground  searches  for  striations  and  other  features 
(small roches moutonnkes and glacial grooves)  to confirm 
the results of  air photo interpretation. 

Base conclusions on two or more independent lines of 
evidence. 

LINEATIONS  AND  STREAMLINED  LANDFORMS 
CONSISTING  WHOLLY  OR  PARTLY  OF  DRIFT 

The elongate, asymmetric  hills  known as drumlins are 
probably one of the best indicators of ice-flow direction. 
Drumlins are readily identified hy  their distinctive morphol- 
ogy (Figure 1-3, Photos 1-6 and 1-7) and  their typical oc- 
currence  in groups, sometimes referred to as a "swarm of 
drumlins". "Basket-of-eggs topography" is  another evoca- 
tive term. Drumlin  size (Table 1-3) is such  that  these land- 
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Photo 1-6. Stereo pair of Thompson Plateau ncar Merritt:  streamlined  landforms include weakly developed drumlins, and dmmlinoid 
ridges (A); at "B", a meltwater  channel  was  superimposed on a drumlin from  downwasting  ice,  resulting in dissection of the  drumlins 
(Government of British Columbia air photos BC 5 188: 195-196). 

age is commonly impeded by drumlins (sometimes called 
forms are readily visible on most  air photos. Surface drain- 

"derangcd  drainage") so that irregularly winding streams 
and swamps  occupy intra-drumlin areas. Thus  the visibility 
of drumlins  on  air photos is commonly enhanced by con- 
trasting  vegetation  patterns  that  reflect  variations  in  soil 
moisture. 

Drumlins  commonly  consist of basal till, or till sur- 
rounding  a  rock  core, or thin till covering an essentially 
rocky landform. There is a continuum of landforms of simi- 
lar shape  but  varying  composition  extending  from  till  drum- 
lins to rock drumlins. Drumlins may also consist wholly or 
partly of glaciofluvial (outwash) sediments or other drift, 
the drumlin shape being a product ofglacial erosion. Current 
knowledge of drumlin formation suggests that some are  the 

result of till accumulation at the base of actively llowing ice 
while others are attributed to  erosion  (or remolding) by ice, 
or  erosion by catastrophic floods of meltwater (in the latter 
case, meltwater-flow direction is indicated; c$ Shaw et ai., 
1989). 

A typical drumlin has a distinctive sh.eaml  ned shape 
that indicates both the trend and the sense of direction of ice 
movement (Figure 1 -3), but all drumlins are  not equally well 
developed (Photo 1-7). To identify ice-flow direc1.ionsby air 
photo interpretation, it  is usually necessary to examine care- 
fully several drumlins  within  the  swarm  in  order to deter- 
mine a consistent  arrangement  of  stoss  and  lee  ends. 
Drumlins  may  also  be  composite  features, for example, 
some have flutings (see below) superimposed on their distal 
slope, and twinned  forms  are common. In areas where  ice 
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Photo 1-7. Liard  Plain,  northeastern British Columbia:  complex  esker (E), drumlins (A), hummocky ice-disintegration  moraine (B), 
and ridges transverse to ice-flow direction (C) that  may  be crevasse fills (Government of Canada air photos A13022: 87-88). 

stagnated at the end of the  last glaciation, drumlins partly 
buried by ablation till, and hence  with indistinct morphol- 
ogy, are common. 

There is a continuum of forms between well defined 
drumlins  and featureless till plains. Terminology such as 
drumlins, drumlinoid ridges, flutings and fluted till-plain is 
commonly applied to  this  sequence in order of decreasing 
range ofreliefand longitudinal asymmetry (Photos 1-7,l-8 
and 1-9). Sense of direction may be difficult to interpret for 

determined from flutings and fluted till-plain. Flutings (or 
drumlinoid forms, and usually only ice-flow trend can  be 

wave-like morphology of a fluted till-plain may be hard to 
flutes) are open-ended, parallel ridges oflow relief. The  low 

see on the ground and  even on air photos unless emphasized 

alternating  strips of better  and less well drained soils and 
by low-sun shadows or snow drifts, although on air photos, 

related vegetation  can usually be seen. 

"Crag-and-tail" is  another landform  which  provides 
clear evidence of both trend and  sense of ice-flow. The  crag 

of drift, usually till, that was preserved or accumulated on 
is a steep-sided bedrock hill, and the tail is a tapering ridge 

the protected lee side of the  crag  during  glaciation (Figure 
1-3, and Photo 1-10), The tail points in the direction of ice 
flow. Crag-and-tail  landforms  occur  both  in  groups  and 
alone. 

DEPOSITIONAL  LANDFORMS  TRANSVERSE  TO 
ICE-FLOW  DIRECTION 

terminus tends  to be roughly perpendicular  to flow lines in 
The edge of an ice sheet or the edge of a glacier at its 

the ice. Morainal  ridges  that  were  deposited  along the edge 
ofthe ice can be to used as  indicators  ofapproximate glacier 
flow  direction.  Some  subglacial  drift  ridges  also  form 
roughly at right angles  to  the ice flow. Transverse landforms 

only  evidence of ice-flow directions  where there are no par- 
such as end moraines and  subglacial  ridges may provide  the 

allel features  such as drumlins. 
End  moraines include  terminal moraines, which mark 

the furthest extent of a glacial advance, and recessional mo- 
raines, which  mark the position of temporary standstills or 
local readvances of the ice margin during  general ice reces- 
sion.  The morphology and size of these  landforms varies 
greatly with  the  size and type of the associated glacier. Mo- 
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Photo  1-8.  Stereo  pair,  Stikine  Plateau, northern British  Columbia:  drumlinoids  indicate the trend of  ice flow, but  sense of flow is harder 
to interpret  unless  crag-and-tail ridges are  identified  (careful  analysis  will  reveal the latter). Note also the numerous smrll meltwater 
channels~ansversetoiceflowthatweresuperimposedonthedrumlinoidsduringdeglaciation(GovemmentofCanadaairphc,tosAl9568: 
11-12). 

Photo  1-9.  Stereo  pair of a  fluted  till-plain,  parallel  ridges  of  very low relief,  (Alberta)  partly  masked  by  superimposed  hummocky 
ablation  moraine  (irregular  small  blobs and "donuts")  Government of Canada  air  photos  A 13 11 15:  75-76). 
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Photo 1-10, Stereo  pair of crag-and-tail  (examples at " A )  indicating  ice flow toward  slightly  east of north. Note also drumlinoid  ridges, 
small  eskers  and  meltwater  channels at "B", hummocky  ice-disintegration  moraine at " C  and  present  day  stream  in  meltwater  channel 
at "D" (Stikine  Plateau,  northern  British  Columbia;  Government of Canada air photos A19569 75-76). 

raines of the  Laurentide ice sheet  are b e l t s  of gently undu- 
lating  to hilly topography  many  kilometres wide, whereas 

only a few  metres wide. Many moraines, regardless of size, 
moraines of a valley glacier may be sharply defined  ridges 

are  arcuate in plan and convex with respect to the former 
ice-flow direction. Also, multiple  morainal ridges are  com- 
monly nested in concentric arcs. 

Caution  is  necessary when using end  moraines  for re- 
construction of ice-flow directions.  Due  to  irregularities of 
topography, melting of the  ice margin by meltwater  streams, 
and  the  effects of ice-marginal lakes, the  ice  edge was only 
perpendicular to ice-flow direction in a very general  sense. 
Of more  significance  for  drift prospecting is the fact  that in 
many  places, ice-flow directions  near a receding  ice margin 
differed considerably  from  the  flow-direction of ice  during 

rections  determined  from end moraines  should thus be used 
earlier  stages of the  same  glaciation  (Figure 1-4 ). Flow di- 

circumspectly. 

ated,  hut  there is no  general  consensus  as  to terminology or 
Small  moraines of various  types  have been differenti- 

specific  mode of origin of some of these features. For recon- 

only  two  classes of small moraines: (i)  those  that  formed  at 
struction of ice-flow directions,  it  is  useful to distinguish 

or close  to the  ice margin, and  (ii)  those  that  formed  sub- 
glacially. The  appearance,  on  air photos, of most  small  mo- 
raines of the  first type is  aptly  summarized  by  the  descriptive 
terms  "corrugated  moraine"  and  "washboard  moraine" 

visible  on  a  single air photo, and  commonly  concentric  arcs 
(Photos 1-11 and 1-12). Typically, numerous  low  ridges are 

of small  moraines  mark  the  recessional  stages of former ice 
lobes. Some of these  small  moraines  formed subaqueously, 
in  which  case the curvature of the  arcs may be  concave  with 
respect to former ice-flow direction, in accord with the typi- 
cal  configuration of calving  bays  in  floating  glacier termini. 
Reconstruction of ice-flow directions  from the first  type of 
moraine is subject  to  the  same  drawbacks  as  noted  above  for 
the larger  end moraines. 

Small moraines of the  second  type  are  known  as "Ro- 
gen" or "ribbed moraines (two  names  for  the  same feature). 

possibly at  points  where  shear  planes  extended  upward  from 
These  small  transverse  ridges  formed beneath moving  ice, 
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Figure 1-4. Relation  between positionofthe icemarginand glacier 
flow  directions,  Note  how  parallel  flow  lines are later  replaced by 
radial  flow  patterns  near  to the receding  ice  margin  (from  Dyke 
and Prest, 1986). 

the subglacial bed (Photo 1-13). These moraines are trans- 
verse  features formed at right angles to ice-.flow direction. 
Because they formed farther up-ice than moraines described 
above, their configuration was  not influenced by the local 
morphology of the ice margin. Consequently they are prob- 
ably more representative of typical ice-flow directions. Ro- 
gen  moraines  are asymmetric in cross-section, with  steeper 

with drumlins, either  grading laterally into drumlin swarms 
sides  facing  down-flow.  They  are  commonly  associated 

or superimposed on drumlins, in which places, the drumlins 
should  be used to reconstruct ice-flow direction. Excellent 
air photo illustrations ofribbed (Rogen) moraines and other 
ice-flow direction features  are presented by Aylesworth and 
Shilts (1989). 

OTHER LINEAR LANDFORMS 
Several linear or ridged landforms that occur in  till are 

not indicators of ice-flow direction, including crevasse fill- 
ings and iceberg scour marks. 

SMALL ICE-FLOWDIRECTIONLAArDFORMS 
AND  OTHER FEATURES 

SMALL LANDFORMS AND  SURFACE MARKS 

direction are sufficiently small that they can be  identified on 
Some  features  that  are reliable indicators of ice-flow 

the ground. Other features, such as the rock slope asymme- 
try that is best exemplified in roches moutonnkes, and gla- 

cial grooves, occur  at a range of sizes in which s.naller fea- 
tures  can  only be identified on the ground (Photo 1-14, Ta- 
bles 1-2 and 1-3). 

Striations (striae) are scratches made by rocks emhed- 
ded  in moving ice when they were dragged across a rocky 
glacial bed (Photo 1-15). A field  observer must carefully 
differentiate glacial scratches, which  are tiny gJooves and 
not cracks, and usually do not penetrate more .:ban a few 
millimetres into the rock, from the surface expss ion  of 
planes of weakness  (cracks) which are related to rock struc- 
ture. Striations are found on  surfaces which coltain other 
evidence ofice abrasion, such as  smoothing and j:lacier pol- 
ish. They  may  be sufficiently small and shallow tbat they 
are invisible except under very oblique lighting or unless 
enhanced by brass-rubbing techniques (pencil :;hading on 
overlying paper). 

in the glacier sole were  scraped  across relatively soft rocks, 
Striations are best formed where relatively hard rocks 

such as limestone. Late Pleistocene striations  are best pre- 

have undergone little weathering during the past 10 000 to 
served, however, onrelatively bard, fine-textured rocks that 

12 000 years, such  as basalt and quartzite. Striations are less 
common on coarse-textured intrusive rocks and unusual on 
metamorphic and clastic sedimentary rocks, althwgh small 
patches of striated rock may  exist  on small part!: of an out- 
crop, such as  on  veins of aplite surrounded by weathered 
granodiorite. Whether or not striations are to be found de- 
pends upon a variety of local circumstances. Sbiations are 
common where glacially smoothed slabs have recently been 

construction. 
exhumed from beneath a soil cover, for examrde by road 

flow,butthedirectionisusuallydifficulttodetennine.Com- 
Striations clearly indicate the trend of the former ice 

manly other features that show sense of direction, such as 
smoothed stoss and steepened lee slopes, are present in the 
vicinity. 

Both trend and  sense of flow direction can  be readily 
determined where differential abrasion of inhomogeneous 
rocks has resulted in the protrusion of knobs o:'hard rock 
from which tails of softer rock ("rat-tails") extend down- 
flow. 

A variety of small crescentic fractures in bedrock have 
been interpreted as friction cracks and attributed to the ef- 
fects of large boulders dragged across the rock by moving 
ice. Multiple features commonly occur together in longitu- 
dinal trains that are roughly parallel to the ice-flow trend. 
The depressions that result from these cracks ha7.e been dif- 
ferentiated on the basis of their curvature (concave, convex) 
with respect to ice-flow direction, and described by terms 
such  as chatter marks, crescentic gouges and sickle troughs. 
As fractures  can  be  either  concave or convex  with respect 
to ice flow, they do not provide unequivocal widence of 
sense of direction. 

OTHER METHODS FOR  DETERMINING 
ICE-FLOW DIRECTION 

arrangement (dip and orientation) ofelongate  clasts in basal 
Information about ice-flow direction is pres1:rved in the 

till, referred to  as "till fabric". Most commonly, a majority 

~ 
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British Columbia 

Photo 1-11. Stereo  pair  of  small  moraines (of the  type  known  as  de  Geer  moraines)  near  Rivikre  Koktak,  Quebec;  ridge  crests are about 
300 metres apart. Ridges  were  deposited  along  the  slightly  lobate  margin of the  ice  sheet,  thus  arcuate  moraines  are  concave  with  respect 
to  ice-flow  direction  from  east  to  west  (Government of Canada  air  photos A14882 90-91). 

Photo  1-12.  Stereo  pair of small,  transverse  moraines  in  the  Hat  Creek  valley,  south-central  British  Columbia. Note faintly  defined 
flutings on  smooth,  till-covered  surfaces  (Government  of  British  Columbia  air  photos BC5213 14-15). 
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Photo 1-13. Stereo  pair  showing  asymmetric  small  moraines  (Rogen  moraine)  superimposed  on  low  drumlinoid  ridgcs  deposited by 
southeashvard-flowing  ice.  Note  prominent  and  unusually  straight  esker  (west of Kankin  Inlet, N.W.T.; see also  Ayleswonh  and  Shills, 
1989) (Government of Canada air photos A14887: 2-3). 
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British Columbia 

Photo 1-14. Small  roches moutonnfes  in front of alpine  glacier,  Coast  Mountains,  British  Columbia.  Glacier flow from left to right. 

Photo 1-15. Glacial  striations. 
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of clasts  are aligned so that their long (a) axis is parallel to 
former ice flow and dips in the up-glacier direction. Thus 
analysis of data describing orientation and dip of a large 
number (50, 100) of elongate  clasts may provide informa- 
tion about  flow direction. Careful interpretation oftill fabric 
data  is necessary, however, because clast alignment is re- 
lated to the mode of deformation and melting of glacier ice 
during  till  deposition.  Less  commonly than the  case de- 
scribed above, most clasts may dip down-flow, or they may 
he aligned perpindicular to flow direction, or, in the case of 
melting of stagnant (stationary) ice, there may  be  no pre- 
ferred alignment. A useful discussion of this topic is pro- 
vided by Bolton (1971). The technique oftill fabric analysis 

widely used for drift exploration (e.g. Kerr and I3ohrowsky, 
is described  by  Andrews (1971). Till fabrics  have  been 

1991). 

ing ice has resulted in "glaciotectonic structures" that can he 
In some circumstances, deformation of drifi by overrid- 

used to reconstruct ice-flow directions. Such structures in- 
clude faults, joints, clastic dikes, and ductile deformations. 
Glaciotectonic structures are not widespread, and descrip- 
tion and analysis requires extensive exposure, such as  a bor- 
row pit (cJ Broster and Clague, 1987). To date, the use of 
these  features  for  drift exploration has been minor. 

MELTWATER-FLOW  DIRECTION 
INDICATORS AND THE ORIGIN OF 
GLACIOFLUVIAL DEPOSITS 

Meltwater-flow directions can be interpreted from a va- 
riety of glaciofluvial landforms and sedimentological fea- 
tures,  and  some  erosional  landforms  indicate  possible 
sources of materials contained in landforms downstream. 

LANDFORMS  THATINDICATE FORMER 
MELTWATER-FLOWDIRECTIONS 
MELTWATER  CHANNELS 

from gullies to small valleys  and canyons that were eroded 
The term "meltwater  channel" refers to features ranging 

by glacial meltwaters. Meltwater channels  can be broadly 

nels, subglacial channels, and proglacial channcls.  The fol- 
subdivided into three typcs: ice-marginal (or lateral) chan- 

characteristics of these  channels. 
lowing descriptions  cover  only the most basic and common 

Ice-marginal (lateral) channels developed where  a 

glacier ice and an adjacent exposed hillside (Figure 1-5 and 
meltwater stream occupied the shallow depression between 

Photos 1-8 and 1-16). Thus  a lateral channel is subparallel 
to  contour lines, and has a gentle gradient in the direction of 
meltwater flow. In places, downwasting of an ice margin 
resulted in the development of several parallel channels  at 
successively  lower  elevations.  Ice marginal channels are 
best developed and preserved on moderately sloping hill- 
sides that are blanketed by till:  channels may be incised into 
the till by amounts ranging from a  few metres to over 20 
metres. lndividual  channels may continue for several kilo- 
metrcs, or may be discontinuous, or only isolated short seg- 
ments may be present. Discontinuous channels with missing 
segments developed where alternate reaches of the stream 

Paper 1995-2 

Minislry o f E n e w ,  Mines andPefroleum Resources 

- 

were on the ice. Along some channels, there are strongly 
curving channel segments, sometimes deeply incis :d, mark- 
ing places where the meltwater stream meanders .mpinged 
on the hillside (Photo 1-16). 

(or  the linked segments of a discontinuous chanlel) indi- 
The longitudinal gradient of an icc-marginal charmcl 

cates former meltwater-flow direction. As the gradient of a 
lateral channel also  approximates that of the adjacent ice 
surface, meltwater channel configuration also prwides in- 
formation about contemporaneous ice-flow direction. 

thermal and hydrologic conditions at  the base of a glacier or 
Subglacial  meltwater  channels are  present where 

ice sheet permitted the flow of meltwater in channels, and 
subsequent conditions favoured their preservation. Hydro- 
static pressure at  a glacier bed is capable of  caujing high 
flow velocities, leading to rapid erosion and dev:lopment 
ofincised channels, sometimes called "tunnel vallcys" (Fig- 
ure 1-5). 

Subglacial meltwater channels  can usually be recog- 
nized by some combination of the following featurcs, al- 
though any one of these features may be lacking: 

Distinctive morphology: subglacial channels lend to be 
relatively deep and narrow; many are flat floored, some are 
V-shaped in cross-section; 

water) features: commonly, subglacial channcls an:  the con- 
A clear relationship to other glacial (both ice :and melt- 

tinuation of otbcr types of mcltwatcr channels  or subaerial 
channels,  including  eskers (see below);  an  esker may 
abruptly  give way to an incised  channcl (or vL:e verso) 

Figure 1-5. Block diagrams to illustrate lateral and Subglacial 
meltwater  channels: (A) landscape during deglaciation: (B) land- 
scape  after  dcglaciation. 
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British Columbia 

Photo  1-16.  Stereo  pair  showing  lateral  meltwater  channels on the Kawdy Plateau,  northem  British  Columbia:  channels  have a gentle 
gradient down  toward  the  northeast,  suggesting a general  northeastward  movement  of  ice  during  deglaciation  (Government of Canada  air 
photosA19568: 17-18). 

where subglacial hydrologic conditions dictated a change 
from deposition to erosion (or vice versa). 

where deglaciation occurred by downwasting of stagnant 
Distinctive  spatial  position  and  pattern: in regions 

ice, shallow subaerial channels may suddenly change into 
deeply incised channels, or lateral channels may suddenly 
turn and  plunge  directly downslope; the point where the 
transition occurs marks the position of a  former  ice margin 
(Photo 1-14). An example of a distinctive pattern of sub- 
glacial drainage  is illustrated by Photo 1-17). 

glacial channels  is not always indicated by the present chan- 
The direction of flow of meltwater in individual sub- 

ne1 gradient because meltwater under hydrostatic pressure 

tion, it is best to reconstruct the overall pattern of ice reces- 
may have flowed uphill. In order  to determine a flow direc- 

late glacial features within a local area. 
sion and meltwater flow from air photo interpretation of all 

Proglacial  meltwater  channels carried  water away 
from the ice. Although many such channels  were  in trunk 
valleys now occupied by modem streams, other channels 
were cut  across  drainage  divides and represent remnants of 
drainage networks that were distinctly different from those 
of the present day. 

Many  meltwater  channels  are  either not occupied by 

are very small in relation to the size of their valleys). These 
streams or now contain "misfit" streams (i,e., streams that 

channels commonly contain small lakes and bogs in depres- 
sions that are kettles (holes left by melting ice-blocks) or 

depressions upstream from natural dams such as postglacial 
alluvial fans  or landslides. 

nels, bedrock or drift was eroded, transported by meltwater, 
During  the formation and incision of meltwater  chan- 

and deposited as glaciofluvial sediments within landforms 
such as outwash plains and deltas. Thus reconstruction of 
meltwater flow paths may directly assist identification of 
the source of mineralized drift encountered in geochemical 
soil surveys. 

ESKERS 

the  course of former  meltwater tunnels in glacier  ice  (Figure 
Eskers are sinuous  ridges of gravel and sand that mark 

glaciofluvial"  landforms  and  are  closely  related to sub- 
1-5, Photos 1-7 and 1-18). They  are  classed as "ice-contact 

glacial meltwater channels,  as noted above. Eskers are the 
filled  channels of englacial and subglacial streams. Because 
meltwater-flow direction was related to the  hydraulic gradi- 
ent within the ice, and because  any  esker may have been 
lowered from melting ice and superimposed  onto  the  land 

terpreted from present day topography. The flow  directions 
surface, former flow directions  cannot  be  unequivocally in- 

of some short esker  segments  cannot be easily  determined. 
As in the  case of meltwater  channels, reconstruction of the 
broader late-glacial drainage network may be necessary. Al- 
ternatively, because  subglacial  or  englacial  meltwater flow 
was generally in the  same direction as ice flow, esker flow- 
direction can  he inferred if ice-flow direction  is known. For 
example, in  areas of relatively subdued topography, such as 
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Photo 1-17. Stereo pair illustrating  dendritic  pattern  of  subglacial  channels  probably  developed  beneath  stagnant  ice;  meltwater-flow 
direction  is  unrelated  to  ice-flow  direction.  Ice  movement, as indicated by features  immediately east of  the  field of view,  was  toward 
west-northwest  (near  Dease  Lake,  northern  British Columbia) (Government of Canada air photos  A19569:  57-58). 

the Canadian Shield, the  predominant alignment of major 
eskers  closely parallels ice-flow direction (and can be used 
to approximate ice direction if other indicators are lacking 
or ambiguous). 

OTHER  ICE-CONTACT  GLACIOFLWIAL 
LANDFORMS 

Other  landformsresultingfrom meltwater deposition in 
contact  with  glacier ice, kames  and  kame terraces, are  not 
particularly useful  indicators of meltwater-flow direction, 

these  landforms do provide information about the pattern 
although flow directions  can  sometimes  be inferred, and 

prospecting. 
and style of deglaciation that can be usefully applied to  drift 

Kames  are  irregular  mounds of sand and gravel com- 
monly arranged  in an apparently chaotic fashion. Kame ter- 
races  consist  of  sands  and  gravels  deposited  in  the 
depression between the margin of a melting glacier and the 
adjacent hillside: they are  the depositional equivalent of lat- 
eral  meltwater  channels.  Flow  direction may be inferred 
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from the longitudinal gradient of a kame tenace  fits surface 
is sufficiently continuous to convince the observer that the 
entire terrace developed more or less contemporaneously. 
The topography of kame  terraces  is commonly :io irregular 
and fragmented that reconstructions of longitudinal gradi- 
ents  are  not reliable. 

LANDFORMS  OF  GLACIAL OUTWASH 
Landforms that consist of sands and gravels deposited 

by glacial meltwater flowing away from the ice, commonly 
described as "proglacial" landforms and sediments, include 
outwash plains, terraces, fans, and deltas (Photo I- 18). The 

tos are: 
chief criteria for recognition of these landforms on  air pho- 

Morphology: Outwash plains are flat  or very gently slop- 
ing; low  terrace scarps and channel-like depre'ssions may 
be recognizable. Kettles, enclosed depression!;, either dry 
or  with bogs or lakes, may be present, and the presence of 
kettles serves  to distinguish outwash plains from younger 
fluvial plains. Outwash  terraces are the tabular remnants 



Photo 1-18.  Stereo  pair  showing  glaciofluvial  outwash  terraces (A), ice-contact  (kame)  deltas (B) and esker (E-E) near  Dease Lake, 

deposited in contact with melting  ice  (Government of Canada  air  photos A19568: 20-21). 
northern  British Columbia. Kettle  depressions at D and collapse  features  (slumped  ridges)  at C indicate  that  deltaic  sediments  were 

of outwash  plains  that  have  been  dissected by stream ero- 
sion due to either  the  effects of meltwater or postglacial 
streams.  Outwash  fans are essentially  alluvial  fans; they 
are  commonly located at  the  lower  end of meltwaterchan- 

present valley floors (i.e. "raised fans)  and have been  dis- 
nels. Many outwash  fans  are graded to  elevations  above 

has  a  flat  top (Le. terrace)  at  the  elevation of the  lake  into 
sected or terrace by postglacial streams. An outwash  delta 

which  it was deposited, and a  steep  foreset slope. 
* Situation:  Outwash  deltas  are located where meltwater 

streams  flowed  into lakes,  typically  where  meltwater 
channels  and  tributary  valleys  emerge  into  a  larger valley. 
Outwash  deltas,  fans  and  terraces may be difficult to dif- 

ferentiate, but for  drift  exploration,  recognition of these 
outwash  landforms  as  a  group  is  sufficient for most pur- 

* Channel traces: The  former  channels @e. stream beds) of 
poses. 

outwash  landfonns  may  be  visible  on  air photos. Typi- 
cally, they have  a  braided pattern, with  channels  splitting 
and  rejoining  around  diamond-shaped bars. 
Postglacial modification: Outwash  landforms are usually 
underlain by thick  and  uniform  sands  and  gravels with 
high permeability. There  is  usually  no  surface runoff or 
gully erosion,  other than the  dissection noted above. 
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Vegetation patterns: Soils  are well drained and so vegeta- 
tion is a uniform  cover of whatever species are charac- 
teristic of relatively dry  sites  within  the local vegetation 
zone.  For example, in many parts of northern British Co- 
lumbia, outwash  surfaces  are characterized by pine. Old 
channels  may be less  well  drained and defined by con- 
trasting vegetation. 

Meltwater-flow directions  can  he reconstructed from 
channel patterns. Bars tend to point in the downstream di- 
rection,  and  bank  erosion  is  concentrated slightly down- 
stream from bends. If  bars  and  channels are not visible on 

tial arrangement of meltwater  channels,  oulwash plains, 
air photos, flow  directions  can  be interpreted from the spa- 

fans, terraces  and deltas, and local topography. Suface gra- 
dients on outwash landforms usually conform with  flow di- 
rection, although  in  rare cases, gradients may have been 
reversed by glacio-isostatic tilting or by tectonic uplift. 

SMALL  MELTWATER-FLOW FEATURIES 
Meltwater-flow directions can be interpreted from a va- 

riety of sedimentary  structures normally visible in expo- 
sures of stream-deposited  sands  and  gravels.  The  most 
common  structures  are  ripple marks, crosshedding, and im- 
brication. Flow  directions indicated by these small features 
may vary considerably within a single body of sediment  due 
to  the  commonly  changing  trends of channels  on a braided 
outwash plain, and  due  to backwater effects which can result 
in structures locally dipping upstream. For a reliable assess- 

be made at different sites  and results plotted on rose dia- 
ment of flow direction, a number of measurements should 

grams or analyzed statistically. 

PROBLEMS OF INTERPRETATION 
Interpretation of flow direction data  and  its effective 

application to  drift prospecting requires some basic under- 
standing of the  factors  that controlled flow directions in ice 
and meltwater, and  hence  the variability of flow directions 
in  space  and time. In some regions, ice and meltwater-flow 
directions varied considerably -- flow  may  even  have re- 
versed direction -- in the course of the last glaciation. 

ICE-FLO W DIRECTION 
In the broadest view, flow  paths within a r ~  ice sheet  are 

outward from accumulation  zones toward the ice margin. In 
the  Cordillera of western Canada, accumulation zones  were 
located in  high mountains with  heavy snowfall (these areas 
are  approximated by the distribution of present-day gla- 

radially outward from accumulation zones that were located 
ciers). In the case of the Laurentide ice sheet, ice-flowed 

to the east and west of Hudson Bay. These generalized flow 
patterns are indicated on maps such as Prest's 1983 recon- 
struction of flow  lines  for the Late Wisconsinan ice sheets 

used to  check  whether  flow  directions interpreted from air 
(Prest, 1984). These "regional" ice-flow directions  can  be 

photos or from ground features are reasonable within the 
broader  context. 

More specifically, the physics of ice flow  dictates that 
ice flows  in a direction that is determined by the surface 
slope of the ice sheet . Thus  flow lines are parallel to lines 

of steepest gradient  and perpendicular to the conlours of the 

rested on an essentially horizontal surface, an explanation 
ice surface. This  explains  the motion of  an ice sheet that 

tarded the general  acceptance ofthe glacial theorr.  In a hori- 
that eluded early  glaciologists and, for several decades, re- 

zontally based ice sheet, ice  flows  from  the  region  where  the 
ice  is thickest (the  accumulation zone) toward tle margins 
where  the ice is  thinnest  and  the  surface  is low. The Lauren- 
tide ice sheet  tits  this model. 

In marked contrast, the Cordilleran ice sheet covered 
the irregular and rugged landscape of the western mountains 

recently between about 18 000 and 15 000 years ago, ice 
and plateaus. When it was  thickest and most extensive, most 

buried all butthe  highestpeaks  ofthe mountainranges. Flow 
outward from the accumulation zones  was  in ;wortlance 
with the surface slope ofthe ice sheet  and unrelat6.d to buried 
subglacial topography. Ice flowed along  only thmxe valleys 
that were aligned in the  same  direction as the ice surface 
gradient. Ice flowed across transverse valleys, that is, val- 
leys aligned parallel to  the  contours of the ice surface. The 
details of glacier motion  in  transverse  valleys  during  the 
glacial maximum have not  yet  been worked out,  but  it  is 
possible that significant motion was restricted to the upper 
part of the ice, that is, ice above  the level of the subglacial 
drainage divides. Thus  ice  within transverse v,dleys may 
have been stationary during the glacial maximum, although 
valley glaciers may have followed local topography during 
the early and late stages of glaciation. The  changing controls 
on ice flow during the several phases of a glaciation are 
discussed in detail by Davis  and  Mathews (1944) and Kerr 
(1936). 

This concept, and its significance to  drift prospecting, 
are illustrated  by work  reported by  Alley  and  Chatwin 
(1979) from the mountains of southwestern Vancouver Is- 
land. They found thatridge-top  drift includes mawialtrans- 
ported  from  the  mountains  of  the  mainland  (the  Coast 
Mountains) by southwesterly flowing ice, but  drift  on valley 

implies that ridge-top materials relate to ice-flow at the gla- 
floors  is derived entirely from within-valley soxces. This 

cia1 maximum,  whereas  valley-floor  materials  relate  to 
down valley flow. Successful up-flow tracing clf dispersal 
trains requires understanding of changes in ice-flow direc- 
tions. 

In general, ice-flow directions during the waxing and 
waning of  an ice sheet  were commonly dissimi:,ar to those 

early and late stages of the Cordilleran ice sheet when drain- 
of the glacial maximum This  was particularly 1,rue for the 

hence  flow directions, were  in accordance with I.xal topog- 
age  divides  were  exposed  and ice-surface gradients, and 

raphy. At the beginning of a glaciation, flow directions of 
expanding  cirque  and  valley glaciers are completely con- 
trolled by local topography. As ice thickness increases, gla- 
ciers  advance and thicken until divides  are overtopped and 
flow-directions  gradually  shift as the control exerted by 
topographic features declines. The process of ice thickening 
and changing  topographic control within the context of the 
Cordilleran ice sheet  was discussed in  detail hy Davis and 
Mathews (1944)  and summarized by Clague (1989). 
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gence of drainage  divides  from  beneath the  thinning ice re- 
During  recession of the  Cordilleran ice  sheet,  the  emer- 

sulted in gradually  increasing  topographic control. Within 
the  mountains  (the  former  accumulation zones), the  style of 
glacial  recession  may  have  been a mirror  image of the  gla- 
cier  advance.  Glaciers receded by  frontal  recession of ac- 
tively  flowing  ice -- melting  exceeded  glacier  flow  and 
glacier  snouts  retreated up-valley -- until  glaciers  were re- 
stricted to the regions  that they occupy today. At greater 
distances  from  the  past  and  present  accumulation  zones,  ice 
sheet  decay  over  large areas was  dominated by downwast- 

rather than frontal recession. A  full  description of down- 
ing  and  ice  stagnation  (melting  of  stationary  masses of ice), 

teaus of the  Cordillera is provided hy Fulton (1967; 1975). 
wasting  and  stagnation within the  context of the  interior pla- 

Some glacial  geologists  have  suggested  that  during  the 
climax of the  last  glaciation,  the  configuration of the Cor- 
dilleran ice sheet  was  similar to that of the  present  Green- 
land ice cap (e.g. Fulton, 1975). They  believe  that a vast ice 
dome  developed  over  the  central  plateaus of the Cordillera. 
Ice flow from this dome  would  have  been radially outward, 
in accordance  with  its  surface slope. If this  was  the case, 
sites on the  plateau  could  have  experienced  complete rever- 
sal of ice-flow direction. For example,  along  the western 
side of the  Interior  Plateau,  early  eastward ice flow off the 
Coast Mountains  would  have  been  later  replaced  by west- 
ward outflow  from  the  ice dome. Ice-flow  direction  indica- 
tors  suggest  that  the  concept  of  an  ice  dome is more  likely 
tobecorrectfornorthernthanforsouthemBritishColumbia 

terpreted  the  distribution  of  erratics on  the  Stikine Plateau 
(Ryder and  Maynard, 1991). Forrest Kerr  (1934,1936) in- 

as  an indicator of such  flow  reversal,  and  indeed,  strongly 
abraded rock ridges  along the Stikine  valley just east of the 
Coast  Mountains  show  no  preferred  sense of direction.  Lo- 
cal  flow  reversals  may  well  have  occurred  at many places 
along  the  eastern  side of Coast  Mountains. 

treating  ice margin  was made up of a series of semi-inde- 
During the  waning of the Laurentide  ice sheet,  the re- 

pendent ice lobes (e& Dyke  and  Prest,  1986). Within each 
receding  lobe,  flow-directions  radiated ont from the lobe 
axis  toward  its margins, and  thus differed from flow-direc- 
tions in effect  prior to ice  recession  (Figure 1-4). Also, pe- 
riods of recession  were  commonly  followed  by  resurgence 
of individual lobes. The  configuration of a readvancing 
lobe was  commonly  dissimilar  to  that of the  same  lobe  at an 
earlier  point in time.  Thus ice-flow directions  changed with 
time.  During  recession,  parts of the  Laurentide  ice  sheet 

was  particularly  prevalent  on the Prairies. 
stagnated and downwasted in situ: this  style of deglaciation 

These  concepts  have  great  significance  for  drift pros- 
pecting  because  they  indicate  that  flow  directions deter- 
mined  for  any  one  glacial  feature may  not  apply to  all 
features  or  snrticial  materials within a local area. Evidence 

till has been recorded from  many  areas, (e& Clagne, 1975). 
of changing flow  directions  during  accumulation of basal 

Deposition of till by  ice  flowing in one  direction,  and sub- 
sequent  reworking  of  that till by  ice,  from  another  quarter 
was described  by  Shaw et al. (1989). Multiple flow direc- 
tions are  commonly  recorded by criss-crossing  striations  on 

bedrock,  and  directions  indicated  by  striations  may be dis- 
cordant with the  direction preserved in the fabric of overly- 
ing  till.  Glacial  deposits  associated  with  stagnant  ice are 
typically  chaotically  arranged  ablation  (supraglacial) tills, 
kames  and  kame  terraces,  and  contain  little  or  no  informa- 
tion  about ice-flow directions. 

directions on the  shape  and  extent  of  dispersal  trains  is pro- 
An excellent  example of the effect of  changing ice-flow 

vided by  Klassen  and  Thompson,  (1989)  from  the  eastern 

result of numerous  measurements  of  striations,  bedrock 
sector of the  Laurentide  ice  sheet  in  central Labrador. As a 

ported  boulders over a wide  area,  they  identified  seven 
streamlined  forms  and  the  distribution of glacially trans- 

phases  ofice-flow  (Figure 1- 6). Significantly,they  note  that 
ice-flow  directions  cannot  be  reliably  interpreted  from 
measurement of lineations at  any  single site. Directions 
changed in accordance with shifts in the position of centres 
of outflow  and  changes in the  control  exerted  by  topo- 
graphic  features  during  the  last  glaciation.  Glacial  dispersal 
trains  range  from  narrow  ribbons  developed  where  shifts in 
ice-flow direction  were  relatively minor, to broad fans de- 

direction  through as much  as 120O. Clearly, establishment 
veloped as a result  of  transport  during  changes in ice-flow 

of  regional  patterns of ice-flow direction is necessary  prior 
to interpretation of dispersal trains. 

In  general,  where  drift is thin  and ice-flow direction is 
confirmed  by  more than one  type of evidence,  including  the 
established  regional  pattern, then the significance to drift 
prospecting of changing ice-flow directions  may be minor. 
However,  where  ambiguous  indicators are  found,  former 
flow directions  may be significant  and  complex. 

MELTWATER-FLO W DIRECTION 

that  those of ice  because in any  one area,  most  meltwater 
Meltwater-flow directions are inherently  less  variable 

channels  and  glaciofluvial  deposits  were  formed  during  the 
relatively short  time span of deglaciation.  Flow  directions 
of sub-  and  en-glacial meltwater, however, may  be  dissimi- 

Figure 1-6. Changes  in  the  direction of ice  flow in central  Labrador 
during  the  last  glaciation  (from  Klassen  and  Thompson, 1989). 

20 Geological Survey Branch 



lar to  that  of ice-marginal or proglacial streams, and so this 
topic is worthy of some consideration. 

sheets and glaciers that were "warm", that is, the tempera- 
Meltwater was present inside only those parts of ice 

ture  of  the  ice  was  at  the pressure melting point (close to 
0°C). In such a case, a water  table  would  have been present, 
and flow directions of meltwater through channels  in the 

hydraulic gradients. Dependent  upon the configuration of 
saturated zone would have  been  in accordance with local 

the glacier's plumbing system, meltwater  may  have moved 
upward as well as down, although  flow  would generally be 
toward the glacier terminus. If  a glacier terminated in a lake 
or the ocean, meltwater  flow under high hydrostatic pres- 
sure may have  occurred  within the  glacier but below the 
surface of the standing water. Subaqueous  outwash  could 
thus he deposited below lake or sea level. Above  the  water 
table  in a  glacier, meltwater flow was generally down-gla- 
cier, with local deviations determined by the morphology of 
en-glacial and subglacial channels  and the glacier surface. 

In  the  case of cold ice (temperature  below  pressure 
melting point), meltwater could  exist  only on the glacier 
surface and flow  was  in accord  with surface morphology. 

to flow in a direction that  was parallel to  the ice-flow direc- 
In general, meltwater in, on or under a glacier tended 

tion. For example, large eskers in low-relief terrain are usu- 
ally parallel to ice flow. Deviations occur where sub-glacial 
and en-glacial flow  was affected by subglacial topography, 
and in stationary, stagnant ice. In the Cordillera, where ice- 
flow directions changed  during deglaciation due to the coo- 
trol of emergent topography, meltwater directions changed 
in concert  with those of the ice. 

Flow directions in proglacial outwash  were relatively 
constant, but  changes  may  have resulted from changes  in 
the position of meltwater  streams brought about by ice re- 
cession, or from stream  channels shifting due to differential 
build up of the outwash body. 
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DRIFT  EXPLORATllON  POTENTIAL MAPS DERI'VED 
FROM  TERRAIN  GEOLOGY  MAPS 

By D.N. Proudfoot, Geological Consultant 
P.T. Bobrowsky and D.G. Meldrum 
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INTRODUCTION 
Traditional surficial and terrain geology maps inher- 

ently contain and convey a wealth of information. Unfortu- 
nately, the  scale,  style,  type and structure of these maps 
varies  significantly  as a function of user  objectives  and 
needs, study  area  size  and location, availability of existing 
supplementary data  as  well  as the conventional restrictions 
of time, funding and field access (see Church et ai., 1988). 
Another limiting factor, less commonly cited, is  the influ- 

sus black and white maps, digital file and so on). In fact, one 
enceofproduction format (e.g. report, hard copy colourver- 

recent  compilation of  surfcial maps in British Columbia 
showed that  more  than  2000  maps  are currently available 
for many parts of the province, scales range from 1 :lo00  to 

22 types of surficial maps (Bobrowsky ef ai., 1992). At an 
1: 1 000 000, and the documented variations include about 

average  cost of $50 000 per map  (1994 dollars) to generate 
a terrain map, including salaries, field expenses and produc- 
tion costs, this  database of2000 maps may  represent a $1 00 
million investment. 

the non-specialist, especially  as  the information portrayed 
The utility of surficial maps is not readily apparent to 

(relatively complex map symbols)  does  not often follow a 
set guideline or standard. Although the Province of British 
Columbia is active in the process of developing terrain ge- 
ology mapping standards (Task Group on Terrain Geology, 
in preparation) the existing database of surficial maps will 

gists have,  nevertheless,  shown that surficial maps serve 
remain in  their  original  diverse formats. Quaternary geolo- 

many purposes ranging  from  waste  management and hazard 
zonation to land-use classification and aggregate explora- 
tion (Varnes,  1974;  De MUlder, 1989;  Bobrowsky  and 
Levson, 1993). The  aim of this paper is to review the basic 

the  concept of derivative maps, and detail one  type of de- 
elements of all terrain and surficial geology maps, introduce 

map  which  may  prove  beneficial  to  the exploration commu- 
rivative  map  termed a Drift Exploration Potential (DEP) 

nity. 

TERRAIN  GEOLOGY BACKGROUND 
Terrain geology and surficial geology are often used 

interchangeably for maps which portray infomation about 
unconsolidated deposits.  One estimate suggests that  about 
70% of the terrestrial surface of the earth is covered by un- 
consolidated sediments (Goldberg et al., 1965). A similar 
estimate (-75%) for  surficial  sediment  cover  can be applied 
to British Columbia, with the remaining 25% as generally 

representing bedrock, water  and ice. This covero,Ysediment 

process of exploration and discovery a difficult task. Now- 
may maskunderlyingmineralized  bedrockwhichmakesthe 

ever, the principles of surficial geology  can  be ~3pplied to 
make  it  easier  to  deal  with drift-covered regions and in- 
crease  the  success of mineral exploration (Gartner, 1981). 
Moreover, interpretive DEP  maps  can  be derived liom basic 
surficial geology maps  to  assist  in  this process. 

more than a surface expression of deeper bedrock geology. 
As noted by Mitchell (199 l), terrain geology is nothing 

This relationship between  surficial sediments and underly- 

tion of terrain maps is based on knowledge ofthe association 
ing bedrock is  complex  but interpretable, becausl: the crea- 

between  landforms,  sediments  and  geologic  history 
(Eriksson, 1992). One ofthe first published accounts outlin- 
ingtheuseterrainmappingformineralexploratio~lpurposes 
in British Columbia was that ofMaynard (1989). A typical 
terrain  map  shows a number of irregularly  shaped  areas 
termed "terrain  polygons" which represent  deposits of a 
similar nature (Task Group  on Terrain Geology, i n  prepara- 
tion). In British Columbia, the materials constituting a ter- 
rain  polygon  are  classified  according  to  the following 
criteria: type ofsurficial  material (genesis), material texture, 
landform or material  thickness  and  modifying  processes 
(Howes and Kenk, 1988; Figure 2-1). Each poly Jon there- 

above, and  DEP maps capitalize on these data. 
fore contains information about the  defining criteria listed 

DRIFT EXPLORATION BACKGROUND 

is a mineral deposit model. This model generall! incorpo- 
One of the keys to a sound mineral exploration program 

rates a set of geologic  conditions that include rock types and 
associations, structural setting and features, as w,:ll as min- 
eralogy. Similarly, an effective drift exploratioll program 
needs a surficial geology model that provides a predictive 
capability for  sediment transport direction, rela!ive trans- 
port distance from bedrock source, thickness of overburden 
and the probable integrity of samples. A relative ranking of 
the confidence with  which  samples from variou!; sediment 
localities can  be traced back to  their bedrock source would 
also be useful. In  this manner, a sampling  progrun  can be 
designed  to  economize  by  only  sampling higtly ranked 

potential), however, it is important that the  samples ana- 
sites. Regardless of the type of terrain sampled (high to low 

lyzed are of similar genesis, so that  similar transport paths 
can be expected. Indeed, the  consequences of Eicies vari- 
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Figure 2-1. Terrain geology map of the Pod McNeill area  (NTS 92U11). northern Vancouver  Island. 

ations to exploration  was  recently  illustrated  for  several 
types of moraine by Aario  and  Peuraniemi (1992). 

GENERAL CONCEPTS 
The following  discussion  and  all  interpretations  for 

sediment transport  and  deposition  relate to sediment that has 

relates to clastic  dispersal and is not intended  for  use in the 
been transported as rock detritus. The resulting DEP map 

interpretation of secondary  hydromorphic  anomalies. 

and  deposition  important  in  this  type of study  are  related to 
The  five main sets of  processes of sediment  transport 

flowing  and  standing  water  as well as  glacial ice, slopes  and 
wind. Differencesin  sedimentderivationandtransportpaths 
lead to different  levels of potential  for  tracing  geochemical 
anomalies  and  mineralized  clasts  back to their  bedrock 
source. Some types ofsedimentare,therefore, lesseconomi- 
cal to sample  because the likelihood of sourcing  the parent 
bedrock  is very low  (Salminen, 1992). 

The interpretation of the  genesis of sediment is based 
on  two  major aspects: the  surface geomorphology, particu- 

graphs  and  supported by ground  verification,  and the 
larly where  surficial  features  are  observed  on  aerial photo- 

sedimentology of the  material  exposed at a site. These rep- 
resent  two  different  sets of data  that can often be examined 
independently to amve at corroborating  genetic  interpreta- 

our purposes, this is  most  applicable to the genesis of glacial 
tions, thus  increasing  the  reliability of the  interpretation. For 

sediment. 

able  information  on the sedimentologic history.  In general, 
Stratigraphic  position of deposits provides  consider- 

for thick till deposits,  the upper till  sediments  are  farther 
traveled than the  lower  sediments,  whereas in the  case of 
sediment  veneers,  it is  assumed that  the  deposits are all 

normally sampled in drift exploration,  sediment  thickness 
shorter traveled. Since  it  is the near-surface sediment  that  is 

is  an  important  criterion in the evaluation process. 

tential of sediment  for  drift  studies  relates to transport-de- 
One  other  factor  which  is  important  for  ranking the po- 

posit  processes.  In  glaciated  terrain  different  modes  of 

bedrock  source (Shih,  1975).  Single  cycles  of  erosion, 
transport lead to different  degrees of differentiation  from  a 

transportation  and  deposition, such as  weathering of bed- 
rock and  soil  creep to form  colluvium or glacier  scouring 
and deposition to form  till,  are  good  examples of first de- 
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rivativeproducts(Shilts, 1993). However,meltingofglacier 
ice and  concomitant  sediment redeposition by meltwater 
adds a second phase to the material. In  this case, the resultant 
glaciofluvial deposits  can  be considered to be second de- 
rivative products. Further  reworking of the  sediment by riv- 

products. Additional reworking, including eolian and lacus- 
ers  and  subsequent deposition results in third derivative 

trine  processes, can result in  fourth derivative  products 
(Shih,  1993). Each  phase of reworking compounds  the dif- 
ficulty of interpreting  the  bedrock source. Sediments and 
clasts  which  have  undergone  multiple  cycles of erosion, 
transportation  and  deposition  progressively  diminish  in 
their ability to  provide information on the parent bedrock 
(Shih,  1991).Asaresult,thehierarchyforpreferredsample 
media in  drift  exploration studies parallels  the natural order 

take  preference  over  subsequent products. 
of derivative products. In any area, lower order derivatives 

GLACIAL DEPOSITS 

referred to  as 'till'. Till is typically an unsorted sediment that 
The  sediment  that  is deposited by glacial ice is normally 

is composed ofmaterial that ranges from pebble  to boulder- 
sized clasts, all supported in a finer grained matrix (Drei- 
manis, 1990). Deposits of till may be associated with  or 
support a minor component of water-deposited sediment 
such  as sand or gravel. Transport position of sediment  in 

infer  distance of transport  for  various  types of till. Figure 
glaciers is particularly important because it can be used to 

2-2 shows the three  major positions of sediment transport in 
a glacier. In  this  discussion  we  assume  that present-day gla- 
cial  deposits  retain an imprint of their  transport history, 
thereby reflecting  their  relative paleo-position during gla- 
cier transport. Sediment that is carried  and deposited near 
the base of a glacier is referred to  as 'basal till'. Material 
transported above the basal debris-rich zone  but well below 
the glacier  surface  is 'englacial' and if carried on  or near the 
glacier's surface is referred to  as 'supraglacial' (Dreimanis, 

because it can  be  used  to infer the  relative  distance  oftravel 
1989). The interpretation of transport position is important 

for  various  types of glacial sediment (Figure 2-3). Sediment 
deposited from a particular transport position may produce 
or be associated  with a distinctive landform provided that 
there has been little post-depositional modification (Ashley 
ef al., 1985). Generally, the farther that sediment  is carried 
by a glacier, the  higher  it  rises  in  the ice to a maximum that 
is normally well below the  surface (Figure 2-3). Exceptions 
to  this  include  englacial incorporation as  ice  flows  over  and 
around  promontories  or  high-relief  topographic  features 
(Figure 2-4). Other  exceptions  may  occur where ice flows 
up an incline  occasionally  causing  material to be  thrust 
higher  into  the ice, or  down a steep incline where material 
can be plucked into an englacial position from the lee side 

trary, one  normally  assumes that the  thinner a deposit of till, 
of the incline. However, unless there is evidence to the con- 

the  more likely that the  sediments  at the base were locally 
derived. 

GLACIOFLUVIAL  AND FLUVIAL  DEPOSITS 

rection  of  sediment  transport.  For  instance,  eskers  are 
Glaciofluvial features may give an indication of the di- 

Figure 2-2. Schematic  cross-section  through a typi-:al glacier 
showing  three  positions  ofsedimenttransport:  basal,  englacial and 
supraglacial. 

ice flow direction - I 
erosion transpor 

\ 

Figure 2-3. Schematic  cross-section  through x typizal  glacier 
showing the method of incorporating  basal  debris irto the  ice. 

uplift in a flowing  glacier. 
Upper part of figure illustrates  theoretical boundary fcr sediment 

Flow Direction 
"- 

directly  into an 
englacial position 

I Bedrock  Source J 
Figure 2-4. Schematic  cross-section  through a typical  glacier 
shows  sediment  transport  path  in  ice  and an example c f f  englacial 

high. 
incorporation of eroded  debris as ice  passes  over a tclpographic 

formed by water flow controlled by a glacier and generally 

phy  such  as valleys and ridge tops. Outwash plains are de- 
flow  parallel  to  the glacier, often crossing modem topogra- 

posited by water flow controlled by topography I~eyond  an 
ice margin. The paleo-flow direction ofthese second deriva- 
tive deposits can be determined from crossbedding, pebble 
fabrics and bedform relationships and then traced upstream 
along local drainage  from  major to minor  vallcys (Lilli- 
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eskold, 1990). Although, fluvial  deposits (e.& terrace,  fan) 
are third  derivative  products, they are ranked with glacioflu- 
vial sediments  because  the  process of transport  and deposi- 
tion is also  flowing water. The  sediment  source  for  these 
waterlain  deposits  could  be rock, till or other  waterlain sedi- 
ments, all of which may have  had  different  source direc- 
tions. 

SLOPE  PROCESS  DEPOSITS 

derived  directly  from  upslope rock or  sediment.  Colluvium 
It is  important  to  determine  whether  slope  deposits are 

derived from  bedrock  is  a  first  derivative  product,  whereas 
colluviated till is  a  second  derivative  product.  Documenting 
the derivation  of  accumulations related to  slope  processes 
influences the ease of interpreting  geochemical  and  pebble 
results. In general,  colluvial  sediments,  whether  veneers or 
blankets, rank high in their  usefulness  for  drift  prospecting 
studies. 

OTHER  PROCESS  DEPOSITS 

rine, marine, eolian  and  organic  processes are grouped to- 
The  deposits  of  glaciolacusuine,  lacustrine,  glacioma- 

gether  under  "other  processes"  and  have very low  potential 
for  drift  exploration  sampling.  The  exception  to this ruie 

vey work, where it can  be shown  that the sediments  are de- 
occurs  in the  use of lake  sediments  for  reconnaissance sur- 

rived  locally  from the contiguous slopes (see Cook, 1994, 
this volume). 

DRIFT EXPLORATION POTENTIAL 
MAPS 

of potential  importance  for  drift  exploration sampling be- 
A  DEP  map  categorizes  surftcial  sediments  into  levels 

fore  a  field  program is undertaken. In this style of map,  drift 
exploration  is  assumed  to  include bulk sediment  sampling 
for  geochemical  analysis  and  pebblehoulder  collection  for 

primary,reliable, useful andeasily interpretable results from 
lithological  provenance studies. The potential  for  obtaining 

either of the  two  sampling  approaches can be ranked from 
very high  to very low, according  to  five  categories.  The util- 
ity of this  map is restricted  to  clastic  glacial  dispersal  and  is 
not  applicable to the  interpretation of hydromorphic  anoma- 
lies. 

to  design sampling programs. The  map  should  be  consulted 
The purpose of a  DEP  map  is  to  assist  explorationists 

before  fieldwork  begins,  as  it  identifies types of surficial 
sediment and  categorizes  each  according to its  potential  for 
drift-related  sampling.  Potential  refers to the  suitability of 
the  snrficial  deposits  for  geochemical  analysis and clast li- 
thology study. Potential  also  relates  to  the proximity of the 
sample  to  parent  material or bedrock  as well as  the  ease of 
interpretation of the data; it does  not  refer  to  the  likelihood 

fective  information  as  areas  which  contain  poor or unreli- 
of encountering  mineralization.  The  map provides cost-ef- 

areas of exploration  interest  can be prioritized  according to 
able  deposits can be  avoided  during  sampling. Similarly, 

the  five  categories  and  sampled  sequentially as results  from 
higher potential categories  are  evaluated  first. 

ficial  deposits  including  terrain  unit,  sediment thickness, 
Several  factors are  used in the characterization of sur- 

transport  distance  (proximity to  bedrock source),  diagenesis 

erosivddepositional cycles,  and ease  of interpretation of 
(history of deposit  from  erosion  to  deposition),  number of 

analytical results. Geological  data  characterizing  paleo- 
flow are also  documented  and  illustrated  to  meet  the  purpose 
of  the map. Collectively, these inter-related factors  can be 
used to categorize  all  suflcial  sediments identified on  a tra- 
ditional  terrain  map to  generate  a  DEP map. This  map  can 
then be  used  to  develop  a  sampling strategy for  various lev- 
els of drift  prospecting.  Specific bulk and  clast sampling 
designs  can be. structured to fit  changing  project  objectives 

cies. Analytical  results can be  confidently  interpreted  and 
which  may rely on  data  comparisons  between  different  fa- 

further  action can be taken. 

DETAILS 
As discussed  in  the  preceding  sections,  several  factors 

must  be  considered in the  assessment  of  sediment  potential 

be  summarized in a Drift  Exploration  Potential  Matrix (Fig- 
fordrift  exploration study. Collectively, all  the  variables  can 

ure 2-5). 

colluvial  veneers or morainal  veneers  which  directly  overlie 
Very high  potential (I) deposits  include  bedrock  and 

bedrock.SuchdepositsareusuallylessthanameUeinthick- 
ness and are  derived  from  bedrock  within  a  few  tens of me- 
tres. As  a  first  derivative  product, the history of the sediment 
and  clasts  since  erosion is easily  interpreted. Similarly, geo- 
chemical  and  pebble  results are easy to interpret.  The  second 
category  of high potential (11) deposits  to  sample in order of 
preference  consist of colluvial  blankets  over  bedrock,  col- 

DRIFT EXPLORATION POTENTIAL MATRIX 

I I1 111 IV v 

Figure 2-5. Drift  exploration  potential mairix shows  the  relation- 

units,  generalized  sediment  thickness,  estimated  sediment trans- 
ship  between  the five drift potential  categories,  types of terrain 

port distances,  number of derivative  phases, and interpretation 
capabilities  for  genetic  history  and  sample  results. 
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luvial veneers over  moraine  and morainal blankets. Collu- 
vial blankets over  bedrock differ from veneers over bedrock 
only in total thickness of the deposit (1 m but rarely 3 m)  as 

metres. Colluvial veneers  over moraine are usually thin, so 
distance to bedrock  source  is still in  the  order of tens of 

that the  underlying  diamicton  can be sampled as a first de- 
rivative product. Transport distance is  often in the order of 
tens of metres. Finally, morainal blankets, which normally 
consist of supraglacial  and basal till facies, are good sedi- 
ments  to sample. Although  sediment  thickness often ex- 
ceeds a metre, bedrock source is close, usually in the order 

the transport history since  erosion for these three sediment 
of tens or hundreds of metres. As  first derivative products, 

associations is easily interpreted, as are geochemical and 
clast analysis results. 

Terrain units of moderate potential (111) include some 
first  and second derivative products which consist of com- 
plex associations of colluvium and morainal sediments. De- 
posits are moderately thick, often  in  excess of IO metres and 
distance  to  bedrock source can be tens  to hundreds of me- 
tres. Interpretation of both the history of transportation and 
analytical results is generally moderately easy. The fourth 
category of low potential (IV) deposits consists ofglacioflu- 
vial and  fluvial sediments. These second and third deriva- 
tive products often  overlie till or  bedrock  and  are variable 
in thickness. The added phase of transportation increases 
distance to  bedrock source so that transportation in the  order 

possible. Interpretation of the sediment history since initial 
of hundreds of metres is common although tens of metres is 

bedrock erosion  is difficult as  is  the interpretation of the 
analytical results. The final category represents the very low 
potential  deposits  (V)  consisting  of  glaciolacustrine, 
glaciomarine, lacustrine, marine,  eolian, organic and  an- 
thropogenic deposits. As these terrain units  often overlie 
complex  sequences of other sediments, total deposit thick- 
ness can be in  excess of ten metres. The third and fourth 
derivative  products  in  this  category  have  very  complex 
transport histories and, as such, distance  to bedrock source 
can be several kilometres, although short pathways as little 
as tens to hundreds of metres  are encountered. In many  cases 
analytical results  are  very  difficult  to interpret. 

Drift Exploration Potential maps contain fewer poly- 
gons and simplermap  unit  symbols than their corresponding 

terpretation, field observations, sample analyses and sedi- 
surficial geology maps. They combine aerial photograph in- 

relative  confidence  with which samples from different map 
ment  deposit  theory to provide a predictive tool for  the 

ranked to  provide  the best possible opportunity for the suc- 
units can  be  traced  to their bedrock source. Map  units are 

cess ofa  sampling program to find the origin ofa  geochemi- 
cal  anomaly  or exotic boulder train. 

CASE STUDY 

in  NTS  sheets  92L/6  (Alice  Lake)  and  92L/1 I (Port 
Quaternary geological investigations were undertaken 

McNeill)  as  part of an integrated resource assessment pro- 

Figure 2-6). The  objective of the Quaternary geology as- 
gram on northern Vancouver Island (Panteleyev ef al., 1994; 

pects of the project was to provide surficial gt:ology data 

Figure 2-6. Location  map ofthe 1993 northem Vancouver 
Island  surficial  geology  field  project. 

that would be useful in  expanding current areas of explora- 
tion  as well as  stimulate  long-term exploration activities 
(Bobrowsky and Meldrum, 1994a, 19944  1994~) Surficial 
mapping, drift  sampling  for geochemistry, pebble lithology 
analysis,  facies  analysis  and  paleo-flow  docurlentation 
characterized much of the drift prospecting projec t.  As part 
ofthe data  managementprogram,  aGeographic 1n:’ormation 

age called Terra Soft. 
System (GIS)  was  adopted; specifically, a commer:ial pack- 

Terrain geology maps forthe study  area were wbmitted 
to  LANDIS Incorporated for digitization (Figure :!- 1). Map 

were  first digitized, stored  as a TSF file and then imported 
data  consisting of line-work of the terrain unit polygons 

a descriptive label stored in a dBase file. The terrain unit 
into Terra Soft. Polygons were individually identified with 

descriptions for  each polygon were also entered into this 
same  dBase file. A second dBase file was create3  for 187 
sample site locations. This file contained UTM coordinates, 
geochemistry results  for  42 elements, pebble lithology and 
textural  data.  Both  files  were  interactively  ma,lipulated 
within Terra Soft  to  process data. 

One product of the study involved the simplification of 
terrain  maps to generate DEP maps  (Meldrum  and Bo- 
browsky, 1994a, 1994b; Figure 2-7). The illustwted DEP 
map is a derivative product of the terrain map shoWn in Fig- 
ure 2-1. The very high potential areas (category I)  in the 
comers ofthe DEP map correspond to  high-reliefsreas con- 

rock. Category I1 high potential areas tend to bordcpr the first 
sisting of bedrock outcrop and colluvial veneers over bed- 

category regions and represent blankets of morainl: and col- 
luvium. A very small region supports moderate potential 
(111) deposits in the centre ofthe  map sheet and reflccts some 
small but complex  sediment  associations. Low potential 
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Figure  2-7. Drift Exploration Potential map for NTS 92Ull (Port  McNeill  area), adapted from  Meldrum  and  Bobrowsky  (1994b). All 
five  potential categories are represented by sediments on this derivative map. Most of the drift samples obtained in 1993 in the  west half 
of the sheet  corresponded  to  the  very high to moderate potential terrains.  Arrows  indicate ice flow direction. See Legend  Details. 

glaciofluvial  and  glaciolacustrine  deposits in category IV 

the  map  sheet  eastwards  from Rupert Inlet. Finally, category 
are  distributed  along an east-west belt through  the  centre of 

V glaciomarine,  anthropogenic  and  organic  deposits paral- 
lel  the  coastal region of the study area. Paleo-flow directions 
illustrate  a  dominant trend to the  west and north-west. As 
sampling during  the 1993 field season was restricted  to  the 
western half of the  sheet,  the majority of the samples  were 
obtained from  deposits  categorized  as very high  to moderate 
potential.Geochemicalresultsandlithologica1datacannow 
be related to  the  bedrock  map using the GIS. Data manipu- 
lations  also  allow  interactive  queries of point locations and 
regional trends for  geochemical  anomalies and  significant 
pebble trends. 

CONCLUSIONS 

ping data can be used to design  drift sampling programs. 
Quaternary geology  principles  and  basic  surficial  map- 

Information  regarding  sediment  genesis, thickness, cycles 
of deposition and ability to  derive bulk and pebble samples 

can be  combined  to  generate  interpretive  maps we term Drift 
Exploration PotentialMaps  (DEPmaps). Staff with theBrit- 
ish  Columbia  Geological  Survey  Branch  have now used 
these  maps in study areas  on the  coast  and in the interior of 
the province. 

"he general principles  outlined  here  apply  to  all  levels 
of mapping, however, the  specifics  and  categories of the 
matrix discussed in this paper  will  change  depending  on  the 
scale of the  map.  The  accompanying matrix applies  only to 
150 OOO scale maps, so the matrix and  principles  of  catego- 
rization can be applied  to any other  terrain  map of a  similar 

rection of the  sampled  sediment,  whether  from  pebble  fabric 
scale. One  important  aspect is knowledge  of paleo-flow di- 

data in till,  crossbedding in outwash, or striae  on  underlying 
outcrop. Although  some pal-flow directions are  often il- 
lustrated on  a map,  detailed paleo-flow must  be  determined 
at each station  during  sampling.  Complex  flow  vectors re- 

example,  a  down-slope  component in colluvium may be 
sult by compounding  several  cycles of transportation.  For 

till.  Because  any  number of compounded  flow-vector paths 
overprinted upon  an oblique ice-flow direction  found in the 
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may occur, generalizations  on  the  shapes,  size and orienta- 
tions of geochemical and clast  anomalies are inappropriate. 
Finally, it is critical that samples from different terrain units 
not  he compared in  the  analysis of any  data set obtained 
during  drift studies. Although, several types of deposits can 
occur within any  single "potential" category, this associa- 
tion  does  not imply genetic affinities in the sediment. 

LEGEND DETAILS 

VERYHIGH  POTENTIAL (I) 
Consists of bedrock and some first derivative terrain 

units  such  as till veneers and colluvial veneers (4 m thick) 
over bedrock. Terrain units have a simple genesis, deposits 
are very thin and transport distance  is minimal. Sediment 
and clasts  in  these units are generally close to  their bedrock 
source indicating short down-ice or down-slope transport 
distance, generally on the order oftens of metres. Origin and 
post-erosive history for sediment  in this category is very 
easy  to  interpret. In general, the  interpretation of results 
from geochcmical and pcbblc samples from these units is 
very easy. 

Mv which is material deposited directly by actively 

which  are  materials produced  by  the  rapid  down-slope 
moving or stagnating glaciers (various facies of till) or Cv 

movement of dry, moist or saturated debris derived from 
suriicial morainal material and/or bedrock falling, toppling, 

category occur as thin mantles of material which have no 
sliding or flowing. All unconsolidated sediments  in  this 

constructional form of their own, but  derive  their surface 
expression  from  the  topography of the  underlying  unit 

nor irregularities of the  underlying surface, are generally 
which is assumed to he bedrock. The  sediments reflect mi- 

between 10 and 100 centimetres  thick, and outcrops ofthe 
underlying bedrock are common. 

HIGH  POTENTIAL (II) 

till blankets and colluvial blankets orcolluvial veneers over 
Consists of some  first derivative terrain units including 

till ( 4  m thick). Terrain units have a simple genesis, depos- 

and clasts  in  these  units  are usually close to their bedrock 
its are thick and transport distance is moderatc. Sediment 

port distance  is generally on  the  order oftens  to hundreds of 
source, hut given greater thickness of some deposits, trans- 

metres. Origin and post-erosive history for sediment in this 
category is easy to interpret. In general, the interpretation of 
results from geochemical and pebble samples from these 
units is easy. 

Mb  which  is  material  deposited  directly by glaciers 
(various  facies of till) or Cb which are materials produced 

rated debris derived from surficial morainal material and/or 
by the rapid down-slope movement of dry, moist or satu- 

bedrock falling, toppling, sliding or flowing. All unconsoli- 
dated sediments  in this category occur  as thick mantles of 
material which derive  their surface expression from the to- 
pography of the underlying  unit  which  is usually not bed- 
rock hut probably till in the case of colluvial cover. The 
sediments mask minor irregularities in the underlying unit 
and are generally greater than 1 metre thick. 

MODERATE POTENTIAL (III) 
Consists of some first derivative terrain units including 

complex deposits of till and colluvium which may have un- 
dergone a second phase oftransport. Composite terainunits 
are common  and therefore units have a complex genesis, 

tance  is moderate. Sediment and clasts in these unts can he 
deposits are generally thick (>IO m thick) and tramport dis- 

proximal or distal to their bedrock source and of'variable 
thickness, transport distance is usually on  the ordcr of tens 
to hundreds of metres. Origin and post-erosive history for 
sediment in this category varies from easy  to difficult to 

chemical and pebble samples from these  units  is moderately 
interpret. In general, the interpretation of results from geo- 

easy to difficult. 

or in varying combinations, hut  underlying units are vari- 
Mv, Mb, Cv and Cb units  same  as above, either alone 

able and not easy to verify or interpret. All unconwlidated 
sediments in  this category occur  as veneers or blankets, gen- 
erally masking underlying topographic irregularities and to- 
tal thickness is usually greater than 10 metres. 

LOWPOTENTIAL (Iv) 
Consists of some second and third derivatike terrain 

units including glaciofluvial and fluvial dcposits. Tcrrain 
units in this category have a complex genesis, deposits are 
ofvariable thickness (>IO m thick) and transportdNstance is 

to their bedrock source, indicating  two or more phases of 
large. Sediment and clasts in these units are generally distal 

erosion  and transportation, with transport distances usually 
on the order of hundreds of metres, but also tens of metres. 
Origin and post-erosive history for sediment in this category 
is difficult to interpret. In general, the interpretation of re- 
sults from geochemical and pebble samples from these units 
is difficult. 

FG are materials deposited in association with glacier 
ice; generally consisting of sand and gravel and scmetimes 

ture and shape are variable; includes all types of outwash 
showing evidence of ice melting. Sorting, stratification, tex- 

and ice-contact deposits. Fare materials transported and  de- 
posited by rivers, alluvial materials; generally consisting of 
gravel, sand, silt and clay. Gravels  are  often well munded, 
contain interstitial sand, sediment is usually well sorted and 
stratified, includcs flood plain, terrace, deltaic, and some 
alluvial fan deposits. 

VERYLOWPOTENTIAL (v) 

units including glaciolacustrine, lacustrine, eolian, organic, 
Consists of  some third and  fourth  derivative terrain 

anthropogenic, marine and glaciomarine deposits. Terrain 
units in this category have a  complex genesis, deposits are 
of variable thickness (10 m thick), transport dista~lce from 
original bedrock source  can he very large and underlying 
units are variable in nature. Sediment and clasts in these 
units are generally very distal to their bedrock source indi- 
cating three or more phases of erosion and transportation, 
with transport distances usually on the order of hundreds to 
thousands ofmetres hut  also tens of metres. Origin and post- 
erosive history for sediment in this category is very difficult 
to interpret. In general, the interpretation of  resdts from 
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geochemical and pebble samples  from  these  units is very 
difficult. 

Lare sediments deposited in lakes or reworked by wave 

and well sorted sand, silt and clay. L are lacustrine  sedi- 
action around lake  shorelines; general1 consist of stratified 

ments that were deposited in lakes associated with glacier 
ice; generally consists  of  stratified and well sorted sand, silt 
and clay. E are eolian materials transported and deposited 
by wind action; generally consisting  of  medium  to fine sand 
and coarse  silt  that is well sorted. 0 are  organic  materials 
resulting  from  the  decay  of vegetative materials. Ware sedi- 
ments deposited by marine waters or reworked by wave  ac- 

and stratified  gravel, sand, silt and clay. WG are sediments 
tion along  marine  shorelines;  generally consisting of sorted 

deposited in  a marine  environment  in  close proximity to gla- 
cier  ice; generally consisting of poorly sorted stony marine 
drift. 
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GLACIAL  GEOLOGY  APPLIED  TO  DRIFT  PROSPECTING 
IN BUTTLE VALLEY,  VANCOUVER  ISLAND 

Stephen R. Hicock, University of Western Ontario "- 

INTRODUCTION 
Thispaperpresentsanexample oflow-elevation, alpine 

glacial  ore  dispersal  along a large  finger  lake  (Hicock, 

occupied by lake water  at 2 15 metres elevation and flanked 
1986). Buttle Valley is a long, narrow glacial trough now 

was  traced  in till from  the  source of the ore at the Westmin 
by mountains up to 2200 metres  above  sea level. Dispersal 

Resources  Limited Lynx orebody on the north side of Myra 
Creek (central Vancouver Island; Figure 3-1) into and along 
the  west  side of the main  Buttle valley. The ore comprises 
massive kuroko-type sulphides  (Cu, Zn, Pb, Au, Ag,  Cd) 
hosted in  the seritic schist of the  Myra Formation (Muller 
1981). 

Locally, the  till  is up  to 8 metres thick, commonly stony, 
sandy, fissile, compacted and truncates underlying sandy to 
silty glaciolacustrine sediments. The till contains lenses and 
blocks of the glaciolacustrine sediment and striated boulder 

rounded, striated and faceted. Sub-till sediments and bed- 
pavements;  its  stones  are  mostly  locally  derived, sub- 

rock are  often brittly deformed and display striated surfaces 
in places. These criteria indicate that the till was formed 
mainly by plastering under dynamic glacial ice and is clas- 
sified as lodgement till. Lodgement till was sampled in  this 
study, because it is mainly locally derived, first derivative 
material and, therefore, usually the best for  tracing ore dis- 
persal by glacial transport. The till is  overlain by deltaic, 
alluvial and  colluvial deposits. 

This  paper  consists of three parts. First, a section on 
useful methods for determining the direction of ice flow is 
presented. Knowledge of the ice-flow direction is essential 
for  tracing  ore  anomalies  in  till  back  to source in drift ex- 
ploration programs. This section is followed by a brief ex- 
amination of geochemical analyses of till matrices which 
reveal the character of the dispersal train. Finally, a list of 
conclusions regarding  this  case study is offered. 

GLACIAL MOVEMENT CRITERIA 

the study area. Examples and discussion of several of these 
A variety ofpaleo-ice-flow indicators were observed in 

are presented below. 

BEDROCK 
LARGE  SCALE  (TENS TO HUNDREDS OF 
METRES) 

ice flow responsible for  their formation. In planview (Photo 
Roches  moutonn6es (Photo 3-1)  give the direction of 

3-la) the  features  are  commonly  elongated,  streamlined 
rock mounds that parallel the direction of glacial flow. In 
longitudinal profile (Photo 3-lb) they have smoothed, stri- 

ated, gently sloping  ends that faced against the ics: flow (up- 
glacier or stoss sides) and steep, rough, truncated ends fac- 
ing in  the direction of ice flow (down-glacier or lee sides). 
Rock  drumlins, are essentially mirror-image fcrms of ro- 
ches  moutonnees. Their  smoothed,  striated  ends  face 
against  glacier  flow (stoss side) butare blunt and Iteep; their 
gently sloping tails point in the direction of ice flow (lee 
side). Rounded and grooved rock sills were observed at the 
mouths of some cirques  and indicate that ice flowed directly 
over the sill from the  cirque into the tributary valley below 
(Photo 3-2). 

MEDlUM  SCALE  (METRES TO TENS OF 
METRES) 

appeared as smoothed, striated edges on the down-ice (stoss 
Stoss-lee  features are very common  on outcrops and 

in  this  case) walls of fractures (P  3)  or on  the  up-ice (stoss) 
ends of rock knobs and ridges (Photo 3-3, m a h d  by solid 
triangles). Conversely, the up-ice (lee in this car-e) fracture 
walls or down-ice (lee) ends of knobs and ridges. tend to be 
jagged (rough) and steep  (Photo 3-3, arrows). Thf,se features 
were observed on outcrops  along valley sides and in valley 
bottoms. 

SMALL  SCALE  (CENTIMETRES TO MEI'RES) 

flow direction over a bedrock surface. They are nested arc- 
Crescentic  fractures  and  gouges (Photo 3 4 )  give ice- 

shaped fractures probably caused by repeated impact  on 
bedrock by clasts held in  the glacier's sole. Ice-flow was in 
the direction bisecting the concavity of fracture :arcs. These 

rock was exposed on the surface. 
features were observed in a number of locations where bed- 

A second type of small-scale feature described in the 

Broster et al. 1979; Photo 3-5) which dip in the direction of 
field are till  injections into bedrock fractures (till wedges; 

ice flow. Wet till was squeezed down into fractures caused 
by the frictional drag of over-riding ice. Displaced angular 
blocks of bedrock commonly accompany till wedges and 

displaced them. 
also indicate the direction of ice flow that dislodged and 

flow, but not the actual direction (ie. the alignment but not 
Finally, striae  and  grooves; which give the :,iense of ice 

which way;  Photo 3-6) are  also present. 

GLACIAL DRIFT 

LARGE  SCALE (TENS TO HUNDREDS 0 1 7  
METRES) 

and/or bedrock that parallel ice flow and were observed in 
Drumlinoids are  elongate streamlined ridges of drift 

high mountain passes above  Buttle  Lake  (Phcto 3-7). In 
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Figure 3-1. Topographic  and  location maps of Buffle Valley  study area. Contour  interval 150 m. 
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Photo 3-1. Examples  of  roches  moutonnees.  a)  from  the  air  in a stereo  pair,  ice  direction  indicated; b) on  the  ground,  side  view,  ice 
movement symbol indicates flow from  left to right,  man  for  scale  at  extreme  right, 
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Photo 3-2. Stereo  pair  of  a  debris-covered  rock  sill  at  the  mouth  of  a  water-filled  cirque.  Ice  flow  indicated. 

Photo3-4.Exampleofarcuatecrescenticfracturesinagranodiorite 
outcrop,  Ice  flow  was in the  concave  direction  of  the  fractures. 
Compass is 18 cm long. 

Photo 3-3. Examples  of  glacial  stoss-lee  features on a  hillside 

Man is  standing  above a glacially  quarried  fracture  with  a  plucked 
bedrock  outcrop  at Lynx open  pit  mine;  ice  flow  from  left  to  right. 

ofthe outcrop  to  the left ofthe fracture),  and  a  rounded,  smoothed, 
lee  side on the  left  fracture  wall  (the  down-glacier  end  of  that  part 

striated  stoss  side  on  the  right  fracture  wall  (which  presented  a 
surface  facing  against  glacial  flow  over  it).  Another  fracture  to  the 
left  of  the  man  exhibits  similar  stoss-lee  relations.  Bottom  points 
of black  triangles  mark  rounded,  blunt  stoss  ends of  rock  knobs 

these  features. 
and  ridges,  whereas  open mows mark  steep,  jagged  lee  ends of 

Photo 3-5. Example of  a  till  wedge  infilling  fractured  bedrock  left 
of pick  (pick is 43 cm long). Wedge  and  fractures  dip  steeply  in 
the  direction of ice  flow  (right  to  left).  Blocks  ofbedrock  have also 
been  lifted  by  glacial  ice and displaced to the  left,  on  the  right  side 
of  the  photo. 

____ 
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Photo 3-6. Striae  on  bedrock  surface in the bottom of Lynx open- 
pit mine. Stoss-lee  features  indicate  ice  flow  was  into the photo. 
Pick head (at top  of  outcrop)  is 28 cm  long. 

most cases a steeper, rounded, blunt end (marked in Photo 
3-7) indicated the stoss direction, whereas the Lee end gently 
slopes to the level of surrounding terrain. 

MEDIUM  SCALE  (METRES  TO  TENS OF 
METRES) 

Glaciotectonic  fractures and folds are caused by ice 

rock; Hicockand Dreimanis, 1985; Dreimanis, 1993). In the 
over-riding and deforming underlying sediment (and bed- 

study area  they include the following: 
Shears are  commonly  gently  dipping  listric  faults 

(Photo 3-8). They  strike transverse to ice flow; dip direc- 
tions parallel ice flow. 

Tension  fractures also strike transverse to ice flow hut 
they usually dip steeply in the down-glacierdirection(Photo 
3-9).  Where a tension  fracture  opens by continued  sub- 

glacial drag  and  is filled from  above  with till, a till wedge 
results that also dips steeply downglacier. 

trend transverse to  ice flow and  axial  planes that dip pmllel  
Folds  in suh-till silt (Photo 3-10) have fold axes that 

to ice flow  (either up or down-glacier). 

SMALL  SCALE  (CENTIMETRES  TO  METRES) 

pecially if they occur  in concentrations (ie. pavements; Hi- 
Boulders in till  can reveal ice  movement direction, es- 

cock 1991) that commonly  appear  as subhorizontal stone 

ented surface striae and stoss-lee relationships anlong stones 
lines in till exposures  (Photo 3-11) with consistently ori- 

(see below). 

ments)  with  smoothed,  striated  stoss  ends  and  rough, 
Similarly, bullet-nosedstones(notnecessari1yinpave- 

plucked lee ends  (Photo 3-12) consistently facirg the  same 
way are excellent indicators of  ice movement direction and 
usually imply till deposition  by plastering (lodgement) un- 
der active ice. 

where the stone  was ice-pressed into wet  till on the lee side 
Finally, structures  around  boulders in till may reveal 

(Photo 3-13, solid triangle), creating a cavity filled by sedi- 
ment on the stoss  side (Photo 3-13, hollow arrow). 

STONE  AND  MINERAL  PROVENANCE 
Stones  in  till  may  reveal  ice  flow  sources by their li- 

thologies.  Possible source lithologies for  till materials in 
Buttle Valley are shown  in Figure 3-2a. Provenance indica- 
tor lithologies in the study area are confined  to  the southern 
part of the valley. They include  the Myra Fornation (vol- 
canic  ash and tuffs interlayered with  chert  and zgillite) and 
especially the Buttle Lake  Formation (grey crinoidal lime- 
stone) which occurs  as thin ribbons that are verf good (re- 
stricted) sources  for indicator tracing. 

Photo 3-7. Stereo  pair  example  of a drumlinoid  ridges with three blunt  stoss  ends  marked  by  bottom  points  of  black trianghs. Ice  flow 
toward upper right. 
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Photo  3-8.  Example of shears  in  till  that  rise  gently  in  the  direction 
of ice  flow  (right  to  left).  Traces  of  shears  on  exposure  surface  are 
marked  in  five  places  by  botttom  points  of  black  triangles. 

Photo  3-9.  Example  of  tension  fractures  in till that  dip  steeply  in 
the  direction  of  ice  flow  (left  to  right).  Traces  of  fractures on 
exposure  surface  marked  in six places  by  left  points  of  black 
triangles.  Knife  is  20  cm  long. 

Photo  3-10.  Example  of  folds in suh-till  silt  caused by ice 
ovemding silt from  right  to  left. 

Photo  3-11,  Example  of  a  stone  pavement in a till exposure on  the 

points  of  black  triangles. 
west  shore  of  Buttle  Lake.  Pavement  boulders  marked  by  bottom 

Photo  3-12.  Example of a  striated,  rounded,  bullet-nosed  boulder 

cm  long. 
in  till.  Plucked  lee  side is indicated  under  black triangle. Pick is 43 

Photo 3-13. Examples of ice-press  structures  around  two  boulders 
in  till.  Curved  till-pressure  structure  (marked  by  black  triangle) 
wraps  around  the  downglacier  lower  right  side  of  the  left  boulder 
where it  lodged in till. Sediment  infilling  around  the  lower  pressure 
up-glacier  side of the  right  boulder  is  indicated  by  the  hollow 

being  lodged  into  till  while  being  released  fromovemding  ice.  Pick 
arrow.  Cavity  infilling  probably  occurred  as  the  right  boulder  was 

is 43 cm  long. 
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Figure 3-2. a) Simplified  bedrock  geology map of study  area  (modified  from Muller and Carson 1969), and  b)  comparison .+fcarbonate 
clast and matrix  abundances in lodgement till along  the  east  side of Bunk Lake. Distance  downvalley  is  measured  from  the  shoreline 
outcrop of Buttle Lake  Formation  (black in Figure 3-2a). 

Stones 0.5 to  5 centimetres in diameter were identified 
under a  binocular microscope. Selected stones were also 
thin  sectioned  and identified under transmitted polarized 

blages,  indicating  that glacial transport of the clasts was 
light. Myra  Formation  clasts  dominate the pebble assem- 

contains a  higher percentage of Myra Formation clasts than 
down-valley to the north. Till on the west side ofButtle Lake 

till on the east  side,  in which Karmutsen basalt clasts  are 
abundant. Roundness of Myra Formation clasts generally 

transport. 
increases down-valley, further suggesting northward glacial 

Buttle Lake  Formation pebbles were  found  only in east- 

outcrops of the formation, indicating northward ice trans- 
side till samples,  mainly down-valley from the shoreline 

port. Buttle  Lake  Formation indicator stones in  till permit a 
good estimation of basal glacial transport distances in the 
study  area by comparing  their proportion in pebble assem- 
blages with  abundance of till-matrix carbonate down-gla- 
cier from the  source  outcrops (Figure 3-2b). Limestonc clast 
content generally decreases northward to zero within  20 kil- 
ometres of the source outcrops, whereas matrix carbonate 
generally increases before disappearing at  about 20 kilomc- 
tres transport distance. Carbonate matrix was produced by 
comminution of carbonate clasts during basal glacial trans- 

port along the  east side of the valley. This impli(:s that soft, 
Westmin ore clasts  may also not  have survived as much  as 
20 kilometres of basal transport. Indeed, no  clasts of ore 
were found in pebble samples from anywhere  in the study 
area. 

The provenance of sand from till matrices collected on 
both sides of the lake generally reflects the mineralogy of 
local  bedrock,  which  implies basal glacial transport  and 
comminution of glacial debris down-valley. The 0.125 to 
0.250-millimetre  sand  grain  fractions  from  till  matrices 
were separated into light and heavy mineral fractions using 
liquid sodium polytungstate (specific gravity 2.90). Sepa- 
rates were then mounted in  Canada balsam, analyzed under 
transmitted  polarized  light  and  the  opaques by reflected 
light microscopy. Only two  grains of Westmi? ore were 

orebody. This  suggests  that  any ore entrained and trans- 
found in this fraction, directly down-glacier fro:n the Lynx 

ported basally was comminuted to the finest till-matrix frac- 
tion within a  short distance down-glacier of thc: source. In 
addition, detrital ore grains would have been easily removed 
by leaching in the weathering  zone  (to about 1 m helow 
ground surface), in places where  sampling  belou. the weath- 
ering  zone  was not possible. 
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Figure 3-3. Glacial  dispersal  maps  and  curves of three  detectable  metals from the  Westmin  properly.  Dispersal  was  by  the  glacial  lobe 
issuing out of the  Myra  valley  (Figure 3-1). Also  plotted is a  vertical  geochemical  profile in till  deposited  by  the  Thelwood  glacial  lobe 
near  the south end of Buttle  Lake  (Figure 3-1). 
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GEOCHEMICAL GLACIAL DISPERSAL 
OF WESTMIN ORE 

Based on lithologic  comparisons of stone  and  sand 

tary ice lobes  entering the trunk Buttle valley apparently did 
samples on both  sides of the  Myra  and  Buttle valleys, tribu- 

not mix (Hicock, 1986). Thus, glacial dispersal of Westmin 
ore occurred  along  the north side of the Myra valley (where 
the  source  orebody is located),  then  rounded the comer 
along the west side of Buttle valley. Metal concentrations 
were  found  only  in  till matrix clay  fractions ( <0.002 mm). 
The  clay fraction was separated by  centrifuging under the 

portion of metallic  ions in  the preoxidized till. Atomic ab- 
assumption that  it would most likely retain the original pro- 

sorption analyses  (complete digestions) of copper, zinc and 
lead were performed on the  clay separates. The results of 
these  analyses  and  the glacial dispersal pattern are presented 
in Figure 3-3. 

Copper, zinc  and lead indicate  that dispersal by sub- 
glacial transport was less than 20 kilometres in  the  finest 
fraction ofthe till matrices. Copper displays the highest val- 
ues (Figure 3-3a), followed by zinc (Figure 3-3b) and lead 

kilometre down-glacier from the Lynxorebody  whichprob- 
(Figure 3-3c). All three metals display a sharp peak about 1 

ably represents the head or peak of the dispersal fan. A sec- 
ond peak appears ahout 5 kilometres from the orebody, near 
the mouth of Myra Creek. Beyond this point, metal values 
decrease unevenly down  the  Buttle valley in the tail of the 
fan and eventually approach background values. These re- 
sults, together  with  the  preceding ice-flow evidence from 
bedrock  and till, confirm that glacial transport was mainly 
basal and deposition of till  was subglacial by dynamic ice 
processes (Le. mainly lodgement). 

CONCLUSIONS 
Based on this  case study in central Vancouver Island: 

Where a mineral or  geochemical anomaly is found in an 
alpine valley, it is best to  trace  it up-valley following the 

If a source of  ore is to be found, it will probably be within 
same valley side into tributary valleys. 

a few  tens of kilometres, and  the head will probably be 
directly down-valley from the source. This is supported 

fan in till in  northem Ontario (Hicock and Kristjansson, 
by another  study of a subglacially dispersed geochemical 

1989). 
Geochemical  prospecting is the best method for explora- 
tion, because soft  ore will probably be glacially commi- 

nuted to the finest till material (<0.002 mm)  over a short 
distance  from  the  source,  and  surviving  mineralized 
grains may be leached from  the  weathering zone. 
Glaciotectonic deformation structures  are useful for de- 
termining ice-flow directions. They  can  be mcsre reliable 
than stone orientations (long axis fabrics) in  tills that are 
susceptible  to  postglacial reorientation by mass move- 
ments on mountainsides. 
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DRIFT-PROSPECTING  SAMPLING  METHODS 

By Alain Plouffe, Geological Survey of Canada 
(Geological  Survey of Canada,  Contribuiion 34093) 

”- 

INTRODUCTION 
Most  orebodies  in  Canada have been found  in areas 

where  bedrock is near  the surface or where outcrops are 
abundant. Unfortunately, much  of Canada is covered by 
thick  deposits of unconsolidated sediments, so there is an 
increasing need to  conduct mineral exploration in drift-cov- 
ered areas. Because  much of this  sediment  was transported 
glacially over a short distance from the bedrock sources, 

tool in  the  geochemical  and  indicator mineral tracing of 
drift  sampling  methodologies have become an important 

mineral deposits. 
In contrast  to soil sampling, where leached and oxi- 

dized  samples  from  the  B-horizon  are  intentionally  col- 

unleached sediments  which  more closely represent the pri- 
lected, drift prospecting, as defined here, attempts  to  sample 

sampling is utilized if: subtle geochemical anomalies related 
mary composition of the bedrock from a source area. Drift 

provenance of soil  parent materials, as indicated by mineral 
only  to clastic dispersal of mineral grains  are sought; the 

grains and rock fragments, is  to be determined; or if indica- 
tor mineral tracing  methods  are required. Drift samples are 
often  taken from the C-horizon at  depths  of.0.75 metre or 
deeper  in  order  to  obtain material which  has  not  been ef- 
fected by soil formation, which has not  been leached of car- 
bonate,  and  in  which  mineral  grains Nave not  been 
significantly altered. 

Till and  glaciofluvial  sediments  are most commonly 
sampled during  drift prospecting because they most often 
reflect  composition of a source  area.  Till,  composed of 
crushed bedrock and reworked older sediments, can  be rec- 
ognized by a suite of diagnostic criteria. As a sediment di- 
rectly deposited from glacier ice, S h i h  (1993) refers to till 

position of till can usually he related to the ice-flow history. 
as the first derivative  ofbedrock. This implies that the com- 

transported by ice and later by glacier meltwater, are con- 
Onthe other  hand,  glaciofluvial sediments, which  were first 

two or more  cycles of transport. The  sampling methods re- 
sidered second  derivative products of bedrock; reflecting 

viewed here are applicable  to  both  sediment types. 

with  the  intent of defining  the shape, extent and eventually 
In  drift exploration, samples  are collected in an  area 

the  bedrock  source  of a geochemical  dispersal  train 
(DiLabio, 1990; Shih ,  1976; 1982; 1984). Local conditions 
(surficial sediment  thickness, topography, accessibility) and 
theprimaryobjectiveoftheexplorationprograrnwilldictate 
the  choice of sampling methods. 

Drift  prospecting may he successfully applied ifthe ge- 
netic classes of the sampled sediments  are properly identi- 

B-horizon). Therefore, sampling is a crucial stage of an ex- 
fied,  and  sample  collection  is  consistent ( e .g  helow  the 

ploration program, having  cumulative  effects on analytical 
methods and interpretations to  locate mineralization. The 
purpose ofthis paper is  to present  and  describe th,: five most 
commonly used overburden sampling methods, followed by 
a brief  discussion on the  advantages  and disadvantages of 
each. These methods are hand excavation, trenching with a 
mechanical  excavator (e.g. a backhoe),  and drilling with 
portable, reverse-circulation and  sonic drills. A summary of 
information is given in Table 4-1. 

HAND EXCAVATION 

method to  collect surficial sediment  samples.  It i:i very effr- 
The use of a pick and a shovel  is certainly the simplest 

cient in ditches along forestry roads  where the org anic cover 
and part of the solum have often  been removed during road 

natural exposures below ground surface, pits can generally 
construction  (Photo 4-1). In areas which lack xltural  or 

be  dug  to a depth of about 1 metre with limited environ- 
mental damage. Depending on the local conditions, this may 

forestry  roads in central  British  Columbia  (GSC-1993.281  -C). 
Photo 4-1. Example  of a till  section commonly exposed  along 



FEATURES  OF  SUBSURFACE  SAMPLING  METHODS 
TABLE 4-1 

be deep  enough  to reach unleached and unoxidized sedi- 

hand  augers, in areas  where large clasts  are  not abundant. 
ments. Hand  trenching  can  occasionally be augmented  with 

In this sampling method, as with all  others,  samples 
must be large enough to yield sufficient  material for geo- 

often be limited by  accessibility ( ie .  the  number  and  amount 
chemical  or  mineral  indicator analyses. Sample  size  will 

of samples which can be back-packed to the nearest road, 
lake or helicopter pad). 

of distinguishing  between  various  sediment types. Proper 
Sampling  should  only  be  done by individuals  capable 

notes must  be  taken (e.g. depth,  texture, colour, oxidation 

the  interpretation of the analytical  data. As part of the  sam- 
level,  mineralized  clasts,  lithologies efc.) which  will  aid in 

rock surfaces  and  unique  boulder  lithologies,  which  can 
pling program, notice  should be given  to  striations on bed- 

then be related to  a  specific  source  indicating  a  direction  of 
glacial transport. Similarly, in areas  of  good till exposures 
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TRENCHING 

Photo 4-2. Till  fabric: to measure the orientation  of  elongated 
pebbles in the  till, a pencil in this  case,  was  placed  parallel to the 
long  axis.  Its  trend  and  plunge  are  measured with a compass. 

ofpebble orientations in the till; Photo 4-2) should be meas- 
(along a river, a creek or a road), till fabrics (measurement 

Nenonen, 1990). 
ured, and pebble counts  should be obtained (cl: Hirvas and 

interval. The  distance between every sample  is dependent 
One  common problem is  to determine the best sample 

on the size ofthe anomaly expected in the till. For example, 
most studies on gold dispersal trains show that distances of 
transport of detectable material are rather short (Table 4-2). 
Consequently, ifthe source  is thought to  be small (e.g. veins 
a few  metres  wide) and as  two or more consecutive samples 
are required to define any anomalous areas, samples should 
probably be spaced less than 100 metres apart. 

sampling stage. Apart from contributing information about 
Air photo interpretation should clearly complement the 

the glacial history, it  can be used to identify areas suitable 

thick glaciolacustrine  sediments or organic deposits should 
and unsuitable for sampling. For instance, areas covered by 

be avoided. 

which can  represent a major impediment to a successful ex- 
The  depth of hand-dug pits is a serious limiting factor 

ploration program conducted in areas covered by thick drift. 
For those areas, other  methods  are  more appropriate, such 
as trenching and drilling. 

TABLE 4-2 
REPORTED  DISTANCE OF GOLD  TRANSPORT IN 

TILL IN SELECTED  REFERENCES 

Reference 

DiLabio (1982) 600 and 1900 n, 
Sopuckelal. (1986) less than 500 m 

Stewatt and Van Hees (1982) 
Sauerbrei e t a / .  (1987) 

Parent 1199m dnnn 

tors, are widely available in Canada. These machines can 
A variety of excavator types, mounted on tracks ortrac- 

dig  trenches from 3 to 5 metres deep, which they1 pennits 
profile sampling units  at  greater  depth (Photos 4-3 and 4-4). 
Interval sampling  till at different depths may be  inportant, 
especially in areas of thick till accumulation, as dispersal 
trains are generally relatively thin (DiLabio, 1990). The best 
sampling results will be achieved in areas where surficial 

reachable depth of most digging devices). In areas of explo- 
sediment  cover  does not greatly exceed 5 metrer (i.e. the 

ration where sediment  exceeds 5 metres  in thickn:ss, over- 
burden drilling (see below) would be more appropriate. 

The mobility and manoeuvrability ofheavy digging de- 
vices will depend on topography, nature of the twain, and 
the experience of the operator. Roads or trails art: not nec- 
essary  but in their  absence,  the  environmental impact is 
more severe. Narrow  trenches  to  depths  greater than 2 me- 
tres  can represent a serious hazard to workers. Trench walls 
are unstable and dangerous. Special care should b: taken to 

the workers if they must descend into the tren(:b. Wider 
support walls with timbers or to use a metal cage lo protect 

trenches can  be  excavated by stepping the slope if detailed 
work has to be done  at a particular  site (e.g. till fabric or 
detailed sampling). Samples  can  be collected by the back- 
hoe  as  the trench is dug. This practise is common in areas 
prone  to collapse or areas with high water tables. 

The  cost of renting an excavator  varies regionally and 

average $50.00 to $100.00 per hour, and mobilization costs 
depends also  on  the  type of machine that is required; costs 

are  often supplementary. 

PORTABLE DRILLS 
A wide variety of portable drills are available on the 

market. The  most  common  ones  are the Cobra, PionjXr and 
Vibra Corer (percussion) (Photos 4-5 and 4-6) and the Stihl 
(rotary; Photo 4-7). Veillette and Nixon (1980) present a 
good overview of portable drilling  equipment suitable for 
drift exploration. Their report also  contains technacal infor- 
mation about portable drills and planning o f a  drilling pro- 
gram  with  this  type of equipment.  Good  results  can be 

vironmental damage  is sevcrely restricted, where unconsoli- 
achieved with portable drills, especially in areas where en- 

dated sediment  is  to be sampled underneath a veneer ofsand 
and silt or where large clasts  are  rare. For traverses, a three- 
person crew is usually necessary to cany the drill, the rods 
and rod puller to  extract rods from the hole. 

Although the maximum depth of penetration claimed 
by the manufacturer may be promising, practical results can 
be disappointing. For most drift prospecting proj:rams, till 
has to be sampled and this  sediment type is commonly boul- 

till cannot be penetrated or overpassed by portable drills. 
dery and cobbly. A boulder or a large cobble em'xdded in 

Consequently, several attempts may be necessarr  to reach 
the desired depth of sampling. Nevertheless, a depth of 44.8 
metres (1 48 feet) in fine sand and silt has been atkined with 
some portable drills (J. Archibald, personal commmication, 
1993). The rate at which a portable percussion c.rill pene- 
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Photo 4-3. Two-metre  deep  trench  dug  down  to  bedrock.  Note 
the  excavator in  the  background. 

Photo 4-5. Cobra  drill  (GSC203205-J). 

Photo 4-4. Backhoe  (GSC-1993-277-A). 

Photo 4-7. Stihl  drill  used by GSC in the  high  Arctic  for 
permafrost  sampling  (GSC  202921-H). 
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trates hard compacted sediment (e.g. till, dry varved clay) 
may be slow. However, according  to Archibald eta/. (1 983) 
who tested the Vibra-Corer, the greatest amount of field time 
was  spent  on retrieving the drill rods, recovering the sample 
and reinserting the  drill sections into the hole. They also 
indicated that the penetration rate is dependent on the mois- 
ture  content of the sediments. 

Different types of sampling  devices  can he installed on 
portable drills: piston, split-spoon or flow-through sampler. 
For most of these the samples  are small and disturbed to the 
point where it is difficult to distinguish between crushed 
bedrock and till. If a large sample is needed, as  for indicator 
mineral separations, more than one hole must be drilled. 
With the flow-through sampler,  contamination of the bit 
withmaterialfromshallowerdepthisalsopossib1e.Bedrock 
samples  can  be collected at the bedrock-sediment interface 
with portable percussion drills only in areas where the bed- 

consolidated  sediments can be established with  portable 
rock is crushed, loose or weathered. The stratigraphy of un- 

drills, but  requires  the recovery of material for every depth 
interval equivalent to the length of the  core barrel or sam- 
pler. 

month. On the other hand, a Pionjar can be purchased for 
Portable  drills  can be rcnted at the cost of $800 per 

about $5000 (Table 4-1). Other types of semi-portable drills 
not  discussed  here  have  been  developed by geologists, 
mostly for  work in high  Arctic regions (Veillette, 197Sa, 
19754  1975~). Thesedrills would alsoproveuseful  fordrift 
prospecting in  the  Cordillera. 

REVERSE CIRCULATION 
At  a  more advanced stage of exploration, when  a sig- 

nificant  geochemical or geophysical  anomaly  has  been 
identified,  controlled  overburden  drilling is appropriate. 
Many projects use diamond drillingtopiercethe overburden 
(generally without  sampling it) in  order  to gain the needed 
information about the bedrock. Bedrock can only be sam- 
pled where  the drill bit  makes contact with the subcrop. In- 
stead,  an  overburden  drilling  method  which  allows 

the hole is preferred. In this case, data (geochemistry, lithol- 
sampling of both bedrock as well as till at different levels in 

ogy,  mineralization  etc.)  gathered  are  not  only  repre- 
sentative of the site of drilling but also provides information 
regarding the up-ice-flow direction. 

In 1970, during exploration for volcanogenic massive 

Bradley Brothers Drilling designed the first revcrsed-circu- 
sulphide (VMS)deposits, Texas GulfSulphur Company and 

lation drill for sampling till in areas covered by thick drift 
(Averill, 1993). Three years later, a small copper deposit 

ing the same technology (Thompson, 1979). Later, other im- 
(Currie-Bowman) was discovered by another company us- 

portant  discoveries  were  facilitated  with the use of the 
reverse-circulation drill: Gulf Minerals' Collins Bay B and 
Eagle Point uranium deposits in the Athabasca Basin, Sas- 
katchewan and Inco's Golden Pond deposits in the Casa- 
Berardi gold district, Quibec (Sauerbrei et al., 1987). 

Photo 4-8) uses dual-tube rods in which water and com- 
The  reverse-circulation rotary drill (Figure 4-1 and 

pressed air  are carried down the hole in the annulu!: between 

to the surface through the inner tube. Cutting at the bottom 
the outer and inner pipe. The drill cuttings arc  thal brought 

of the hole is accomplished by a tricone bit which is  :spe- 
cially designed (Photos 4-9 and 4-10) to direct the com- 
pressed water-air mixture, through ports, directly into the 
bit. Other drill bits, such  as  the  4 '/x used for rock drilling 
are not a good substitute, as  water is deflected wound the 
bit resulting in  sample  carryover (Averill, L993) Because 
the process does  not involve coring, drilling car be com- 
pleted without having to pull rods and re-enter the hole to 
recover the core samples. 

As drill cuttings are returned to  the surface, lhey cnter 
acyclone(Photo4-1l)whichreducesthewatervelocityand 
permits the sampling of thc slurry which passes through a 

According to testing by Overburden Drilling Management 
sieve. A two-bucket retention system is used to retain fines. 

proximately 30% of the silt is lost. In the case orgold ex- 
(Nepean, Ontario), at this stage, most of the clay and ap- 

ploration, where  a large fraction of the gold is known to 
rcside in the silt size fraction, this factor has to be aken into 
account in the interpretation of the results. 

Recovery is generally good in all varieties of sedimcnts. 

hole,  prior  to  the  formation of a  sediment seal (Averill, 
Sample loss typically occurs in the first I to 3 mc:res ofthe 

1990). Nevertheless, such sediment loss can be avoided with 

tion. 1993). 
good drilling practices (SA. Averill, personal co~nmunica- 

the single chance to describe sediment types as thc drill rap- 
The type ofsample returned to the surface (slurry) and 

terpretation. Although it is possible to decipher the surficial 
idly penetrates the ground, complicates the stratigraphic in- 

sediment stratigraphy, the quality of the intcrpretation is 

experienceoftheon-site  Quaternarygeologist.  Crlteriasuch 
strongly dependent on thc expertise of the drillcr and thc 

as lithology type and percentage content, particl: size and 
colour of the matrix, and behaviour of the drill rods can all 
serve to improve interpretation. 

drills, till samples should bc collected over depth intctvals 
With the rotasonic (see below) and reverse-c irculation 

of 1 to  1.5 metres because: dispersal trains arc u!:ually thin 
(DiLabio, 1990); till units vary in thickness from one  to tens 
of metres; and the variability of the gold content in the till 
through two or more consecutive samples  can he uscd to 
distinguish between anomalous and background gold con- 
centrations (Averill, 1990). 

or reverse-circulation drills fiom thc tungsten and cobalt 
Contaminationofsamples may occurwith thc: rotasonic 

present in the tungsten carbide buttons of the bit!. and from 
the nickel and molybdenum present in the steel (Averill, 

a problem if geochemical analyses are done  on :?ne grain- 
1990). The  grease used  on the drill rods can alsc: represent 

size fractions. Some brands contain high lcvels of copper, 

on two kinds of grease suitable for drilling (Tabl,: 4-3). 
lead or molybdenum. Averill e f  01. (1986) reported analyses 

gold particles with a reverse-circulation drill, f r , m  buried 
Levson el al. (1993) report results on the recovery of 

placer deposits using low level radioactive gold particles 
(radiotracers). Four sizes of gold radiotracers inchding 0.18 
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Figure 4-1. Schematic  cross-section of a  reverse-circulation  drill;  modified  from  Averill  (1990). 

Photo 4-8. Reverse-circulation  drill  mounted on a  Nodwell  to drill 
through a frozen  l&e  surface  in  Qu&c (GSC-1993-267-0 

Photo 4-9. From left  to  right: (1) 4 718 tricone  bit, (2) tricone  bit 

and (4) rotasonic  casing bit (GSC-1993-267-E). 
specially  designed  for  overburden  drilling, (3) rotasonic  coring  bit 
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Photo 4-10. Closer  view  at W o  kinds of tricone bits. Left: 4 718 
tricone  bit;  right:  tricone  bit  with  ports  designed so that the com- 
pressed  water-air  mixture goes directly  into  the  bit  (GSC-1993- 
267-G). 

Photo 4-1 I. Cyclone  used to decrease  the  velocity of the sluny 
returned  from  the  reverse-circulation drill. Notice the sieve placed 
underneath the cyclone  (GSC-1993-267-H). 

millimetre (-65+100 mesh), 0.36 millimetre (-35-48  mesh), 
0.72 millimetre (-20+28 mesh) and 1.44 millimetre (-10+14 
mesh) were mixed with gravel, frozen, then in;erted into 

pacted into the  hole  prior  to re-drilling. Presence of radio- 
four holes previously drilled. Gravel was dumped and com- 

active gold particles was determined with a scir,tillometer. 
Recovery among  the four holes varied  between :! and 98%. 
Determining gold recovery by this method was geatly ham- 
pered  by the caving of open holes, which  interfersd with the 
placement ofthe test samples. Some gold particlm were lost 
by spillage and blow-by around the collar ofthe hole or were 
recovered  from  the  hose  fittings  and  sampling  cyclone. 
These  results indicate that some gold grains may be lost 
during drilling. However, more  research  has  to be done  to 
improve the methodology used to  evaluate gold grain recov- 
ery  with a drill. Only then will it  be  possible  to  evaluate the 
amount of gold grain loss. 

Recent  figures  for the cost of reverse-circulation drill- 

a project having a hole spacing of  300 to 400  metres  are 
inghave beenpublished  byAverill(l990).  Drillirlgcostsfor 

$220  to  $240  per  hour plus mobilization or $45  to $60 per 
metre. 

ROTASONIC DRILLING 
The rotasonic drilling method (Figure 4-2) uses a com- 

bination of high frequency  (averaging 5000 rpr?) resonant 
vibration and rotation to  recover  continuous &e-diameter 
(9 cm)  cores  of unconsolidated surficial  sediments (Smith 
and Rainbird, 1987). No drilling fluids are neederl for coring 
overburden, except  when large boulders or bedrock  are en- 
countered. Sediment is cored  with  tungsten  cart’ide fronted 
bits into 14.8 centimetre O.D. core barrels. Casing is flushed 

the borehole walls. After the  core barrel is pulled to  the sur- 
down  to  the level of the  core barrel to prevent collapse of 

face,  cores are retrieved  in plastic sleeves I.!; metres  in 
length (Photo 4-12). These steps are repeated cntil the de- 

be constructed in advance. They  can be made of 3/4 or 5/8 
sired depth is reached. To store cores, wooden boxes should 

used 1 x 6 inch spruce  lumber to make boxes with inside 
inch thick plywood or spruce lumber. Averill el al. (1986) 

dimensions  of 12.1 x 14.0 cm.  Although  the  drill  is  not 
meant for bedrock drilling, bedrock cores can bf: recovered. 
Averill et al. (1986) discuss in more detail operltional pro- 
cedures  to achieve the best production rate a n d  sample re- 
covery in different sediment  types  with a rotascnic drill. 

METAL  CONCENTRATIONS IN TWO GREASES 
TABLE 4-3 

1 Cu Pb Zn 
I ND 18 3740 2 

IShell Extremll 4 193 6 31 0 _] 
” 

Concentrations inppm (Averill e ta l ,  1986) 
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ROTASONIC DRILL 

i k  DRILLTOWER 

THREADS 

DRILL P 

GROUND SURFACE 

CHUCKS OF R001CASING 

c 

EXTENSlON RODS 

CORE BARRELS 

CORING BIT 

TUNGSTEN  CARBIDE 
BUTTON 

Figure 4-2. Schematic  cross-section of a rotasonic drill; 
modified  from  McClenaghan (1991). 

(truck), skid, Nodwell tracked vehicle or barge so that it  can 
The  drill  can be mounted on a multi-wheeled vehicle 

be used in different terrains. If the drill is mounted on skids, 
a skidder or bulldozer can  be used to move the drill. As 
illustrated in Photo 4-13, the drilling set-up with trucks in- 

rods and casing. Drilling on a lake in the winter may require 
volves two vehicles: one  contains  the  rig and the  other  the 

the build-up of  an ice-bridge and platform. 

ering core from the barrel, which can produce a core up to 
Length distortion in  cores may take  place  when recov- 

50% longer than the interval drilled. Hence the on-site ge- 

obtained. During  drilling,  the  coring  hit which displaces 
ologist must observe the actual depth at which the core  was 

sediments  and  the high-frequency vibrations may induce 
soft-sediment deformation. However, Smith  and Rainbird 

mations (drill-induced) from deformations ofprimary (syn- 
(1987) used seven criteria to differentiate secondary defor- 

sedimentary) origin. 

to  recover continuous cores of sediments which greatly fa- 
A significant advantage of rotasonic drills is the ability 

cilitate  the interpretation of sediment stratigraphy and gla- 
cial history. On several occasions, this drill type has  been 
selected to establish stratigraphy and reconstruct ice-flow 
patterns in areas where natural sediment exposures are  rare 
or absent (e.g. Bird and Coker, 1987; DiLahio et al., 1988; 
Lamothe, 1989; Shilts  and Smith, 1986, 1988). The rota- 

Photo 4-12. With the rotasonic drill, the  core  barrel  is pulled to  the 

metreslong (GSC-1993-277-C). 
surface  and  cores  are  retrieved in plastic  sleeves in segments 1.5 

Photo 4-13. Rotasonic  drilling  set-up  with two trucks back  to 
back(GSC-1993-281-A). 

sonic drill is an important asset  to an exploration  program 
where ice-flow patterns  are  not  known or known to be  com- 
plex, and the surficial sediment  stratigraphy  is  poorly un- 
derstood. 

drilling are approximately equal. However, the productivity 
On an hourly basis, rotasonic  and reverse-circulation 

is not as high for the rotasonic drill  as  it is necessary to pull 
the  core  and  re-enter  the  hole  at 1.5-metre intervals. Conse- 
quently, rotasonic drilling  costs are higher (Table 4-1; Aver- 
ill, 1990). 

CONCLUSIONS 

unconsolidated sediments  for  drift prospecting. Hand exca- 
Different methods  are  available  to  collect  samples of 

vation can be useful at  the  reconnaissance  level of explora- 
tion or  for detailed sampling  in  areas of thin  drift (<3 m) but 
limits  sampling  to a maximum  depth of  about I metre. 
Trenching with the use ofdigging devices  such  as a backhoe 
can be very efficient in  areas  where  surficial  sediments do 
not exceed 5 metres. Boulders  can  hamper  the  use of port- 
able  drills  for till sampling. However, small  drills  can be 
useful in  areas  where till is not bouldery, where environ- 
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mental  damage  must be limited or where till has to be sam- 
pled  underneath a veneer  of sand. At a more  advanced  stage 
of exploration, when an anomaly  in surficial sediments  has 
been defined, overburden  drilling  could be the  appropriate 
choice  in  thickly drift-covered areas. Two types  of drills are 
most  commonly used and  have been  successfir1 in recover- 
ing large samples of surfcial sediments: reverse-circulation 
and rotasonic drills. The reverse-circulation drill returns a 
sample  slurry  (sediment  and  bedrock) to the  surface  which 

rotasonic drill recovers a continuous  core oftbe overburden, 
can be logged by experienced  Quaternary geologists. The 

which  facilitates the interpretation ofthe sediment stratigra- 
phy, and  is  also  capable of coring  bedrock at  the bottom  of 
a hole. 
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QUATERNARY  STRATIGRAPHY AND TILL 
GEOCHEMISTRY IN THE TINTINA TRENCH, NEAR FARO 

AND ROSS  RIVER,  YUKON  TERRITORY 

By Alain Plonffe and Lionel E. Jackson, Jr. 
Geological Survey of Canada 

(Contribution 34693, Geological  Survey of Canada) "- 
INTRODUCTION 

The  discovery  of  a Tertiary epithermal gold-silver pros- 
pect in the Tintina Trench, Yukon Temtory,  indicates  a po- 
tential  for  similar  mineralization  elsewhere  along  this 
structurally  controlled  depression (eg. Duke, 1986; Duke 
and  Godwin,  1986;  Jackson et al., 1986). Circumstantial 
evidence  links  the  occurrence  ofplacer  gold, ice-flow direc- 
tions  and Tertiary volcanic  rocks  along  the Tintina Trench 
(Jackson et al.,  1986). This  relationship could not be tested 
by conventional  exploration  techniques (e.g. bedrock map- 
ping, bedrock  geochemistry,  geophysics) because of the lo- 
cally  thick  and  extensive  cover of glacial  drift.  For  that 
reason,  a  drift  prospecting  study  was  initiated. The study, 

tailed  Quaternary  geology  study  including  stratigraphy, 
conducted during  the  summer  of 1987, consisted of: a  de- 

identification  of  ice  flow  and  the  glacial  dispersal  of rock 
fragments, and interpretation  of  till geochemistry. The  con- 
tent  of  this  paper  has  been  previously published in a  less 
extensive  version  by Plouffe and  Jackson (1992). 

SETTING 

STUDYAREA 
The  study  area  (Figure 5-1) is  centred on the Tintina 

Trench, extending  from Wolverine and Finlayson lakes to 

layson  Lake  and Tay River  NTS  map  areas (105 F, 105 G 
southeast of Faro.  It  includes parts of the  Quiet  Lake,  Fin- 

the  Robert  Campbell  Highway,  along  which  most  of  the till 
and 105 K, respectively). Two major  roads  cross  the  area: 

sampling has been  done,  and  the Can01  Road. The Tintina 
Trench  is bounded  by  the  Pelly  Mountains  to the southwest 
and  the  Pelly  and  Macmillan  plateaus  to the northeast. Dif- 
ferences in elevation  between the Tintina Trench and the 
surrounding  terrain  are  significant.  Elevations in the  trench 
range  from  760  to  910  metres  above  sea level with a  few 

tains  range in elevation  from 1220 to 1830 metres, with  the 
areasreaching1070metresabovesealevelThePellyMoun- 

highest  peak  reaching  2353  metres  above  sea  level in the 
Wolverine  Lake  area.  Plateau  surfaces  vary  in  elevation 
from  910  to 1370 metres. 

BEDROCK  GEOLOGY 
The  autochthonous  rocks of the study area  consist of a 

sequence  of  unmetamorphosed  sedimentary and volcanic 
rocks  deposited  along  the  western  margin  of  the  North 
American  shelf  (Figure  5-2).  They  vary in age from  late 

Precambrian to Triassic.  In  the  collision  of an island arc 

posed on the autochthonous assemblage. These  dlochthons 
terrane  with  the  continent,  allochthonous  rocks  were super- 

are  subdivided  into two assemblages: theNisutliIland Anvil 
allochthons (Tempelman-Kluit, 1977; 1979). Intrusion  of 
post-tectonic  granites  inmid-Cretaceous  time  was relatedto 
heating  and  thickening  of  the  continental  crust  during  the 
collision (Gordey, 1988). The  only  knownextfusive equiva- 
lents to these granitic rocks  in the Cordillera a t :  the  South 
Fork  volcanics  northeast  of the study  area. 

kilometres of dextral slip  occurred along  the Tintina fault 
Between Late  Cretaceous  and mid-Eocene time, 450 

zone (Tempelman-Kluit, 1979). Recent  work  by  Jackson et 
a1. (1986) and Pride (1988) indicates the presence  of a Pa- 
leogene bimodal volcanic  province  which  consists  of an as- 
semblage  of  rhyolite  and  basalt  interbedded  a.ith  coarse 
sedimentary rocks. This  province  is  thought  to bt: related to 
crustal  extension  and  transcurrent  slip  along  the Tintina fault 
(Jackson et al., 1986). 

ECONOMIC  GEOLOGY 

placer gold deposits, have been  found in the  study  area  as  a 
Several  bedrock  mineral  occurrences  and  targets,  and 

result of  exploration  work  conducted  by  private (companies 

curred near the Grew  Creek  gold-silver prospect (Figure 5- 
and prospectors. Most  of the detailed  exploration has oc- 

3). Rocks preserved in a  graben  at  Grew  Creek  consist of 
felsic  volcanic and volcaniclastic  units  overlainby interbed- 
ded  coarse  clastic  sediments,  basaltic  flows  and basaltic vol- 
caniclastic beds (Duke, 1986;  Duke  and  Godwin? 1986). At 
GrewCreek,twozonesofmineralization,theMainandTarn 
zones, are  characterized by intense  silicic  and argillic hy- 
drothermal  alteration.  High-grade gold and  silver minerali- 
zation  occurs in chalcedonic  quartz  and  potassiu~n feldspar 
bearing  veins  formed  duringvolcanism  (Duke  and  Godwin, 

boreholes, although  mineralized  outcrops  are characterized 
1986). Both  gold  and  silver  are  enriched  in  samples from 

only by  high  gold  levels (T, Christie, oral presentation, 
Geoscience  Forum, Whitehorse, Yukon,  1988). 

PREVIOUS WORK 
Multiple glaciations in Yukon Temtory werc: first pro- 

posed from  studies in the Carmacks  area (Bostock, 1934). 
Later, Bostock  (1 966) described  two  series  of end moraines 
and  glacial  deposits related to  four  glaciations: the youngest 
McConnell  Glaciation  (Wisconsinan age); the more  exten- 
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Figure 5-1. Map of Yukon Territory with study area shaded. 

two pre Reid  Glaciations.  From  interpretation  of  aerial pho- 
sive  Reid  Glaciation  (Illinoian  age;  Clague et al., 1992); and 

tographs, and  limited  ground  observations,  Hughes et a/. 

to  northwest  over  the  study  area  during  the  McConnell 
(1969) reported that  the  Cordilleran  ice  sheet  flowed  west 

Glaciation.  Campbell  (1967)  gave  the  name  "Selwyn lobe" 
to this sector  of the Cordilleran  ice  sheet.  Hughes et al. 

the  McConnell  advance  in  mountainous  areas  lying  within 
(1969)  suggested  that "a stage  of  alpine  glaciation  preceded 

the  limits  of  the  ice sheet." Duke-Rodkin et al. (1986) re- 
constructed  the  profile  ofthe  Selwyn  lobe  using the inferred 
McConnell  age  moraines  and  ice-marginal  channels associ- 
ated  with  nunataks in the  Glenlyon  and Tay River  map  areas 

ology of the Selwyn  lobe  and  the  Quaternary  stratigraphy 
(10SLand105K).Jackson(1989)describedthepaleoglaci- 

ternary  geology  of  the  Pelly  Mountains  and  Tintina  Trench 
of  parts  of  the  study  area.  He  also  mapped  the  regional  Qua- 

area (Jackson, 1986a; 1986b; 1987).  Ward (1989) and  Ward 
and Jackson  (1992)  reported  on  the  Quaternary  geology  for 
an  area  that  extends  along the Pelly  River in Glenlyon  and 
Carmacks  map  areas. 

i 
1 QUATERNARY STRATIGRAPHY 

The two most  complete  stratigraphic  sections  (sections 

River  valleys.  Other  sections  reveal  key  information  regard- 
076 and 044) in the  area  are  exposed in the Pelly and  Lapie 

r 

Figure 5-2. Generalized geological map of study area (modified after Tempelman-Kluit, 1977  and  Gordey  and  Invin,  1987). 
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LEGEND 
NE OF TlNTlNA FAULT .__ 

Tertiary 

age:Tur, undated  rhyolite:; likelyal Paleogene  age;  Tub,  undated basalts likely 01 Paleogene  age; Ts, 
Tr, rhyolites dated as Paleogene; Tb, basails dated as Paleogene; Tm, mixed VolcanicS 01 known  Paleogene 

sandstone, conglomerate. and Shale. 

Mid-Cretaceous 

Ksf, South Fork Volcanics :crystal lithic tuff; Ks, quatiz monzonite. granite and granodiorite 

Allochthonous Assemblages 

Pennsylvanian and Permian 

Anvil Allochthonous  Assemblage : Cpa, undivided: CPav, basalt, tuff, and breccia; CPal, cheit, and 
sili&slulT CPal, limestone: CPaub. dunite.  peridolite, pyroxenite. and serpendinite. 

Carboniferous to I rlasslc 
Nisutlin Allochthonous As:;emblage : metaquanzite, blastomylonite, phyllite, quartzite, schist, 
sand conglomerate. 

Autochthons 
Carboniferous or Permian 
pC limestone 

Upper Devonian and Mississippian 
chert pebble conglomerate 

Silurian and Lower Devonian 

calcaerous and dolomitic graphitic siltstone 

Cambro-Ordovician 
shaly limestone to calcareous phyllite 

Lower Cambrian - 

Svmbols 
I_ Fault.  thrust (teeth on upper 

plate) 

on downthrown side) 
Fault. steeply dipping (barb 

--A Dextral slipfault 

?Cambrian? 
slate and siltstone and metamorphosed equivalents near intrusions gneiss 

SW OF TlNTlNA FAULT 
Mid-Cretaceous 

diorite, granodiorite. and granite 

Autochthons 
Ordovician to Devonian 

black siliceous and pyritic slate 

? Ordovician and Silurian ? 
CaIcareOuS graphitic slate and graphiticsiliceous and pyritic slate. 

?Cambrian, Ordovician, Silurian, and Lower Devonian ? 
calcareous shale,  siltstone, and argillaceous limestone 

?Cambrian and Ordovician ? 
calcareous siitstone. argillaceous limestone 

Figue 5-2. Legcnd to accompany the bedrock gcology map. 
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Figure 5-3. Study  area  with  major  stratigraphic  sections  and till sample  locations  indicated. 

ing the  Quaternary history and  are  also described below. 
More  thorough descriptions of the  stratigraphic  units  are 
presented in Plouffe (1989). 

SECTION 076 

Ires due east of the  town of Ross  River (Figure 5-3) and  can 
Section 076  is exposed  along  the  Pelly River, 3 kilome- 

be reached by helicopter or  by motorized  canoe. It is  de- 
scribed by Jackson  (1989) as section 14686 s-l. 

ton,  containing  striated  clasts,  and  is  interpreted as pre- 
The lowest  exposed  unit  is a grey, compacted diamic- 

M c C o n n e l l   t i l l   ( F i g u r e  5 - 4 ) .  I t   i s   o v e r l a i n   b y  
glaciolacustrine  sediment, horizontally stratified gravel  and 
another  diamicton. The gravel  sequence  coarsens  upward, 
suggesting  that it  was deposited in  front of the  advancing 
McConnell glacicr. Several striated clasts  were  found  at  the 
contact  between  the  gravel  and  the  overlying  compacted 
diamicton; the  latter is  interpreted as McConnell till. The 
till, in turn, is  overlain  essentially by a similar  sequence of 
sediments as below: glaciolacustrine  sediments  and strati- 

the  Pelly  River valley, evident  in  river  sections  downstream 
fied gravels. The glaciolacustrine  sediments are confined to 

from  the  town of Ross River. Correlation  among  exposures 
along  the Pelly River, indicates  that  the  uppermost stratified 
gravel overlying  the  glaciolacnstrine  sediments  is  outwash 

the top ofthe section,  the  White  River tephra (Lerbckmo et 
deposited in front of the retreating McConnell glacier. At 

al., 1975)  is exposed  within a well sorted fine  sand  and  silt 
unit, thought to  be aeolian  in  origin. 

40 

30 

20 

10 

0 J 

Figure 5-4. Stratigraphic  column of section 076 with  equal-area 
stereographicplotsoflongaxesofclasts(50measurementsineach 
case). See text  for  description.  Contours  are 2,4 ,6 ,8  and 10% per 
1% area. 
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abundant metasedimentary and  clastic sedimentary rocks 
Erratics in pre-McConnell and McConnell tills include 

and  rare  ultramafic,  quartz  and  calcareous rocks. These 
rocks are probably derived  from allochthons to  the southeast 
(Tempelman-Kluit, 1977;  Figure 5-2). As clasl lithologies 
in the  two tills are similar, paleo-ice-flow directions  were 
probably toward the  west to northwest in the Pelly River 
valley, during both pre-McConnell and McConnell glacia- 
tions. 

Pebble  fabrics  were taken in both tills (Figure 5-4 and 
Table 5-1). The a-axes of clasts  are primarily oriented north- 
west-southeast in  the pre-McConnell till deposits. Pebbles 
in  McConnell  till  have an east-west orientation, but with a 
lower cigenvalue (Table 5-1), which may result  from re-ori- 
entation of clasts during deformation by an active glacier 
(Boulton, 1970; Amark, 1986). 

SECTION 044 
Section 044 is  exposed  along  the  Lapie River, about 8 

kilometres southwest of the town of Ross River (Figure 5-3) 
and can be reached by  bush road from the Campbell High- 
way. It  is dcscribed by Jackson (19S9) as section 7686 S-2. 

Stratigraphy at this section is very similar to section 076 
(Figures 5-4 and 5-5). The  oldest  unit exposed is a poorly 
sorted, clast-supported bouldery gravel interpreted as allu- 
vium. A sharp erosional contact separates the gravel from 
an overlying grey, compact diamicton which contains some 
striated  boulders,  interpreted as pre-McConnell till. The 
contact between the till and  the overlying outwash gravel 
sequence is abrupt. The outwash deposit  is characterized by 
numerous beds of gravel, sand and discontinuous diamicton. 
Diamicton beds drape underlying sediments and are thought 
to be  gravity-flow deposits. Two depositional cycles were 
defined in the outwash gravel: the gravel unit  fines upward 
in its lower part and coarsens upward in  its upper part. This 

TABLE 5-1 
EIGENVALUES  AND  EIGENVECTORS OF TILL  FABRICS 

CALCULATED  WITH THE STEREONET  PROGRAM 
(v  3.6 6y X.W Al l ,nend ingrrJ . fo l lo~ l~~  Mark (1973) eigmvoiue method 

112 12 01723 22764 0.518 0.374 0.108 
28603 017 I1  179 79 0.544 0.390 0.066 

OXO 16 347 I1  22470 0.667 0.222 0.110 
09820 188-02 28270 0.591 0.317 0.092 

I 
Note that these values should be interpreted with care because, as presented 
by Woodcock (1977), bimodal and multimodal data (which is  the  case for 
the till fabrics presented here) can result in theeigenvectars falling between 
modes. VI. V2. and V3 represent the trend and plunge of the eigenvectors: 
VI being the direction of maximum clustering, and V3  that of normal 
clustering. SI. S2 and S3 are the respective normalized eigenvalues. 

r 

Figure 5-5. Stratigraphic  column of section 044 with  equal-area 
stereographic plots of long axes  of clasts ( S O  measuremmts  in  each 
case). See text for  description.  Contours  are 2,4,6,8 and 10% per 
1% area. 

suggests that these gravels were deposited either during re- 
treat of the  pre-McConnell  glacier  and  advance of the 
McConnell  ice,  during  fluctuations of the retreating pre- 

McConnell ice front. The gravels are sharply overlain by a 
McConnell ice  front  or  during  fluctuations of the  idvancing 

diamicton, varying from 1 to 2 metres in thickness, probably 
the  McConnell till. Finally, the section is capped hy another 
2 metres of outwash gravel and sand. White River tephra is 
exposed at the top of the section in interbedded colluvium. 

sedimentary and metasedimentary rocks which are equiva- 
The predominant  lithologies in both tillunits  areclastic 

lent in their abundance. They  indicate a provenance to  the 
east  or  southeast (Tempelman-Klnit,  1977; Fi;:nre 5-2). 
Four till pebble fabrics  were measured (Figure 5-5, Table 
5-1). Pebble orientations are both parallel and transverse to 
the east and southeast ice-flow directions inferred from till 
lithologies. Fabrics transverse to  ice  flow  can  resultfromthe 
reorientation of clasts  in till due  to deformation b r  the over- 
lying active glacier (Boulton, 1970; Amark, 198ti). 

SECTION 038 

the Pelly Mountains (Figure 5-3). The 1owermo:;t unit  is a 
Section 038 is exposed along  the south Canol Road near 

grey, compacted diamicton, 18 metres thick, witf! abundant 
striated clasts, which is interpreted as  McConnell till. It  is 
overlain by 25 metres of gravels  (Figure 5-6) which displays 
abrupt  contacts,  marked  grain-size  difference:;  between 
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Figure 5-6. Composite  stratigraphic  column of section 038 with 
pie  diagrams  representing  percentages of each  lithology  at  three 
lcvcls  in till. 

beds,  and  abundant  faulting, all of which  demonstrate  that 
the  gravel  was  probably deposited in contact  with  ice. 

Till pebble  samples  were collected and  lithologies  iden- 
tified at three levels  (Figure 5-6). Lithologies  are primarily 

careous  and  metasedimentary clasts. The lowest part of the 
clastic sedimentary rocks, with variable proportions of cal- 

tasedimentary rocks  compared to  the upper portion. Vertical 
till is  rich  in  calcareous  sedimentary rocks and  lean  in  me- 

lithologic changes  could  result from: local  lithologies  near 
the base of the till versus far-traveled lithologies in the  upper 
part, or an  earlier  ice  flow out of  the  Lapie  River valley, at 
the  onset of McConuell glaciation, which  contributed  abun- 
dant  calcareous  sedimentary  rocks (see Figure 5-2). 

pebble lithology samples  were  collected (Figure 5-7 and Ta- 
Till  pebble  fabrics  were  measured at three  sites,  where 

ble 5-1). The fabrics  indicate an initial ice  flow out of the 

Trench. This  supports  the  second point above. However, the 
Lapie  River  valley  followed by flow  parallel to the Tintina 

possibility remains  that  the a-axis orientations in the  lower 
fabrics  are  perpendicular to  ice flow, whereas  the a-axis 
trends in  the upper fabric  are parallel to ice-flow direction. 

SECTION 032 

the Pelly Mountains within the  Lapie  River valley (Figures 
Section 032 is  located  along  the  south  Canol  Road  in 

Lapie  River - 038 

F-038-2 

Figure 5-7. Equal-area  stereographic  plots of long axes of clasts  at 
section 038 (50 measurements  in  each case). Fabric  locations  are 
the  same as pebble  counts (see Figure 5-6). Contours  are 2,4,6,8 
and  10%  per 1% area. . 
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5-3 and 5-8). At  the  base of the  section,  4 metres of  grey, 
compacted  diamicton is interpreted  as  McConnell till. Till 
fabric  analysis  reveals  that  clasts  have a preferred orienta- 

bles of South Fork volcanics found within the till are derived 
tion parallel to the valley (Figure  5-8 and Table 5-1). Coh- 

either  from  bedrock  on  the  Macmillan Plateau (Gordey, 

Trench (Plouffe, 1989). The till is overlain by stratified sand 
1988) or  from  unconsolidated  sediments in the  Tintina 

and  gravel. In one well sorted sand bed, planar cross-strati- 
fied  laminations  indicate a paleocurrent towards the west- 
southwest.  Pebbles of Tertiary rhyolite with a provenance to 
the northeast in the Tintina Trench (Figure 5-2) occur in the 
gravel. The  gravel  is  overlain by silt and clay characterized 
by  rare and discontinuous primary laminations. 

lacustrine sediments, the  stratified  gravels  are interpreted as 
Based upon their stratigraphic position beneath glacio- 

a subaqueous  outwash  fan  deposited  in a glacial  lake 
dammed by glacierice in theTintinaTrench.  The  waterlevel 
elevation of this glacial  lake was probably controlled by  the 
ice  dam and the water drainage  divide  between  Lapie  and 
Ross rivers,  higher up in the Pelly Mountains at about 1080 

metres  above sea level. 
metres elevation: gravels at  Section  032  are at about 945 

QUATERNARY HISTORY 

McConnell  glacial  event  comes  from the lowest gravels ex- 
The  only  evidence of conditions  prior  to  the  pre- 
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Figure 5-8. Stratigraphic column of section 032 with equal-area 
stereographic plot of long axes of clasts (30 measurements). Con- 
tours are 2,4,6, 8, IO, 12 and 14% per 1% area. 

posed at  section  044,  which  indicate  a period of fluvial ag- 
gradation. Evidence  from  two  exposures of pre-McConnell 
till  indicates  that ice  flowed  westward  to northwestward 
during  pre-McConnell  glaciation.  Most  pre-McConnell 
drift was eroded  during  the  subsequent  McConncll glacia- 
tion.  During the pre-McConnell  ice  retreat,  a ghcial lake 
formed in the Pelly River valley as indicated  by laminated 
silt and clay in section  076  (Figure 5-4). At this time, tribu- 
tary valleys  of  the  Pelly  River  were  charactcrized by 

paraglacial  processes  (Jackson et al., 1982), major streams 
glaciofluvial  aggradation  (Jackson, 1989). As part of the 

such as the Pelly River  evolved  from braided to  mtmdering 
as the sediment load decreased  (Jackson, 1989). 

In the  absence of dateable  materials,  the  time elapsed 
between  pre-McConnell  and  McConnell  glaciations  re- 
mains  unknown.  Jackson  and  Harington  (1991:1  report  a 
Middle Wisconsinan assemblage of large and sniall mam- 
mals underneath McConnell  till  at the Ketza Rive1 site (Fig- 
ure 5-3).  However,  no  correlation  between  the K & a  River 

attempted because of the lack of stratigraphic infxmation. 
site and sections  044  and 076 (Figures 5-4 and 5-5:1 has been 

Consequently, McConnell  and  pre-McConnell  glaciations 
(as termed in this paper)  may possibly be two  ice  advances 
which occurred during  the  same  glaciation (sensu stricto). 

At section  038, a  valley  glacier  apparently  flowed 
northward  out of the  Lapie  River  valley  at the onset of 
McConnell  glaciation. At  the  McConnell maxinum, ice 
flow in the Selwyn  lobe  was west to northwest. A ;  McCon- 
nell glacier ice retreated, an ice  tongue blocked the Lapie 
River valley, damming  drainage  and  creating  a glacial lake 
at  about  1080  metres  elevation,  as estimated from the high- 
est  occurrence of glaciolacustrine  sediments  (Jackson, 

McConnell  glaciation,  during  the  retreat of McConnell  gla- 
1989) and the lowest possible outlet  for  the lake. A s  for pre- 

cier, a glaciallakeinundatedthePelly Rivervalley  (Jackron, 
1989). 

TILL GEOCHEMISTRY SAMPLING A N l D  
ANALYSIS 

geochemical  analyses  (Figure 5-3). Samples were collected 
Two hundred and  four  till  samples  were coliected for 

from  river  bank  sections,  road  cuts, old benches and hand 
dug pits. Care was taken to collect  samples below the post- 
glacial solum. In  areas of easy  access,  such  as .along the 
Campbell  Highway,  the  distance  between  till  samples aver- 
ages  2 kilometres. Elsewhere,  because of limited  accessibil- 
ity with a  floatplane  and  helicopter,  a  much  greater  distance 
separates  each  sample. 

LABORATORY PROCEDURES 
Till samples  were  sieved  to  separate  the  silt  and  clay 

rated  by  centrifuge,  following  procedures develop,ed by the 
size  fraction  (<63pm). The  clay  fraction (dpn) was sepa- 

ratio was completed by  pipette  analysis (Folk, 1968). Sam- 
Geological Survey of Canada. Determination of th: siltklay 

ples were wet sieved in order to separate the  125  to 250-mi- 
cron  size fraction. Heavy  minerals  were then sepmated from 
this fraction with a  shaking  table  and  methylene  iodide (s.g. 
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3.3) by Overburden  Drilling  Management Ltd., Nepean, 
Ontario. 

fractions  were performed by Acme  Analytical  Laboratories 
Geochemical  analyses on the clay, and  silt  and  clay  size 

Ltd., Vancouver,  B.C. The clay  fraction was analyzed  for 

plasma)  after  a  hot  acid (HCI-HNO3) leach using 0.5-gram 
silver, arsenic and antimony by ICP  (inductively coupled 

samples;  mercury was analyzed by flameless  atomic  absorp- 
tion. 

In oxidized till,  the  greatest  concentrations of most met- 
als occur in the clay size  fraction because: phyllosilicates, 

primary metal enrichment within their smcture, and metals, 
which preferentially  occur in the  clay  size  fraction, have a 

released by weathering of labile  minerals,  are scavenged by 
colloidal particles  such  as  clay  minerals,  oxides  and hydrox- 
ides (Shilts, 1984). The -63 micron fraction was analyzed 
for gold by  atomic absorption using 10-gram  samples with 
a detection limit of 1 ppb.  That  size  fraction was selected 
because gold is preferentially enriched in the fine  fractions 
of oxidized  till  (DiLabio,  1985).  In  unoxidized  samples 
"gold is  most  abundant in grain  size  fractions  that reflect the 
grain size of the glacially  liberated and comminuted  native 
gold and  oxide or sulfide  host  minerals"  (DiLabio, 1985). 
At Grew  Creek,  gold  occurs in bedrock  as  native  particles 

sonal communication, 1988). Consequently, assuming  simi- 
with an average  diameter of 7.5 microns (J.L. Duke,  per- 

lar mineralization elsewhere  inTintinaTrench,  it is probable 
that in unoxidized till gold is concentrated in the  silt and 
finer  size  fractions.  Coarser  size  fractions  include  minerals 
such as  quartz  and  feldspar  that  would  'dilute'  the  sample, 
leading to lower  measured gold concentrations.  Heavy  min- 
erals  were  analyzed  for gold by neutron activation  at  Bon- 
dar-Clegg & Company Ltd., Ottawa,  Ontario.  The  clay  size 
fraction was also  analyzed  for  base  metals  and  heavy min- 
erals  for a series of gold pathfinders;  these  results  are  dis- 
cussed by  Plouffe  (1989). 

RESULTS AND DISCUSSION 
Several  methods of calculating  thresholds  for  explora- 

tion geochemical  data  are  presented in the literature (Rose 

element in till can vary over  different bedrock lithologies, 
etal., 1979; Sinclair, 1974). As the threshold of aparticular 

and because this survey covers  a variety of bedrock types, 
the 90th percentile was arbitrarily  selected  as the threshold. 
In the  case of gold in the  silt plus clay  size  fraction of till, 
the 90th percentile  is  equivalent  to 7 ppb. 

FRACTION OF TILL 
GOLD IN THE SILTPLUS CLAY SIZE 

Textural analyses  were performed on  a  series of sam- 
ples to  verify any possible relationship  between the gold and 
silt  contents (Le. to  determine  if gold was preferentially  con- 
centrated in  the silt  size  fraction  compared  to  the clay size 
fraction). As illustrated in Figure 5-9, correlation  between 
gold  and silt-clay  ratio  is low. It  is concluded that  size  dis- 

ues, and  gold must  be present in the  silt ( 4 3 ~ m  - 2bm) and 
tribntion of the  -63  micron  fraction  does  not  affect gold val- 

the clay  (<2pm)  size fractions,  probably  bound  as  com- 
plexes to oxides,  hydroxides  and/or  clay minerals (Boyle, 

~ 

1979; Boyle et al. 1975). To date,  there is a lack of data  to 
indicate if gold in the silt plus  clay size fraction is detrital 
and/or  chemically  remobilized.  Detailed work on gold par- 
ticles recovered from this fraction (e.g., fineness)  could clar- 
ify whether  their  mode of transportation  was  detrital or 
chemical. 

mate  analytical  precision.  Samples were  chosen  at random 
Forty-seven till samples  were andyzed  twice to esti- 

throughout  the  set of 204  samples.  Results  obtained  after  the 
first  and  second  analyses are  depicted in Figure  5-10 (using 
a graphic  technique modified from  Shilts, 1975). Vertical 

percentile)  after the first  analysis;  horizontal  shading is 
shading  indicates values  above  background (7 ppb  or  90th 

above  background  after  the  second  analysis.  Samples 
anomalous in both  analyses  are  plotted in the  cross-hatched 
field,  and  background  samples in the clear  field.  Poor  cor- 
relation between  first  and  second  analyses  demonstrates the 
1owreproducibilityandprecisionofgoldanalyses.Thepoor 
precision of the  analytical  method  for  the  silt  and  clay  size 
fraction  is  attributable  to  heterogeneous  distribution of gold 
particles in samples, and several  geochemical  results  close 
to the detection  limit of 1  ppb,  where  precision  is  low 
(Thompson and Howarth, 1976). 
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Figure 5-9. Correlation graph of gold  content  and  siltJclay  ratio of 
the  silt plus clay size fraction of till  (C.C.  =correlation  coefficient). 

Figure 5-10. Graph showing  results of duplicate  analyses,  using 
a graphic  technique  modified from Shih (1975). 
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Figure 5-11. Dctailed  view  of  glacial  dispersal of gold in the silt 

centrations are in ppb, and values in parentheses  represent  dupli- 
and  clay  size  fraction of till near the Grew  Creek  prospect. Con- 

cafe analyses.  Location  of  mineralized  zones and faults  from  Duke 
and  Godwin (1986). 

TRANSPORTDISTANCE  OFANOMALOIJS 
CONCENTRATIONS OF GOLD IN TILL 

are known, detailed till  sampling was condocted to deter- 
In the Grew Creek area, where  two mineralizzd zones 

mine the distance of transport of anomalous concentrations 
of gold (Figure 5-11). Assuming that gold is derived from 
the Main zone, a single  sample collected 250 meum down- 
ice  from  the  showing  would  have  been  recognized  as 
anomalous (above the 90th percentile or I ppb).  Further- 
more, if the 75th percentile is declared anomalous (5 ppb), 
mineralization could be recognized as  far as 500 metres 
down ice. From  these  data,  it is concluded that prospects 
similar to Grew Creek might remain undetected with the 

bell Highway. Prospecting for epithemal depsil:i similar 
sample interval of 2 kilometres employed along th? Camp- 

to Grew  Creek, requires a sample interval no  greater than 
500 metres measured  parallel to the ice-flow direction. 
More work  will be required in order to define the width of 
the gold dispersal train at Grew  Creek  and to define a sam- 
pling interval measured perpendicular to the ice-flow direc- 
tion. 

GOLD  GEOCHEMICAL MAP 

of the study area, between Ketza  River and Grew Creek 
High  gold concentrations occur in the northwestern part 

(Figure 5-12). The Grew  Creek gold-silver deposit is re- 
flected in this size fraction by a series of anomalies directly 

Figure 5-12, Gold  abundance in silt and  clay size fraction  of  till. 
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over and to the northwest of the Main zone (Figure 5-11). 

ported by Kindle (1946; p.24) along the Lapie River. High 
Anomalies  are also associated with gold occurrences re- 

gold concentrations are associated with Tertiary felsic and 
intermediate  volcanic  bedrock  in  the  Tintina  fault  zone 

tain gold mineralization similar to Grew Creek. Follow-up 
(Tempelman-Kluit, 1977), indicating that bedrock may con- 

work on anomalies near the Lapie River valley should be 
undertaken with special care because of complex ice-flow 
patterns 

CORRELATION  COEFFICIENTS  OF  GOLD  WITH 
TABLE 5-2 

ARSENIC,  ANTIMONY,  MERCURY  AND  SILVER 

Correlation coefficients 

. I 4  ,445 ,295 ,232 
,357 

rocks  are a source of placer gold. That is consistent with 
Jackson et al. (1986) suggested that Paleogene volcanic 

values above the 75th  percentile overlying and to the north- 
west of some of these volcanic bodies (Ketza River, Starr 
Creek and northeast of Ross River; Figures 5-2 and 5-12). 
To verify this possible relationship, additional till :;ampling 
is needed closer to these volcanic bodies, as  the transport 
distance of anomalous gold concentrations in till uas  found 
to  be fairly short, that is, in the order of 250  to 5M) metres. 
Follow-up on any of these  anomalies should be undertaken 
with special care and as a first step, an attempt  should be 
made  to reproduce the results presented in this stu,iy. 

GOLD PATHFINDERS 
Samples were analyzed for silver, arsenic, mercury and 

antimony to determine if these elements  could he used as 
gold  pathfinders.  Correlation  coefficients  calculated  for 
these elements and gold are all low and  are depicted in Table 
5-2. Also, a  comparison of geochemical maps for  these ele- 
ments, together with gold (Figures 5-12,13,14,15 and la), 
demonstrates that only  a few gold anomalies  are associated 
with high concentrations of these  traditional pathfinder ele- 

istry of Grew  Creek  where,  at  shallow  depths l'outcrop 
ments. This poor correlation reflects the bedrock g(whem- 

level), gold  mineralization is not  associated  with  high 
arsenic,  silver,  mercury or antimony  concentrations (T. 
Christie, oral presentation, Geoscience Forum, Whitehorse, 
Yukon, 1988). Consequently, these  elements  have limited 

Figure 5-15. Mercury abundance in the clay size  fraction of till. 
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application as  drift prospecting pathfinder elements  for  epi- 
thermal gold deposits in the Tintina Trench. 

EXPLORATION 
USE OF HEAVY MINERALS FOR GOLD 

trates for  drift prospecting for gold was tested. Before any 
As  part of this study, the use of heavy mineral concen- 

analyses were done on heavy minerals, site-specific limita- 
tions  (Shilts,  1978)  were envisaged most of the gold at 
Grew  Creek  is  attached  to  quartz with a minor  amount 
bound in pyrite (Duke and Godwin, 1986; Duke, 1986); gold 
in quartz is not necessarily recovered in heavy mineral con- 
centrates; and surficial samples, as collected in reconnais- 

collected from sections). Thus, gold in sulphides may be 
sance  surveys, are  oxidized  (except where  samples  are 

released and reprecipitated or fixed in  finer  size fractions. 
In both  cases gold would go undetected in heavy mineral 
concentrates. 

Heavy mineral separations, (s.g. 23.3) on the 125 to 
250-micron size fraction, were  done  for samples from  the 
northwestern region. Gold grains were not seen in  heavy 
mineral concentrates with the aid of a binocular microscope. 

the  deposit  is reflected in  the gold content of heavy mineral 
In a few samples down-ice from the Grew Creek prospect, 

concentrates of McConnell till. Likewise, heavy minerals 

show  patterns of gold enrichment similar  to those observed 
in  the silt plus clay  size  fraction  along the Campbell High- 
way, close to the Lapie  River (Figures 5-12 and 5-17). 
Anomalous  gold  values  (above  90th  percentile)  occur 
throughout the  area  (Figure 5-17); some  are located  close to 

Figure 5-17. Gold  abundance in heavy  mineral  concentrate from 
till in the  northwest part of the study  area. 
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documented  mineral  occurrences  (MINFILE  105F 050, 
051, 060) but others are not associated with  known pros- 
pects. 

Most  bedrock in the  study  area  is  impoverished  in 
heavy minerals, as  is  the derived till. In some samples, not 
enough ( 4  g) heavy mineral concentrate was recovered for 
geochemical assays. To obtain a representative  amount  of 
heavy minerals for geochemical analysis (>5 9). much  larger 
till samples would have  to  he taken (>lo kg).  'This can rep- 
resent a practical problem where large samples have to he 
carried long distances. 

In conclusion, heavy minerals could be used for  gold 
exploration in the Tintina Trench at a reconnaissance level, 
if sample size  does not represent a practical problem. In fol- 
low-up surveys, where  samples are recovered from below 

cores), heavy minerals could he efficient in detecting min- 
the  zone  of oxidation (from  sections or overburden drill 

eralization. 

CONCLUSIONS 
Based  upon till lithologies and till fabrics,  glacier ice 

flowed west to northwest during the McConnell and pre- 
McConnell glaciations. At the onset of McConnell glacia- 
tion, a valley glacier  may  have flowed northeasterly, ont of 
the  Lapie River valley. At  the end of both glaciations, a gla- 
cial  lake invaded the Pelly River valley. Because  of  the lack 
of chronological information, the  time elapsed between the 
two glaciations  is still unknown. Consequently, McConnell 
and pre-McConnell glacial  advances  may  he  related  to  the 
same glaciation (sensu  stricto). 

The silt and clay  size  fraction of till reflects known gold 
mineralization at Grew  Creek and  does not appear  to  he in- 

ducibility of gold analyses on the -63 micron size fraction 
fluenced by textural parameters. On the  other hand, repro- 

is very low because  gold  particles are not uniformly distrih- 
nted in the  samples and gold concentrations in this size frac- 

reproducibility  can be measured by duplicate analyses. 
tion are near the detection limit where precision is low. Poor 

High  gold  values in the  silt  plus  clay  size  fraction of till 
near Tertiary volcanic bedrock support the hypothesis that 
these  rocks  could  be a source  of placer gold. However, as 

detailed  sampling near volcanic bedrock is needed to locate 
the  transport distance of gold in till is short (250 to 500 m), 

antimony as pathfinder elements for  gold exploration is not 
mineralized sources. The use of silver, arsenic, mercury and 

recommended  because  their  correlation with gold is very 
poor in surficial samples. Heavy minerals could be used at 
a reconnaissance  level  for  gold exploration in the Tintina 
Trench. 
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GLACIAL  DISPERSAL PATTERNS OF MINERALIZED 
BEDROCK:  WITH  EXAMPLES FROM THE NECHAKO 

PLATEAU,  CENTRAL  BRITISH  COLUMBIA 

By Victor M. Levson  and Timothy R. Giles 
B.C. Geological Survey  Branch -" 

INTRODUCTION 

in north-central British  Columbia, is indicated  by  the occnr- 
High  mineral  potential  in  the  Nechako Plateau region, 

rence of several  large  mineral  deposits  including the Equity 
silver-gold-copper deposit  and  the  Endako porphyry molyb- 

The  discovery  of new mineral  deposits in the region, how- 
denum  and  Bell  poryphyry  copper  deposits  (Figure 6-1). 

ever, has been hindered by  the  typically  thick overburden, 
a poor understanding of the  Quaternary history of the area 
and  by  a  lack of published  data  describing  glacial  dispersal 
patterns in the region. In  this paper, we  address  these prob- 

collected in the southern  Nechako Plateau and, second, by 
lems first by  discussing  Quaternary  geology  data  recently 

an evaluation of unpublished industry  data,  from  that area, 

placed  on  mechanical (mainly glacial)  dispersal of mineral- 
that  is  relevant to drift  exploration programs. Emphasis  is 

ized bedrock including  data  on  the following: - 
The size, sha and  concentration of soil  geochemical 

I 

anomalies anKrratics trains. 
The  influence of different  surticial materials and deposi- 
tional  environments  on  mechanical  dispersal. 

Stratigraphic  and  glaciological  factors  tf.at  effect 

posure, typical of much of the Interior Plateau. a  drift explo- 
To address  problems  associated with poor kdrock ex- 

ration  program  was  initiated  in  the  southern  Nechako 
Plateau in 1993  by  theBritish  ColumbiaMinistry LofEnergy, 
Mines  and  Petroleum  Resources.  The  program  includes 
Quaternary  stratigraphic  studies, surfkial  geology map- 
ping, till  geochemistry  surveys  and  detailed  case studies 
around known mineral deposits  (Giles  and Ken, 1993; (Xes 
and  Levson,  1994a, b; Levson and Giles, 1994). 

The  program  objectives  are to apply Quatenary geol- 
ogy  and ice-flow history data  to  drift prospecting problems 
in areas  where  mineral  exploration  has  been ham:?ered by  a 
variably thick and heterogeneous  drift cover, to  provide  a 
basis  for the design of till geochemical sampling programs, 
and  to  produce  a  series of till geochemistry and  drift  explo- 

gional (150 000 scale)  surticial geology mapping  and till 
ration potential maps  for  mineral exploration purpses. Re- 

sampling in the  Fawuie  Creek (93F13) map  area :Giles and 
Levson, 1994a. b; Levson  and  Giles,  1994) and :-econnais- 
sance  stratigraphic  studies  elsewhere  in  the  southern 

erosional  and  depositional  processes. 

Figue 6-1. Location map of the  southern  Nechako  Plateau  region  and  locations  discussed  in  the text. 
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Nechako  Plateau  (93F/3,6,7,  and IO) were  conducted in the 
1993 field  season. Resultsof thesestudies,ofparticularrele- 
vance  to  this  discussion, are summarized here. This  work  is 
part of a larger  program in the  Interior  Plateau  that  includes 
bedrock mapping  (Diakow  and Webster, 1994; Diakow er 
al., 1994).  lake  sediment  geochemistry  (Cook  and 
Jackaman,  1994)  and  mineraldeposit  studies  (Schroeter  and 
Lane, 1994). 

the  southern  Nechako  Plateau  area have  been  published 
Few  studies  dealing  with  glacial dispersal  processes in 

(Kerr  and  Levson,  1994)  but a wealth of information  is  con- 
tained in unpublished  assessment  reports  housed  by the B.C. 
Ministry of Energy, Mines  and  Petroleum  Resources (c.a. 

the southern  Nechako Plateau area,  was  conducted  to  exam- 
Ken;  1995,  this volume). Areview of these  reports,  filed  for 

typical  problems  encountered by explorationists  and  to 
ine  current  methods of exploration in the  region, to identify 

compile  information  that can be used to develop  and  refine 
drift  exploration methods. The results of drift  exploration 
programs  from three selected  areas  are  discussed here, in a 
Quaternary geology  context, as are the implications  of  these 
studies  for  property  and  regional-scale  exploration  activi- 
ties. 

The Nechako  Plateau is located  in the northern part of 

The southern part of the  plateau,  south of Highway 16, is 
the  Interior Plateau physiographic region (Holland, 1976). 

discussed  here  (Figure 6-1) and  includes  the  Nccbako  Res- 
ervoir  area south to the  Fawnie  Mountains.  The  region is 
characterized  by  gently  rolling  topography;  mountainous 
areas occur mainly  in  the  south  and  seldom  reach elevations 
above  2000 metres. Local  relief in the northern part of the 

to hundreds of metres  and,  even in the  more  mountainous 
study region, in the Nechako  Reservoir  area,  is a few  tens 

regionstothesouth,reliefisgenerallylessthan1000metres. 

BASALTILLS  AS  A  GEOCHEMICAL 
SAMPLING  MEDIUM 

Fundamental to the success of any  overburden  geo- 
chemical  sampling  program is the  selection of a sampling 
medium  suited to the  objectives of the survey (Shilts, 1976; 
Gleeson et aL, 1989; DiLabio, 1990). In reconnaissance- 
scale  surveys (-1 sample/lOO k d )  in relatively unexplored 
areas,  for  example,  heavy  mineral  samples of eskers or other 
glaciofluvial  concentrates may be  more effective than till 
samples  (Saarnisto, 1990). In contrast,  colluvial  sediments 
may be more  suited to detailed property evaluations  as  these 

exploration  programs in the Nechako Plateau area, at  scales 
deposits  are  typically more locally  derived than tills. For 

intermediate  between  these  two  extremes.  we  recommend 
sampling  of  basal  tills  rather than other  types of surficial 
materials  for  the  following reasons: 

Basal tills are deposited in areas  directly  down-ice  from 
their  source  and  therefore mineralized materials  dispersed 
within the tills  can be more  readily traced to  their  origin 
than can  anomalies in other  Quaternary  sediment types. 
Processes of dispersal in supraglacial tills, glaciofluvial 
sands  and gravels,  and  glaciolacustrine  sediments are 

more  complex  and they are typically  more  distally  derived 
than basal tills. 
As dispersal  trains  developed in basal  tills are typically 
larger than those in colluvial  deposits  and  stronger than 
those in glaciofluvial or supraglacial  deposits,  mineral 

regional  surveys (DiLabio, 1990). 
anomalies  in  basal  tills  may  be  more  readily  detected in 

The  dominance of one  main  regional  ice-flow  direction in 
the  southern  Nechako Plateau throughout  much of the last 
glacial period has  commonly resulted in a simple, linear, 
down-ice  transport of material. This makes  tracing of  ba- 

regions  with a more complex ice-flow history. 
sal till anomalies  to source  relatively easy  compared to 

Regardless of which  sampling  medium  is  selected,  it is 
critical,  for  interpretation purposes, that  detailed descrip 
tions of the  sampled  deposits  are  obtained  and  that  different 
types of materials  are  distinguished (Giles  and  Levson, 

chemical  data  into  populations  that  correspond  to  different 
1994a, b). The  importance of separating  overburden gec- 

demonstrated  by a stndy  in the  Nechako Plateau region by 
types of surficial  materials  and  bedrock  lithologies  was 

Boyle  and  Troup (1975). Regional  variations  due tobedrock 
lithology or surficial  geology can therefore be minimized in 
favour  ofprocessesrelating tomineralization.  Aparticularly 
significant  difference  exists  between till covered  areas  and 
colluvial  deposits in more  mountainous  areas. For example, 
geometric  means  (log  normal)  for  copper,  molybdenum, 

rizons  over a large  part of the  Capoose Lake region (Boyle 
zinc, lead and  nickel  concentrations in the A and B soil ho- 

and Troup, 1975)  were  all  higher in colluvium (17-24 ppm 
Cu ,0.9-I ppm Mo, 51-79 ppm Zn, 11-14 ppm  Pb  and 5-7 
ppm Ni) than in till (7-15 ppm  Cu, 0.5-0.9 ppm Mo, 31-41 
ppm Zn, 5-6 ppm Pb,  and  5-6  ppm Ni). In  addition,  mean 

Mo, 22-27  ppm Zn, 5 ppm  Pb,  and  5-6  ppm Ni) were  similar 
C-horizon concentrations in till (12-18 ppm  Cu, 0.5-8 ppm 

or higher than A or B-horizon concentrations. 

lining  areas of mineralization  has  long  been  known (e.g. 
The utility of C-horizon sampling of basal tills  for out- 

Shilts, 1973a. b) but  it  has  been little  used  by  exploration 
companies in  British  Columbia;  A or B-horizon sampling 
has  generally  been  favoured (e& Kerr, 1995,  this volume). 
Although  C-horizon  samples can be effectively used to 
identify glacial  dispersal  trains,  important  data can also be 
obtained by sampling  the  upper  soil  horizons  because, in 
terns of elemental  concentrations,  local  pedological  and hy- 

another  (Bradshaw etal., 1974;  Gravel  and  Sibbick, 1991; 
dromorphic  processes  often  favour  one  soil horizon over 

Sibbick  and  Fletcher, 1993). However, it is important to re- 
member  that  the heterogeneity of elemental  concentrations 
in various  soil  horizons  is  dependent  on  the  overburden 
composition  and  underlying  bedrock  lithology  as  well as 
geochemical  processes  acting  within  the  environment 
(Boyle  and Troup, 1975). 

GLACIAL  DISPERSAL  PROCESSES 
Glacial  dispersal  trains may be  hundreds  to  thousands 

of times  larger in size than their  original  bedrock source, 
providing a cost-effective  target for mineral  exploration 
programs (Shilts, 1976;  DiLabio,  1990).  Mineralized bed- 
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rock, eroded  and  transported  by  a glacier, may be redepo- 
sited in either  the  gravel  fraction of a till (as  erratics) or in 
the  matrix  (clay to sand fractions).  Erratics  trains can be 
delineated by boulder  tracing  whereas  evidence  for miner- 
alization in the  clay  to sand fractions  can  only  be  defined by 

thin in comparison with their length and  have  clear  lateral 
geochemical methods. Dispersal  trains  are  commonly very 

dilution of the mineralized material  generally  occurs in a 
and  vertical  contacts with the surrounding  till.  Progressive 

down-ice  direction  until the train can no  longer  be  detected. 
In the  simplest  case of unidirectional  ice flow, mineralized 
material  at  a  point  source  is  eroded, transported and redepo- 
sited  to  produce  a ribbon-shaped dispersal train parallel  to 

Canada in relatively  flat shield  areas (Shilts, 1976a, b), some 
ice flow. Although  these processes  were  first  documented in 

examples  have  also  been  described  from  British  Columbia 
(e.8. Fox e t  al., 1987;  Kerr et al.. 1993; see also  references 
in Kerr and  Levson, 1995, this volume). Variations in the 
ice-flow direction  caused  by  topographic  irregularities or 
changing  dynamics  at  the  base of the  ice may cause the 
anomaly  to  have  a  fan-shaped  dispersal train. In more  com- 
plex  areas,  where  there  have been numerous flow directions 
during  glaciation, or multiple  glaciations, the dispersal  train 

trace to its source. 
may be diffuse or irregularly  shaped,  making it difficult  to 

IDENTIFYING  BASAL  TILLS 

tion of different  types of tills  is  beyond the scope of this 
A  comprehensive  discussion of criteria for the recogni- 

paper. However,  it  is  important to  emphasize that glacial 
sediments  can be eroded,  transported  and  deposited by  a 
wide variety of mechanisms,  all of which  may produce  tills 
of distinctly  different character. Tills may form by primary 
processes  involving  the  direct  release of debris  from  a gla- 

cial  environment  (Dreimanis, 1988). Till characteristics are 
cier, or by  secondary  resedimentation  processes in the gla- 

dependent on their position of deposition (subglacial, su- 
praglacial or ice  marginal),  place of transport  (basal, 
englacial or supraglacial).and  dominant  depositional 
mechanism  (lodgement,  melt-out,  flow or deformation). For 
the purposes of drift prospecting,  distance of transport is 
especially  critical  and  two main varieties of till are  com- 
monly  distinguished:  basal tills. comprised of debris trans- 
ported  at or near  the  glacier  base,  and  supraglacial  tills, 
comprised  of  debris  transported  on or near the top  of  the 
glacier  (Dreimanis, 1990). The latter, often (but inappropri- 

debris  flows  and are comprised of relatively far-travelled 
ately)  referred to as  ablation tills, are nsnally deposited as 

debris.  Basal tills, deposited  by  lodgement or melt-out proc- 
esses,  are  typically  more  locally derived than supraglacial 

by  higher  total  clast  contents,  more  angular  and  fewer stri- 
tills. Snpraglacial  tills  may be distinguished from basal tills 

ated  clasts,  typically  weaker  and  more  randomly  oriented 
pebble  fabrics,  and  the  common  presence of interbedded 
sand  and  gravel  deposits (Levson and Rutter, 1988).  The  two 
till varieties  may alsobedistinguishedgeomorphologically; 
supraglacial  tills typically occur in areas of hummocky to- 
pography  and  basal  tills in fluted or drumlinized regions. 
This  is  not to say, however, that  geomorphic  data alone are 
diagnostic. For example, fluted and drumlinized  areas may 

be blanketed by  a thin cover of supraglacial till. !;imiIarly, 
basally  derived, flow tills  may be confused with ~.elatively 
far-travelled, supraglacial,  flow tills. Because of lhis diffi- 
culty in distinguishing  different till facies,  a  multip le criteria 
approach using sedimentologic,  stratigraphic  and geomor- 
phic  data is recommended  for  the  interpretation of glacial 
deposits (Levson and Rutter, 1988; Dreimanis, 1990). 

QUATERNARY GEOLOGY OF THE 
SOUTHERN  NECHAKO PLATEAU 

SURFICIAL  DEPOSITS 

Nechako  Plateau  was  conducted by Tipper (1!)71)  and 
Regional  snrficial  geology  mapping in the southern 

Howes (1977). More  detailed mapping, for mineral explo- 
ration purposes, has been recently  conducted  by (Xes and 
Kerr (1993). Proudfoot (1993). Ryder  (1993)  and  Levson 
and  Giles  (1994).  Unconsolidated  deposits in the region are 
generally  a  few  to  several  metres  thick but ma) attain  a 

extensive cover of till blankets most of the plateau with 
thickness of 200 metres or more in some large valleys. An 

drumlins and other  streamlined  glacial  landforms covering 
approximately half of the region. Till thickness vaies from 
a  few to tens of metres in low-lying areas  to le!:s than 2 
metres in upland regions  and  along  steep  slopes.  The thick- 
est  sequences tend to be in valleys  oriented perpendicular to 
the regional ice-flow direction. 'nvo distinct faciesofmorai- 

Nechako  Plateau:  a  massive,  compact, matrix-supported, 
nal sediments  (Photo 6-1) are  recognized on the southern 

fine-grained diamicton  (poorly sorted deposit con!:isting of 
mud, sand and  gravel)  and  a  loose, massive to stratified, 

basal melt-out till  and  the  latter to be  debris-flow deposits. 
sandy diamicton. The  first  is  interpreted  tobe  lodgement  and 

Basal  tills  seldom  occur  at  the  surface, usually being over- 
lain by  glacigenic debris-flow deposits  and,  on slopes, by 
resedimented diamictons of colluvial origin. 

moderate to  strong  platy  fissility  and  vertical joint .ng, both 
Deposits  interpreted as  basal tills  commonly :xhibit a 

with  iron  oxide  staining.  Subhorizontal  slickenside  surfaces 

till.  Clasts  are  mainly  medium  to  large  pebbles but  they 
are sometimes present, especially in clay-rich pais  of the 

range in size  from  small  pebbles  to large boulders. Total 

Photo 6-1. Massive,  compact,  matrix-supported,  fin,:-grained 
diamicton  (basal till) overlain by loose, massive  to  stratified,  sandy 
diamicton  (debris-flow  deposits) at the Wolf deposit. 
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Photo 6-2. Basal till unconformably  overlying  glaciofluvial  grav- 
els and sands in a typical Quaternary  section on the  Nechako 
Reservoir.  The  exposure  is 6.5 metres  high. 

Photo 6-3. Glaciofluvial gravels and sands  on the Nechako Rcscr- 
voir  exhibiting  large-scale planar crossbedding.  The  exposurc  is 
12 metrcs  high. 

Photo 6-4. Climbing-ripple  bedding in well sorted,  glaciolacus- 
trine silts  and fine sands  approximately 50 kilomctres  north of the 
Nechako Rescrvoir.  The  exposure is 1 metre  high. 

~~ ~ ~~ _ _ _ _ ~  ~ 

maybeupto50%.Subangulartosubroundedclastsaremost 
gravel content generally is between 10 and 30%  but  locally 

common  and  typically  up  to  about 20% are  glacially 
abraded. Striated  clasts  are  commonly  bullet shaped, faceted 
OJ lodged; the a-axes of elongate  clasts  are  often aligned 
parallel to ice-flow direction.  Lower contacts of basal till 
units  are usually sharp and planar (Photo 6-2). All of these 
characteristics  are  consistent with  a basal melt-out orlodge- 
ment till origin (Levson and Rutter, 1988). The presence of 
injection structures and sheared, folded and faulted  bedrock 
slabs within these deposits indicates  the  local  development 
of deformation tills. 

Diamictons of inferred debris-flow origin  are  loose  to 
weakly compacted and are  either  massive  or interbedded 
with stratified  silt,  sand or gravel. These diamictons typi- 
cally contain 20 to 50% gravel, but  locally  may  have up  to 
70% clasts.  Subangnlar to subrounded clasts  are  most  com- 
mon,  but in  some exposures angular  fragments dominate. 
Up  to  10% of the  clasts  may be striated.  Lenses and beds  of 
sorted  silt,  sand and gravel occur in many  exposures and 
may be continuous  for up to 5 metres,  although they are 
commonly  less than a metre wide. These deposits are  inter- 
preted as glacigenic debris-flows and resedimented glacial 
deposits and they commonly are  in gradational contact with 
underlying basal tills. 

fragments, occur as thin veneers on steep slopes throughout 
Colluvial deposits, comprised mainly of local  bedrock 

the  area. They  grade  downhill  into a thicker  cover  of collu- 
vial diamicton derived from both local  bedrock and till.  Col- 
luvial diamictons are  differentiated from till by their  loose, 
unconsolidated character, the presence of coarse,  angular 
clasts of local bedrock, crude  stratification and lenses of 
sorted  sand and gravel. 

by glaciofluvial  outwash,  glaciolacustrine  sediments or flu- 
In  most valleys, morainal sediments are  largely buried 

vial  deposits.  Glaciofluvial  sediments  occur as  eskers, 
kames, terraces, fans  and  outwash  plains  in valley bottoms 
and along valley flanks. They consist mainly of poorly to 

cobble  gravels  with interbedded  sands  (Photo 6-3). 
well sorted, stratified, rounded to well rounded, pebble to 

Glaciofluvial sand and gravel sequences  up  to tens  of metres 
thick  occur in large  valleys  whereas in other areas they occur 
mainly as veneers, up  to a few metres thick, over till. Ice- 
marginal meltwater channels, formed during ice retreat or 
stagnation,  are  commonly associated with these  glacioflu- 
vial deposits.  Large esker  and  kame complexes  are also lo- 
cally  common.  Postglacial,  fluvial  sediments  consist mainly 
of meandering stream deposits,  often  with  gravel channels. 
Floodplains are dominated by fine  sands,  silts and organics. 
Postglacial  alluvial fans  are generally not a prominent  fea- 
ture of the region except  in  the  more  mountainous  areas  in 
the  south  (Giles  and  Levson,  1994a;  Levson  and Giles, 

thick, deposited in a series of ice-dammed lakes are espe- 
1994). Widespread glaciolacustrine  clays, up  to 30 metres 

cially  common in the northern parts  of the region. They typi- 
cally  consist  of  horizontally  stratified,  well  sorted,  fine 
sands,  silts and clays (Photo 6-4). 
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Photo  6-5.  Northeast-trending, fluted and  drumlinized  terrain  re- 
flecting regional  ice-flow  direction  during the last glaciation in  the 
Arrow Lakc area (White claim  group)  (Government of British 
Columbia air photo 88074.063). 

ICE-FLOW HISTORY 
The Nechako Plateau has a complex history of ice  flow 

due  to multiple ice sources and  varied topography (Tipper, 
1971) but in comparison with more mountainous parts of 
British Columbia the ice-flow history of the plateau is  rela- 
tivelysimple.DuringthelastorLateWisconsinanglaciation 
ice moved north, northeast and east  onto  the Nechako Pla- 
teau from the Coast  Mountains.  Coast Mountain ice ex- 
tended as far  east as the Fraser River before coalescing with 

The direction of regional ice flow during the  last  glaciation 
Cariboo Mountain ice  flowing  to the west and northwest. 

is rcflccted in the geomorphology of many regions by ex- 
tensive  areas of unidirectional, fluted and drumlinized ter- 
rain (Photo 6-5). Minor modifications in ice  flow resulted 
from topographic control during both early and late  stages 
ofglaciation. Topographiccontrol ofice-flow  directiondur- 
ing early  glacial phases is indicated by valley-parallel striae 
on bedrock surfaces  that  are buried by thick till sequences 
in the Nechako Reservoir area. At the  Late Wisconsinan gla- 
cial  maximum, ice covered the highest peaks in the  region: 
ice flow appears to have been unaffected by topography, 
suggesting an ice thickness in excess of 1000 metres. Ori- 
entations of crag-and-tail  features, drumlins, glacial flutings 
and bedrock striae  across  the region typically  indicate nonh- 
easterly  to  easterly  flow during full  glacial times (Photo 6- 
5). Crosscutting striae  along  thc  sides of some mountains in 
the  region indicate topographically influenced ice flow dur- 
ing waning stages  of glaciation. 

Plateau was  investigated by the authors during detailed  stud- 
The Quaternary stratigraphy of the southern Nechako 

ies of the Fawnie Creek  map  area (93F/3) and reconnais- 

the  Nechako Reservoir (93F/6,7,  and IO; Figure 6-1). Pre- 
sance  stratigraphic  studies of exceptional exposures along 

liminary results of these  studies  indicate  that tills deposited 
during the  last  glacial period are underlain by a thick  unit of 
advance phase glaciofluvial deposits (Photo 6-2) and strati- 
graphically overlain by a complex sequence of glaciofluvial 
(Photo 6-3) and glaciolacustrine  (Photo  6-4)  deposits. The 
latter include both proximal glaciolacustrine  deposits  con- 
sisting of strongly deformed, interbedded mud, sand and 

gravel facies and an overlying more  distal sequence of  well 
bedded sand,  silt and  clay  facies.  The  stratigraphic record of 
pre-Late  Wisconsinan  glacial  events in the re:ion was 
largely removed during the  last glaciation. 

EXAMPLES OF GLACIAL DISPERSAL 
TRAINS IN THE SOUTHERN NECHAKO 
PLATEAU 

WHITE CLAIM GROUI: ARROWLAKE 
MINERAL  SHOWING 
(NTS 93F/IlE, 6E; LATITUDE 53'30'N, 
LONGITUDE  125°05'W). 

The Arrow Lake mineral showing on the  White claim 
group of Newmont Exploration of Canada Limitec , was  dis- 
covered  in  1987 by following a train of stibnitz-bearing 
quartz  feldspar wackeltuff erratics  (Bohme, 1988). The er- 
ratics were traced up-ice (southwesterly) approximately 7 
kilometres before the mineralized zone was discovered. The 
property is located south of the Ootsa Lake logging road, 
about 10 kilometres southwest  of Kenny dam on the north 

tire  area  is covered by a blanket of till with flutes 5 nd drum- 
side of the  Nechako  Reservoir (Figure 6-1). Almcst the en- 

linoid  ridges trending north-northeast (Plate  6-5). Organic 
deposits and glaciofluvial  sands and gravels occur  in low- 

by Eocene  felsic volcanics and minor sedimentar:/ rocks of 
lying areas. Bedrock outcrops are rare. The area is  underlain 

the  Ootsa Lake  Group (Tipper, 1954, 1963; Dixkow and 
Koyanagi, 1988). 

Intensely  sheared,  arknsic  sandstone  and IAeached, 
pyritiferous  and  silicified  rhyolite host the  showing,  be- 
lieved to  be a high-level epithermal deposit (Bohnle, 1988). 

zones. Erratic  gold concentrations and variable amounts of 
Stibnite occurs in chalcedonic veinlets and siliceous breccia 

pyrite,  arsenopyrite,  cinnabar  and  marcasite  arz charac- 
teristic of mineralization in the  area. Elevated valn z s  of rner- 
cury  (6200 - 28000 ppb), antimony (660 - 21800 ppm), 
arsenic (21 - 598 ppm), barium (up  to 239 ppm) and  minor 
gold (up to 86 pph) occur in a northeast-trending zone 600 
metres wide and 150 metres long.  Samples wen: taken at 
depths of at least 15 centimetres (presumably of A mdB soil 
horizons) and the -177 micron (-80 mesh) fractions were 
analyzed  for  gold and 30 additional elements. 'rhreshold 
values (based on the  95th  percentile) were determined to be 
4 ppb gold, 0.4 ppm silver, 96 ppm  arsenic, 78 '?pm  anti- 
mony, 146 ppm barium and 166 ppm zinc: arsenNc and an- 
timony,  and  barium  and  zinc  showed strong positive 
correlations (Bohme, 1988). 

soils, extends for  at  least a kilometre down-ice from  the Ar- 
A dispersal  train, defined by the antimony (:ontent of 

row Lake showing. Contoured antimony values,  from soil 
samples taken every 25 metres on a grid with a lirse spacing 
of 100 metres, are  shown  on  Figure 6-2. The antimony 
anomaly, defined by the IO ppm contour, is 1 kilonetrelong 
and up  to  200 metres wide. The highest values (100 ppm) 
occur  directly down-ice from the mineralized ou::crop. Ar- 
senic concentrations greater than IO ppm correspond well 
with the antimony anomaly but  aremoreerratic. Anomalous 
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Figure 6-2. Antimony soil anomaly  extending  down-ice  from  the 
Arrow  Lake  mineral  showing  (White  claim  group).  Anomalous 
arsenic and gold values  are  shown as point  data. See Photo 6-5 for 
aerial  photograph of area. 

gold values  are also erratic  (Figure 6-2) and  occur  mainly 
in clay-rich  tills  (Bohme, 1988). 

CH 10-16 MINERAL  CLAIMS 
(NTS  93F/7E, 8 W; LATITUDE 53O3l'N, 
LONGITUDE 124°25'w) 

The  Placer  Dome Inc. CH  property  is  located  near kil- 
ometre 100 on the  Ootsa-Kluskus  forestry road near  the 
Kluskus logging  camp (Tigure  6-1). The  area is underlain 
mainly  by Middle  Jurassic  andesitic tuffs and flows  of the 
Hazelton  Group and occurs near the  margin  of  a  small gra- 
nitic  pluton  (Tipper,  1954,  1963).  Lead-zinc-silver-gold 

trenches in two areas on the  property (Figure 6-3). In the 
mineralization  in  bedrock  has  been  exposed  in  shallow 

northwest,  massive  pyrite, magnetite, sphalerite, galena and 
arsenopyrite,  with  minor  chalcopyrite  and  quartz  occur in 

Figure 6-3. Surficial geology and distribution  of  gold,  copper  and 
arsenic  soil  anomalies on the  Placer  Dome Inc. CH  properly  near 
Chntanli  Lake  (modified  from  Edwards  and  Campbell, 1992). 

veins  and  fractures. In the  centre  of  the property, a quartz- 
magnetite-pyrite-chalcopyrite  stockwork in altered  and 
silicified  volcanic and intrusive  rocks  carries  minor gold. 
(Edwards  and  Campbell, 1992). The  site  is  blanketed by up 
to  20  metres oftill  and glaciofluvial  deposits.  Several, large, 

allel  to  the regional ice-flow  direction. 
drumlinoid features on the  property  trend northeasterly, par- 

Soil  samples  were  collected  mainly  from  the  B-horizon 
at  depths  of 10 to 100 centimetres.  The -177 micron (-80 
mesh)  fractions  of  the  samples  were  analyzed by ICP. 
Thresholds  between  background  and  anomalous  values 
were  interpreted  from  previous  statistical  analysis  of  soil 
geochemical  data in the  area  (Warner  and  Cannon, 1990). 

A  well  developed  dispersal  train  in  the  till  extends 
northeasterly (down-ice) from the area  of  copper-gold min- 
eralization in the  centre of the  property  (Figure 6-3). The 
lateral  extent of glacial  dispersal in the  area  was fmt real- 

anomalies  on two sampling  grids  separated  by  over 800 me- 
ized with  the  discovery  of  ice-parallel  trends in soil  copper 

tres (Warner  and  Cannon, 1990). Dispersal  of mineralized 
material  is  defined  by  an  elongate,  multi-element, geo- 
chemical soil anomaly  as  well  as  by a boulder  train  that 
extends  for  over  a  kilometre  down-ice  from  the mineralized 
outcrop.  Mineralized  rock  fragments  (quartz  stockwork 
with magnetite, chalcopyrite  and  pyrite)  are  common  in  the 
train  and  are  readily  recognized by malachite staining. 
Anomalous  values  of  gold, silver, copper, lead and  zinc in 
soils commonly  extend up  to  2  kilometres  northeast of the 
mineralized  zone.  The  main  area  of  anomalous gold values 

width and is 1.5 kilometres long (Figure 6-3). The  copper 
(up  to 1310 ppb) varies  from  about 0.2 to 0.5 kilometre in 

approximately  coincident  with  the gold dispersal  train  (Fig- 
anomaly  (defined by values  ranging  from  82  to  903  ppm)  is 

ure 6-3) but is  much larger, extending  over  2  kilometres  to 
the northeast  and up to 800 metres in width. Soils in the  area 
directly  down-ice  from  the  showing  are  also  characterized 
by anomalous  values  of  zinc (1 80 to 1121 ppm)  and  silver 

Dispersal  trains  of  these  elements  are  very  similar, all form- 
(0.6 to 30 ppm)  and  concentrations  of lead up  to  2320  ppm. 

200  to  300  metres  wide  and 1 to 1. 5 kilometres long. Al- 
ing  long  and  narrow  anomalies  that  typically  are  only  about 

though  75%  of the samples  analyzed  for gold and  64%  for 
silver  were  below  the  detection  limit,  the ice-parallel elon- 
gation ofthe dispersal  trains  of  these  elements  and  their  co- 
incidence  with  the  anomaly  patterns  of  other  elements 
suggests  that they can  also be useful  for  detecting minerali- 
zation. 

Concentrations  of  copper on the  north  side  ofthe largest 

of two topographic bighs. Edwards  and  Campbell  (1992) 
soil  anomaly  (Figure  6-3)  are  highest  on  the  northeast  side 

attributed  the  resultant  northwesterly  'protrusions' in the 

northwesterly (330") ice-flow  direction.  There is no  other 
dispersal  pattern  to  a  possible  late  glacial  movement  with  a 

evidence, however, for such a flow  in  the  region  and  we 
prefer the interpretation  of  selective  deposition of the  cop- 
per-enriched  till  along  the lee-side of  topographic highs. 
Preferential  deposition of tills in lee-side settings in both 
modem  and  ancient  glacial  environments  has  been  well 
documented in other  mountainous  areas  (Boulton, 1971; 
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Haldorsen,  1982;  Levson  and Rutter, 1986). Some enrich- 
ment  by hydromorphic processes is  also  prohahle  hut  coin- 
cident  elevated values of other  elements  such as gold, lead, 

graphic highs is  more consistent  with a lee-side origin. 
zinc  and  silver in some of the low areas northeast of topo- 

Elevated  arsenic  values (33 to  1020 ppm)  at  the prop- 
erty occur  over  an area 2 kilometres  long  and  up to 700 

tends  over a kilometre up-ice from  the  main copper-gold 
metres  wide  and  form a broad, fan-shaped  anomaly  that ex- 

deposit (Figure 6-3). Edwards  and  Campbell  (1992)  specu- 
lated that the particularly thick  drift  along  the  southwest part 

ments in this area. A similar  argument was  used by Warner 
of  the  anomaly may account for  the  low values of other ele- 

and  Cannon (1990) to explain low values of copper, gold 
and molybdenum in some parts of the area. The location, 
large size  and well developed fan shape of the arsenic anom- 
aly  suggest that another  mineralized  bedrock  source may 

This  is  also  suggested by a magnetic  high  that  coincides  with 
occur  near or up-ice from  the  southwest  end of the anomaly. 

the  anomaly in the vicinity of the  lake (Figure 6-3) at  the 
wcst  side of the  property  (Edwards  and Camphell, 1992). 

A second,  less well developed dispersal train is associ- 
ated with the lead-zinc-silver-gold showing in the  northwest 
part of the area (Figure 6-3). Elevated values of arsenic, lead 
and  zinc  occur  over a broad  zone  extending northeast from 
the  sulphide  veins. Interestingly, anomalously  high values 
of all  three of these  elements, as well as silver, also occur 
on a small hill about 1 kilometre directly northeast of the 
mincralized zone. The elevation of this hill  at  the up-ice end 

ing. Only background  levels of arsenic, lead,  zinc  and  silver 
of the  anomalous  area  is nearly identical to that at  the  show- 

occur in a low area  that  separates  the hill from  the  sulphide 
veins. This  suggests  that  the  anomaly on the hill may reflect 

less likely, the  anomaly  patterns may have resulted from  ice 
an undiscovered area  of mineralization. Alternatively, but 

erosion of bedrock at  the showing  and  subsequent redepo- 
sition of the  mineralized  material at  the  same elevation on 

in between. For this to occur, glacial flow lines must have 
the  next hill down-ice, with little  deposition in the  low  area 

been nearly horizontal  and  the  intervening  low area may 
have been infilled with sediment, now eroded away, or rela- 
tively inactive  ice  that would have prevented deposition of 
any significant amount of till. 

Other  large  glacial dispersal trains have been described 
in  the  Chutanli  Lake  region by Mehrtens et al. (1973) and 
Mehrtens (1975). An extensive  (up to 9 km2) B-horizon soil 
molybdenum anomaly, about 3 kilometres  northwest of the 
CH property, extends for nearly 2.5 kilometres northeast of 
an  area of mineralized  bedrock  containing  more  than 0.03% 
molybdenum.  Much of the  anomalous  area  occurs  down-ice 
and  up-slope of the  bedrock  metal  source  and  it  is  therefore 
inferred to  have formed by glacial  dispersal processes. Mo- 
lybdenum values range  from 15 to  50 ppm overmuch of the 
anomalous  area.  They are relatively widely dispersed over 
an area up  to three  times  the  width of the 800-metre-long 

lous  molybdenum  values,  with a maximum anomaly  con- 
zone of bedrock mineralization. However, strongly anoma- 

trast  of  48  times  threshold values,  are  probably  of 
hydromorphic  origin  and  occur in the  overburden immedi- 

ately  down-slope  from  the  bedrock  source  (Mehrtens, 
1975). 

The  CH property provides  an  excellent  example of gla- 

cover.  As discussed above, dispersal trains in tht: area are 
cia1 dispersal  processes in an area of relatively thick till 

well  developed  and up  to 2 kilometres  long  and s e w a l  hun- 
dred metres wide. They  show a pronounced  elongation par- 

occur  at or near  the  up-ice  end of the dispersal Vains. The 
allel to the ice-flow direction  and  mineralized  source rocks 

anomalies  have relatively sharp  lateral boundaries. and  have 
typical cigar  and  fan  shapes  characteristic  of trains formed 
by mechanical dispersal processes  at  the  base of  ,:laciers. 

WOLF  PROPERTY 
(NTS  93Fj3W;  LATITUDE 53"12'N, 
LONGITUDE  12Y27'W) 

The  Wolfepithemal gold-silver deposir occursnear  the 
terminus of the  Kluskus-Malaput  logging road .Ibout 130 
kilometres  southwest of  Vanderhoof (Figure 6-1). Minerali- 
zation was  discovered in 1982  following  up resuits of a re- 
gional  lake  sediment  sampling  program  conducted by  Rio 

by Eocene  felsic  volcanic  and  subvolcanic  intrusive rocks 
Algom Exploration Inc. The property is  underlsin  mainly 

of  the  Ootsa  Lake  Group (Tipper, 1954, 1963, Andrew, 
1988;Dawson,1988).AttheRidgeandBlackflyzones(Fig- 
ure 6.4). gold-silver occur in silicified hydrothema1 brec- 
cias  and stratahound, pervasively silicified and  xecciated 
rhyolite  (Dawson,  1988).  Metallic  minerals  include micron- 
sized  electrum,  silver  and  galena  as  well  as  minor fine- 
grained disseminated pyrite  and rare chalcopyrite (Andrew, 

to 2 grams per tonne  range, but  grades  as  high as 8.5 grams 
1988). Typical gold  grades in altered hostrocks  are  in  the 1 

Figure 6-4. Surficial geology  and  silver soil anomalies at the 
Wolf deposit. 
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per tonne gold and  42.2  grams per tonne  silver are reported 
in trenches containing  silicified  breccia  (Dawson, 1988). 

rclief where the drift  cover  is relatively thin (Figure 6-4). 
The mineralized zones occur mainly in areas of positive 

Bedrock  outcrops  occur  sporadically throughout the prop- 

tour. Terrain maps of theregion  (Howes,  1976; Ryder, 1993) 
erty  and increase in abundance  above  the  1250-metre  con- 

indicate a comparatively  thick  drift  cover in major valleys 
and lowlands. Till thickness  increases  from generally less 
than a few  metres around the deposit  to  several metres or 
more  down  ice  (northeast).  Morainal  sediments of the last 
glaciation occur  throughout  the area and include  lodgement 
and melt-out tills,  glacially derived debris-flow sediments 
and minor  glaciolacnstrine  and  organic deposits. 

at  the  site  every 25 or 50 metres on  east-trending  lines 
Soil samples for  geochemical analysis  were collected 

spaced 200  metres  apart.  Samples, collected from  the  B  soil 
horizon at depths of 15 to 45 centimetres,  were  analyzed by 
ICP for 30 elements;  gold and silver  data  were  plotted  on 
1:5000  scale  maps  (Dawson, 1988). 

Anomalous gold ( 15 ppb)  and  silver ( 1 ppm)  values 

Ridge zone, high gold contents in bedrock are not well re- 
generally cluster around mineralized areas. However,  at  the 

flected in the  overlying  soils;  for  example,  values of only 5 
ppb  occur in soils  directly  above bedrock containing nearly 
8.8 grams per tonne gold (Dawson,  1988).  This may he  a 
reflection of the generally  shallow depth of soil sampling 
(D. Heberlein, personal communication,  1993) or of anon- 
local origin of the overlying  surficial  materials. The sedi- 
ments immediately  overlying bedrock at the Ridge  zone  are 
mainly tills  and  glacially derived debris-flow deposits.  Un- 
like colluvial sediments or residual  soils,  these  deposits 
should reflect  the  composition of bedrock in up-ice areas 

pattern of dispersal of anomalous  silver  and  gold in soils in 
and  not in the immediate vicinity of the  sample  site.  The 

silver  anomaly  occurs  northeast of the Blackfly  zone  and  is 
the area  (Figure  6-4)  supports this interpretation.  The main 

nearly 500  metres wide. The soil  anomaly  is  inferred  to  he 
separated from  it  by a  gap of low  background  silver values, 

a glacial  dispersal  train  extending  down-ice  from the  min- 
eralized  zone.  Although  weakly  developed,  the  anomaly  is 
more than a kilometre  long and 100 to  400  metres wide. 
Silver  concentrations  higher than 2 ppm occur  as  much as 
2.3 kilometres directly  down-ice  from  the  deposit.  Anoma- 
lous gold concentrations (defined as the mean  plus 2 stand- 

broad zone  down-ice  from the deposit. One of the  highest 
ard deviations) are  more  erratic,  hut  generally  occur in a 

Blackfly zone. Some  lateral variation in the  silver and gold 
gold values in soils  occurs 1.2 kilometres  northeast of the 

dispersal pattern may he  due  to local variations in ice  flow 
caused by the bedrock topography; bedrock  striae  indicate 
ice  deflection of  up to  30" around the margins of the  knoll 
hosting the Ridge zone. 

The  area  of  low  values  directly  down-ice  from  the 
Blackfly  zone  is  presumably a result of dilution by till de- 

cia1 dispersal  in  the area has  offset  the  geochemical 
rived from unmineralized bedrock  further up-ice. Thus, gla- 

Likewise, the highest  silver  values, in surface  soil  samples 
signature of the deposit nearly 500 metres to the northeast. 

northeast of the  Ridge  zone,  occur  about 500 metres  down- 
ice  from  the mineralized area.  However,  the  accumulation 
of organic, lacustrine and glaciolacustrine  deposits in this 
region has probably  obscured  any  development of a north- 
easterly  trending,  linear  soil anomaly, like  the  one  down-ice 
from  the  Blackfly zone. 

CONCLUSIONS 

Plateau produce  well  developed  dispersal  trains,  detectable 
Glacial  processes in till covered  areas in the  Nechako 

by  standard  soil  geochemical  surveys.  Basal  tills  are  thepre- 
ferred  sampling  medium  for  identifying  glacial  dispersal 
trains. Soil  anomalies  associated with glacial  dispersal of 
mineralized bedrock  are  np  to  a  few  kilometres  long  and 
several  hundred  metres or more wide; isolated  anomalies 
associated  with  the  trains  may  cover  much  larger  areas. 
They  show a  pronounced  elongation  parallel  to ice-flow di- 
rection, with mineralized  source  rocks  occurring  at or near 
the  up-ice  end of the dispersal  trains. The soil  anomalies 
typically  have  relatively  sharp  lateral  boundaries  and  typical 
cigar or fan  shapes,  characteristic of trains  formed  by  me- 
chanical  dispersal  processes  at  the  base of glaciers.  Geo- 
chemical  data  from  tills  reflect  the  geochemistry of the 
up-ice  bedrock  sources and not  that of the  immediately un- 

property, near-surface  soil  anomalies may be offset, in a 
derlying bedrock. In  areas of thick  till, such as  at  the Wolf 

down-ice  direction, by 500  metres or more from  their bed- 
rock source. Drill targets in these  areas  should he  sought  up 
ice,  rather than at  the head, of the anomaly. 

glacial  dispersion in the region is well evidenced  by  the Ar- 
The  elongate nature of soil anomalies  resulting  from 

row Lake antimony anomaly  which is approximately five 
times  as  long  as  it  is  wide  (1000  metres  long  by 200 metres 
wide). Similarly, at the  CH property, zinc,  silver and lead 
geochemical  anomalies  are  typically200  to300metreswide 
and 1 to 1.5 kilometres long. The  copper  soil  anomaly at the 
CH property is  much  broader  (800  metres) and longer (2 
kilometres).  Gold,  and  to a lesser  extent silver, anomalies 
tend to  be  erratic  and  more poorly developed than other  ele- 
ment  anomalies,  probably  due  to  the  nugget  effect. 

Except  along  some  creeks and steep slopes, hydromor- 
phic dispersion  effects  have  apparently  not modified anom- 

influence of topography seems  to  he in the  formation of lee- 
aly patterns in the  region  to any great  degree.  The main 

side  settings  where  till  is  preferentially deposited. Although 
topography may  also have temporarily effected local ice- 
flow directions,  dispersal of mineralized materials  appears 
to  have  been  dominated  by  the  northeasterly  regional  ice 

mary pattern.  This  is well  illustrated by  the  predominant 
flow; subsequent  local variations  have not obscured this pri- 

down-ice  dispersal of molybdenum  near  the  CH property, 
even though the down-ice  direction is mainly  up-slope  from 
the  deposit. 

ments most  abundant in the mineralized  material  appear to 
Pathfinder  elements vary with deposit type, and  ele- 

produce  the  largest and strongest  soil  geochemical  anoma- 

the CH  copper porphyry, and  Ag at the Wolf gold-silver epi- 
lies (Sb at the stibnite-bearing  Arrow  Lake  deposit, Cu at 

thermal  deposit).  However,  multi-element  analysis of all 
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samples  is  recommended to increase  the  likelihood of dis- 
covering  unexpected mineralization, even  in property-scale 
investigations, as exemplified by the  arsenic  data  at  the CH 
property. 

(up  to several  kilometres long) and  more readily detected 
Erratics trains in  the region appear to be much longer 

than  soil  anomalies (typically 1-2 kilometres long). The Ar- 
row Lake showing, for example,  was discovered by tracing 
an  erratics train 7 kilometres long, whereas  thegeochemical 
soil  anomalies  in  the  area are typically only 1 kilometre 
long. This  emphasizes  the  importance of pebble  counts  and 
boulder prospecting surveys in drift exploration programs. 

persal patterns, transportation distances, Quaternary strati- 
A basic understanding  of ice-flow direction, glacial dis- 

graphy  and  the  origin  of  different  sampling  media  is 
required for a successful  drift  exploration program. In addi- 
tion to pedologic  and site information, sedimeutologic  data 
should be collected at sample  sites in order to distinguish till 
from  glacigenic  debris-flow,  colluvial,  glaciofluvial  or 
glaciolacustrine sediments. These  sediments  have  different 
processes of transportation and  deposition which must be 
recognized in order to understand associated mineral anom- 
aly patterns. Poor results of some  traditional  geochemical 

pling of different  types of  sediments. Interpretation of  data 
soil  sampling  programs may be  due  to indiscriminate sam- 

with  respect to glaciation may provide  the explorationist 
with new avenues to  explore  for bedrock  sources of miner- 
alized  float or geochemically  anomalous  surficial sedi- 
ments. 
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ORIGIN AND  STRATIGRAPHY OF PLEISTOCENE 
GRAVELS  IN  DAWSON  RANGE  AND  SUGGESTIONS  FOR 

FUTURE  EXPLORATION OF GOLD PLACERS, 
SOUTHWESTERN  CARMACKS  MAP  AREA  (NTS 1151) 

By Lionel E. Jackson, Jr. 
Geological Survey of Canada 

" 

INTRODUCTION 

out in the Dawson Range,  central Yukon since  1898 (Bos- 
Placcr  gold prospecting and  mining  have been carried 

lock,  1936).  Prospecting  and  mining activity has centred in 
the  areas of Victoria Creek,  the main fork of  Nansen Creek 

ure 7-1). This  arca  will henceforth bc referred to as the  Nan- 
and  Big  Crcck  and its tributaries above  Stoddart  Crcck (Fig- 

sen - Big  Creek  placer district. Rcgional surficial gcology 
mapping and  Quaternary  stratigraphic investigations of the 
Carmacks  map  arca (1 15-1) wcre  carricd  out  from  1988 to 

ternary geology and terrain inventory, cast-ccntral Yukon". 
1992  as a part of Geological Survcy of Canada projcct "Qua- 

This paper  presents  observations on the  origiu of major 
gravcl units within these  placer districts, including strati- 
graphic  and  paleoenvironmental information, which sheds 
some light on the  Quaternary history of the gravel deposits. 
Rccommcndations  are offered for  the  applications of these 
results  and  intcrpretations to the  search for new placers 
within this region. 

SETTING 

BEDROCK GEOLOGY 
The Carmacks  map  area (115-1) includes  the Yukon 

cataclastic  and  the Yukon crystalline terrains and the White- 

rains arc  composed  ofPaleozoic to Jurassic  sedimentary  and 
borseTrot~gh(Tempelman-Kluit, 1978;Figure7-2).Theter- 

volcanic rocks and their cataclastic  equivalents which have 

Whitchorsc Trough is a former  back-arc basin  which  re- 
bccn intruded by plutons of Triassic and Jurassic age. The 

ceivcd volcanolithic and arkosic  clastics  from  the  Late Tri- 

during  episodes of continental  accretion  from  the  Middle to 
assic through the Cretaceous. These terranes were  sutured 

Late  Cretaceous.  Suturing  was  accompanied by the intru- 
sion of biotite  leucogranite,  biotite  hornblende  granodiorite 

Nansen  Group  consists  of  andesite,  dacite  and  rhyolite  that 
and  hornblende  syenite plutons. The  Late  Cretaceous  Mount 

were  erupted in the  southwestern  quarter  of  the  map area 
during or shortly after  suturing. The extensive basalt flows 
and  related  volcanoclastic  sediments of the  Carmacks 
Group  crupted  contemporaneously with the  Mouut Nansen 
group  over  an  eroded  surface with local relief of up to 700 
metres  (Tcmpelman-Kluit,  1974, 1980). 

Figure  7-1.  Location  of the Nansen - Big  Creek  placer  district. 

MN - Mount  Nansen,  VM - Victoria  Mountain; A - 1oc:ation of 
Large bold type:  PM - Prospector  Mountain,  TP - Triphp Peak, 

pre-Reid  outwash and Wounded  Moose  soil, B -core 88 LIDH 115 
and pre-Rcid meltwater  channel. 

PHYSIOGRAPHY 

within  the  Yukonplateaus  (Mathews,  1986),arolling  uplaud 
The  Nansen - Big  Creek  placer  district lies tentirely 

with broad and  accordant  summits  and ridges that typically 
lie helow 1500 metres. Relief is  generally  in  the rmge of 
750 to  900 metres, although  isolated  peaks in the  1)awson 
Range  such  as Tritop  Peak, Victoria Mountain  and Klaza 
Mountainrisetomorethan 1820metres(Figure7-1).Within 
the  Carmacks  map  area  (NTS 115A). the Yukon plateaus 
show no evidence of recent glaciation,  although scattered 
incised  cirque-like  valleys do occur  near  the  summits of 
some of the  highest  peaks,  such as Prospector  Mountain  and 



Figure 7-2. Bedrock geology  generalized  and modified from Tem- 

e/ a/. (1984). The dashed line outlines the Nansen - Big Creek 
pleman-Kluit (1979) using the chronologic  information of Grond 

placer  district. 

and Mount  Nansen.  The  morphology  of  the  contemporary 
Yukon plateaus  is inherited from  a  period when the  region 
was eroded to a  relative  relief  of  less  than  about 550 metres. 
Estimates  of  the  age  of this surface have ranged from Mio- 
cene to Eocene  (Bostock,  1936;  Tempelman-Kluit,  1980). 
Drainage  patterns in the  Dawson  Range, beyond the  limit of 
the  penultimate Reid glaciation, are primarily  dendritic  trel- 
lis  where major faults  control  stream  courses, or recurved 
trelliswhereeunkstreamsfollowthecurvilinearboundaries 

of  plutonic  bodies or other  nonlinear  discontinuities in the 
bedrock.  Drainage is disrupted in areas of  thick bog, drift 
and  sands  of  inactive  dunes. 

The  contemporary  westerly  flow of the Klaza River 
drainage  network  into  the  Nisling  River  (Figures 7-1 and  3) 
was  preceded by flow  to  the  south  through  the  broad 
swampy valley  presently  occupied by Lonely  Creek (Bos- 
tock, 1936,  1966;  Hughes, 1990). The Klaza River  was di- 
verted to its  present  course through glacially  induced  stream 
diversion and  capture  in  the  early  Pleistocene  (Bostock, 
1966). 

QUATERNARY CONTEXT 

area  and  adjacent  areas  of  central  and  southern Yukon was 
A chronology  of  four  glaciations  of the Carmacks  map 

constructed by Bostock  (1966)  based  on  morphostrati- 
graphic,  stratigraphic  and  geomorphic  evidence.  These 
were named Nansen (oldest), Klaza,  Reid  and McCoMd 
(youngest).  Although  till,  outwash  gravels  and  erratics  and 
ice-marginal  features  up to 1250  metres  elevation  associated 
with  the  two  oldest  glaciations  were  recognized by the pre- 
sent  author  and  previous  workers  (Cairnes,  1915;  Bostock, 
1936) within the Nansen-Victoria  and  Big  Creek  placer  dis- 
tricts, deposits of these glaciations have been largely re- 
moved by erosion or buried by colluvium.  Consequently, 
discrimination  between  the  two  glacial  deposits is not USU- 
ally possible. The  informal  name  "pre-Reid  glaciations" is 
therefore used in reference  to  both  glaciations. 

Deposits of  the two glaciations  can be discriminated in 
the area  of  Fort Selkirk, 80 kilometres  north  of  the  Nansen 
-Big Creek  placer  district.  There, basalts were  erupted  dur- 
ing  the  younger  pre-Reid glaciation (Jackson et al., 1991). 
Five K-Ar ages  have  been  determined  on  these  magnetically 
reversed basalts: 1.08-1  0.05  Ma (Naeser etal., 1982) 1.35-1 
O.O8Ma, 1.35f0.11 Ma, 1.47-10.11 Ma(Westgate, 1989) 
and 1.28f0.03 Ma (GSC K-Ar4168). The  radiometric  ages 

the  time  spans of reversed  geomagnetism  established in the 
and reversed paleofields of the  basalts are consistent  with 

geomagnetic p o l a r i t y  time  scale  (Mankinen  and  Dalrymple, 
1979;  Shackleton etal., 1990). 

The  penultimate  Reid glaciation is thought to have oc- 
curred  between  about  80  and  130  Ka B.P (Jackson et al., 
1991). During this event,  the  Cordilleran ice sheet  pressed 
against  the  western  and  southern  margins  of  the  Dawson 
Range.  Meltwaters  spilled  into  the  Big  Creek  and  Nisling 
River  basins  across  divides as high as 1000 metres  on  the 
west margin and  south-flowing  streams  were  dammed  at 
elevations  up to 1000 metres  along  the  south. 

12 ka B.P. (Jackson ef al., 1991). The  Cordilleran  ice  sheet 
The McConnell glaciation  occurred  between ca. 25 and 

also pressed  against  the  Dawson  Range but its  upper  limit 
was about  300  metres  below  that  of the Reid-age glacier. 
Meltwaters  crossed  the  Dawson  Range  only  between  Cross- 
ing  Creek  andNisling  River  (Figure 7-1). 

78 Geological Survey Branch 



Ministry of Energy, Mines and Petroleum .Pesourn* 

Figure 7 

6700. 

139'00' 

-3. Limits c 

7 5  km 

I f  the  Cordilleran  ice  sheet  during the Reid elaciation  in  the  area of the  Dawson 
I I I 
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pattcrn  indicates  aggradation along streams  draining  unglaciated  basins. 

LATE TERTIARYAND QUATERNARY 
WEATHERING HISTORY OF UNGLACIATED 
AREAS OF YUKON 

Analysis of fossil soils and  fossil pollcn from associated 
scdiments  indicates that Yukon enjoycd a much milder cli- 
mate until the  onset of glaciation in the  early  Pleistocene 
(Tarnocai  and  Valentine,  1989;  Tarnocai  and  Schweger, 
199 1).  Vcgetation and soils that existed in the Old Crow  area 

-10.1"Cand214mmrespectively)atthattime,areprcsently 
(contcmporary mean annual  temperature and precipitation 

found no farther north than central British Columbia (con- 

and 550 mm respectively; Drumke, 1964; Atmospheric  En- 
temporary mean annual  temperature  and precipitation 4°C 

vironment Service,  1982a  and b; Tarnocai and Schweger, 
1991). It is  reasonable to  believe that  the  paleoclimate of the 
Old Crow area, 6"  of latitude  south of the Dawson Range, 
contrastcd equally as dramatically  with  the  present climate. 

millions of years  almost certainly  resulted in a deeply 
Such a climate,  persisting over  hundreds of thousands or 

weathered  sediment  mantle  over  the Dawson Range. The 
well known White  Channel  gravel in the  Klondike district 
(McConncll,  1905)  was deposited during this period. The 
quartzose  composition of  this  unit, from  which its colour 

chemical weathering to eliminate less chemically resistant 
and name  derive, reflect a climate warm,  wet enough for 

lithologies (Boyle,  1979, p. 356). 

turned to warmer  and  wetter conditions at least once. l'he 
Following  the  pre-Reid glaciations, the  climate re- 

Wounded Moose paleosol is  commonly  found  devf loped in 
pre-Reid outwash in central Yukon (Smith et a[., 15186; Tar- 
nocai and Schweger, 1991). It formed  under a c1in.ate with 
a mean annual  temperature  of 7°C or greater  and nean an- 
nual precipitation of more than 500 millimeues. A Wounded 
Moose paleosol, developed  in pre-Reid gravels overlying 
till, was  exposed  beneath  colluvial  overburden along the 
valley  side  above  Discovery  Creek  during  exploratory 
trenching in 1989 (UTM 386000 6884000, A i n F i p e 7 - 1 )  
and  has been observed  elsewhere within the Wanst:n Creek 
basin (W. Lebarge, personal  communication, 1992'). 

The temperate  period  during  which  the thick (I m) and 
deep red Wounded Moose paleosol  developed  was of un- 
known duration. Between  the  time of paleosol  development 
and  the  onset  of  the  Reid  glaciation (ca. 1.2 Ma B.P. and ca. 
80-130  ka B.P.), the climate  probably alternated 'xtween 
glacial  climates  and  one  similar to  the contemporary inter- 
glacial  climate.  Climatic  conditions  during  at least some of 
these  glaciations  were as severe as any contempo'rq cli- 

els  are  commonly  cut by periglacial features  such as sand 
mates. Wounded Moose  soil  and  thepre-Reidoutwashgrav- 

wedges which are presently forming  in unglacierizcd areas 
of Antarctica (Pkw6, 1959). 
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Discovcry Creek basin is  cut by well formed sand wedges. 
The exposure of Wounded Moose  soil examined in the 

Evidcncc for  climatic  conditions during at least one inter- 
glacial period comes from core 88 DDH 115 recovered by 
Archcr-Cathro  and  Associates  Ltd.  (1981)  above  Pony 
Crcck in tbc Victoria Crcck basin in  1988  (UTM  382300 
6956000: B in Figure  7-1).  It intersected a pre-Reid melt- 
water channcl  filled with 21 metres of sediment.  Three 
zones indicative of soil-forming activity  were noted in the 
lower 15 metrcs of fill recovered in the core. Based on the 
intcnsity of weathering, the lowest  soil was interpreted as 
hcing corrclative  to the Wounded Moose soil. Pollensrecov- 
crcd from fine  sediment associated with less well developed 

than  today’s. These pedologic layers are separated by coarse 
soils were indicative of climates  similar  to or more severe 

and angular  stony  diamictons, probably colluvium, devel- 
oped through  gelifluction  when  the  margins  of  the 
mcltwatcr channcl  were devoid of vegetation and edaphi- 
cally uustablc. 

MAJOR GRAVEL UNITS OF THE 

DISTRICTS 

PRE-REID  GLACIATION OUTWASH 
Thc  oldest  gravels in the Nansen-Victoria  and Big 

Crcck placcr districts are outwash deposited during the wan- 
ing stages of the last pre-Reid glaciation. One exposure of 
this gravel, previously mentioned in conjunction with the 

thc valley side  aproximately  45 metres above  the floor of 
discussion on the Woundcd Moose soil, has been noted on 

Discovcry Crcck (A in  Figure 7-1) and elsewhere in the 
Nanscn Crcck basin (W. Lebarge, personal communication, 

sidc of thc Big Crcck valley up to the divide with Bow Creek 
1992). Gravels  arc discontinuously present along the north 

whcrc formcr prc-Reid meltwater channels are apparent at 
approximately 1100 mctres elevation. With few exceptions, 

and Klaza River basins only contain lithologies known to 
thcsc gravels and pre-Reid tills in the upper Nansen Creek 

occur in Dawson Range and thus indicate that the glacial ice 
prcscnt in the uppcr parts of the Nansen Creek, Big  Creek 

Dawson Range. 
and Klaza River basins originated from ice centres within 

NANSEN - BIG CREEKS PLACER 

REID OUTWASH AND  REID-AGE GRAVELS 
GRADED  TO  GLACIAL  IMPONDMENT 

During the Reid glaciation, the Cordilleran ice sheet 
advanced into the ice-free Dawson Range  from the west and 
south. This cffcctcd fluvial sedimentation in the Dawson 
Range through climatic change,  input of outwash and base 
lcvcl changes. 

CLIMATIC  CHANGE 

vegetation. Tree line was depressed more than 850 metres 
The  glacial climate largely  denuded the uplands of 

in  the central Yukon during the McConnell glaciation and 
the mean July temperature  is estimated to have been less 
than 5°C. hence  colder than the present (Matthews et al., 
1990). Because the Reid glaciation was more  severe than 

the McConnell, the effects of the former glaciation on the 
vegetative  cover  were  even  more pronounced. The resulting 
denudation made wbateverweatheredoverburden,formerly 
stabilized by vegetation, available  for  erosion  and transport, 
as well as sediment created by the  intense  physical weath- 
ering  environment  active during glaciation. This probably 
increased erosion rates and delivery of sediment  to  adjacent 
lowlands. 

OUTWASH INPUT 
Meltwaters  from  the  ice  sheet spilled across passes be- 

tween  Crossing  and  Seymour  creeks  and  down  the unnamed 

creeks (Bostock, 1936) in the  Big  Creek basin and  between 
creek which shares its  divide  with  Merris  and  Hoochekoo 

Rowlinson  Creek and upper  reaches of the  Nisling  River 
(Figure 7-3) farther south. These  meltwaters camed ont- 
wash gravels down Seymour  and  Big  creeks  and Nisling 
River. 

BASE LEVEL CHANGES 
Ice  sheet  encroachment  into  the Dawson Range raised 

base levels of streams flowing out of the  range  by  impond- 
ment and diversion along ice margins. As  much  as 20 metres 
of aggradation occurred along streams  draining nnglaciated 
basins such as Nansen Creek, Victoria Creek, Lonely Creek 
and Klaza River. Basins  that  were  dammed  and  also re- 
ceived  outwash locally accumulated exceptionally  thick de- 
posits of gravel. A tongue of the  Cordilleran  ice  sheet 
pressed up Big  Creek  below  the  confluence of Big Creek 
and Seymour  Creek  to  no less than 610 metres elevation, 
raising the  base  level approximately 150 metres. Glacial ice 
apparently crossed the low (945  m)  divide  between Menice 
and Hoochekoo creeks and thennnamed  creek  thatjoins Big 
Creek 5 kilometres below Stoddart Creek  (unnamed  creek 
in  Figures 7-1 and 3).  This glacial ice or resultant outwash 
sediment blocked Big Creek. These  events resulted in 183 
metres of gravel being deposited in  the  area of the  confln- 
ences of Seymour and  Stoddart  creeks with Big  Creek, 
where  terraces  underlain  by  unweathered  gravels  at  ap- 
proximately 823 metres are also present  on  ridge  highs (area 
of UTM  382300 6913400). 

Tributaries toBig  Creekahove the  Seymour  Creekcon- 
fluence would have had to aggrade  in  response  to  this sig- 
n i f ican t   ac t iv i ty   downst ream.   For   example ,   the  
approximately 12  metres of gravel  and  muck  overlying a 
highly productive gold placer at  Revenue  Creek may have 
been deposited at this time.  Radiocarbon  ages of more than 
40 000 years B.P. (GSC 4935) and  more than 38 OOO years 
B.P. (GSC  4963)  have been determined on wood from the 
top of the fill. Although these  ages do not  demonstrate  clear 
linkage  to aggradation during  the  Reid  glaciation, they at 
least  demonstrate  formation  predating  the  McConnell 
glaciation. 

Lithology  and  physical  appearance  allow  easy dis- 
crimination between Reid outwash  gravels  and  gravels de- 
posited by  streams that drained glacier-free basins  during 
the Reid glaciation. Outwash contains  a  significant  content 
of lithologies  external to the basin, whereas  Reid  age non- 
outwash  gravels  have  lithologies  only  occurring upstream. 
The most striking  difference is in  the  physical  appearance 
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of  the  two  types of gravel.  Outwash  gravel  typically  is 

teristically  occur in planar  stratified  to massive facies  for 
coarse, with subangnlar  to  subrounded  clasts  which charac- 

many kilometres beyond  the  glacial margin. The non-out- 
wash  gravels  are often angular  to subangular, containing 
wind-sculptured clasts (ventifacts)  and  ice-wedge pseudo- 
morphs. The  non-outwash  sediments  display  marked tex- 

sand as well as  laterally with texture  fining  markedly  down- 
tural changes vertically, between  angular  gravel  and  coarse 

stream. 

sitional history. The alternation of coarse frost-shattered and 
The differences in physical  appearance relate to depo- 

ventifacted gravels and coarse sand in non-outwash prob- 
ably reflects  episodic  fluvial  events during which coarse 
sediments  were  washed  out of uplands into  fans and braided 
stream  environments.  The  periglacial  climate and catabatic 
winds  promoted  frost  shattering and ventifaction of clasts 
before they were buried by  shifting  channels  or  flood  events. 
In contrast,  deposition  and  aggradation of outwash  plains 
was rapid and periglacial  modification of clasts relatively 
rare. 

McCONNELL GLACIATION GRAVELS 

effect on  the  placer-bearing  basins of  southwestern Car- 
Meltwaters  from  the Cordilleran ice sheet had minimal 

macks  map  sheet  during the McConnell glaciation. Melt- 
waters only crossed the  Dawson  Range  between  Rowlinson 
Creek  and Nisling River. This served to  truncate  and  incise 
Reid-agenon-outwashgravelsattheconfluencesofVictoria 
and  Nanseu  creeks with the Nisling River. Glacial  ice did 
not  extend  far  enough  down  the Yukon River to  block  the 
month of Big Creek. Consequently, base level was  not af- 
fected significantly in that basin. 

glaciation was simply  denudation of the Dawson  Range by 
Probably the  most  significant effect of McConnell 

the onslaught of a  glacial  climate.  This probably resulted in 
increased rates of erosion and sedimentation. In addition, 
loess and sand driven by catabatic  winds  were  deposited in  
fens and bogs thereby  forming  muck  deposits in valley and 
gulch bottoms. 

OBSERVATIONS ON ORIGIN OF GOLD 
PLACERS 

Bostock  (1936)  noted a close  association  between 
placer  and  lode  gold  and  felsic  intrusives in the  Nansen 

have  corroborated  his  original  observations. In Figure 7-4, 
Creek and Mount Freegold areas.  Subsequent  investigations 

existing  placer  operations are overlaid  upon  bedrock  geol- 
ogy  generalized  fromTempelman-Kluit (1978). Allexisting 
placer  operations  either  overlie  or  are  topographically 
down-slope  from  Cretaceous  granites and granodiorites or 
their  volcanic or subvolcanic  equivalents  (Mount  Nansen 
Group).Placergoldinthesedistrictsoriginatedeitherwithin 
these  intrusive  rocks or in mineralized zones  where  the in- 
trusive  rocks  contact  country rock. All of the placers in these 
districts  have  formed  between  the  end  of the  pre-Reid 
glaciations  and the Reid glaciation. If Tertiary weathering 
produced placers similar  to  the  White  Channel  gravel within 

the Dawson  Range, they would  have beem incorporated  into 
pre-Reid glacial deposits. 

found resting on  deeply  weathered  bedrock (e.&,. Revenue 
Placers in the  Nansen - Big  Creek  district are usually 

Creek) or on  cohesive  bouldery  clay-rich  dianicton (e.& 
W.D.P. Placers in upper Klaza River basin). Th: bouldery 
clay-rich diamictons  are  interpreted  to be till 01' reworked 
till because of the  presence of bullet  and flatiron-r haped stri- 
ated  boulders  which  are  indicative of glacial action. It may 
be  concluded, based on the position of the p1ace.s. that  fol- 
lowing  the  pre-Reid  glaciations,  streams in tke  Dawson 
Range  degraded  their  beds to bedrock  or  tc  clay-rich 
erosionally resistant  glaciogenic  diamicton.  It  was  during 
this  period of fluvial  degradation  that  the pl;mers were 
formed.  Erosion  through  unknown  hut signifi(:ant thick- 
nesses of glacial  sediments  probably  concentrated the gold. 
Gold was also  contributed  by  direct  erosion of  bedrock or 
erosion of the colluvial mantle. 

eventually  buried  by  Reid-age  outwash and  reliited aggra- 
Placers  along  second  and  third  order  strcams  were 

dation.  "Gulch"  placers  on  higher  and steeper f i t  order 
streams  were buried by angular, poorly sorted p v e l s  (often 
with ventifacted clasts)  delivered to the  channel '>y creep of 
the colluvial  mantle  and  progradation of small stwp alluvial 
fans.  This  aggradation  cannot be  linked  to  any specific 
glaciation or interglaciation  at present. Placers dong Back 
Creek  on  the west side of the Victoria Creek  harin  (Figure 
7-1) are  capped  by  such  coarse  angular  gravels. 

SUGGESTIONS FOR FUTURE 
PROSPECTING 

placer prospecting in the  Dawson Range: 
Five  recommendations are made with resped to future 

I. The factors that led to the deposition of golc placers in 
the Nansen - Big  Creek  placer  district r;houltl also have 
been coincident  elsewhere in the  Dawson Range. Areas 
suggested for  particular  attention  include  drainage basins 
within or partly within the outcrop  area of the Late Cre- 
taceous granitics  and  Mount  Nansen Group (€igure 74). 

2. Undiscovered  placers  that  may  exist on some  of  the 
larger  streams such as Big  Creek  and Lonely Creek are 
probably buried under a  considerable  depth O F  valley fill 
due  to  extensive  aggradation  during  the  Reid glaciation. 
Smaller,  steep, first order  tributaries in the u p r  parts of 
basins  have  the  least  overburden  and are pxobably the 
most  economically  viable prospects. 

3. Exploration  should be concentrated  beyond rhe Iimit of 
the Reid glaciation,  because  elsewhere  glacial ice would 
have  removed  preexisting placers. 

4. Existing  geological  maps  and  the  outcrop  pattern  shown 
in Figure 7-4 should  only be regarded as guid,es because 
outcrops  are  sparse  and  colluvial mantles are .hick in the 
Dawson  Range.  Clasts  of  granitics or Mount  Nansen 
Group  lithologies  present in stream  gravels or in collu- 
vium  (exclusive  of  areas  that  received  Reid outwash), in- 
dicate  that  these  potential  gold  source rocks ue present 
within the  hasin  whether  or  not they have bem mapped, 
and should be regarded as indicators of gold potential. 
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Figure 7-4. Superposition of present  and  past  placer  mines  and  distribution of Late  Cretaceous  granitics  and  Mount  Nansen  Group from 
Templeman-Kluit  (1 979). HC -Hayes Creek,  BC - Big Creek,  SC - Seymour  Creek, StC - Stoddart  Creek, KR - Klam River,  MC -Magpie 
Creek,  NC - Nansen  Creek,  VC - Victoria  Creek. UN - unnamed creek. 
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5. Pre-Reid outwash  may  locally contain low.-grade  plac- 
ers. Glacial erosionacted upon a weathcredbedrockman- 

probably locally enriched in  gold which may have  been 
tle  relict  from  Tertiary  climates.  This  mantle was 

further concentrated by glaciofluvial  sorting. 
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TERRAIN  ANALYSIS AND THE  SEARCH FOR GOLID, 
COTTONWOOD  MAP SHEET (NTS 83G/lE) 

By Murray A. Roed 
Geoterrain Consultants,  Kelowna,  B.C. - 

INTRODUCTION 
The occurrence of  an unusual series of placer gold de- 

posits on Mary  and Norton creeks 45 kilometres east of 
Quesnel, British Columbia, and  the production of nugget 
gold from these deposits, stimulated an extensive search for 
the  source of the gold in the  east  half  ofthe Cottonwood map 
area (NTS 83G/IE; Figure 8-1). Studies  and exploration ex- 
tended from 1982  to 1988 and involved bedrock geology 
mapping, terrain analysis and air photo interpretation, peb- 
ble  studies of all  surficial deposits, paleocurrent indicators, 

tensive overburden and bedrock drilling program based on 
and a paleogeographic analysis. This culminated in an ex- 

a variety of geophysical  surveys.  This  repott  provides a 
summary of activities covering  this project. 

PHYSIOGRAPHY 
The Cottonwood area  straddles the Fraser Plateau on 

the  east  and  the  Fraser  Basin  on  the  west,  two  major 
physiographic regions ofthe Interior Plateau system ofBrit- 

metres on the  Cottonwood  River in the  west  to  over  1600 
ish Columbia (Holland, 1964). Elevations  range from 800 

metres  in the upland to the east. Drainage is provided by the 

then  enter  the Fraser River. Main tributaries of the Cotton- 
Cottonwood and Swift rivers  and Lightning Creek, which 

wood  include  Umiti  Creek  (formerly  known  as  Deep 
Creek), John Boyd Creek, Alice Creek, Mary Creek, Norton 

Figure 8-1. Location of map area. 

CreekandBarryCreek.Lakesarerareinthearealmtinc1ude 
the southern tip of Ahbau  Lake  and several smaller lakes 
such as  Hyde Lake. All streams are underfit relstive to the 
valleys  in which they flow, a result of extensive glacial and 
preglaeial erosion and deposition  cycles that have affected 

to most of the minor valleys  in  the  area, whereas major val- 
the area. There is a dominant  north  to northwesterly trend 

leys trend westerly. 

PHYSIOGRAPHIC DIVISIONS 

Other distinctive landforms are  easily recognized in the 
area,  as  shown on the  physiographic  map  (Figure 8-2). 
These  consist of lowlands adjacent  to the main streams; ex- 
tensive plains that border lowlands; linear, rounded north- 
trending ridges  that  are  rock cored; and  planar wcst-sloping 
benches that are  also rock cored. 

/, 

- 

, 
". 

/ 

r - 
Figure 8-2. Physiographic map. 
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TERTIARY 
?Piioeene 

N Diamiaon, pale yellow  to orange 
stony  clay, Nonon and Mary creeks; 
mined  out,  previous nugget gold 
prducer(l972-1985). 

Mioeenc 
M Frarer  Bend  Formation,  light to 

medium gray platy sillslono, 
mudstone, laminated  and  banded; 
horizontal to very slightly inclined. 

Oligocene 
L Australian  CreekFormation, 

mudstone, cemented gravel, lignite 
seams; folded  and  faulted. 

KG Gabbro, fine to medium  grained, 
olive  grccn to dark  grey,  euhedral 
pyrite,  minor  chalcopyrite, quana 
veins; diker  and small stocks. 

K Syenite, fine to coarse crystalline. 
Minor  chalcopyrite, galena, 
chalcocitc. 

CRETACEOUS 

MISSISSIPPIAN,PENNSYLVANlAN, 
PERMIAN 

F Antler Formation; b a l l ,  
xrpentinite,  quanzlalcrchist, hone 
and  tail structure, highly  sheared; 
outcrop in Mary Creek. 

quanzite, silverphyliitc,argillit~, 
gritty  sandstone, micarnous 

siltstone. 

E Ramos  Creek  Formation; pmmitc, 

DEVONIAN, MISSlSSIPPlAN 
D Siitntone,phyllite,  feldspathic 

quamite, mica  actinolite  rchist, 
minormarble. 

HADRYNIAN 
C  Micaeeousquanzite,  biotite 

psmmilc, silvn rchin. 

A Biotite  garnet psammite, biotite 
B  Marble,  micaceous  marble. 

qvanrite, silver schist,  amphiboiitc, 
biotitesehist. 

Figure 8-3. Bedrock geology map. 

JURASSIC 
J Basait,andesite,  cherI,dacite. 
I Siltstone, blaekrusty; basalt, 

IT  TUN,  felsic,  aphanitic 10 coarse 
andesite, tu$ dacito. 

grained,  varieoloured,  argiilized  and 
alicnd; oxidized to 100 metres 

with  hematite  stain, Vllc~s of 
paniculate gold. K k  119 i 4 Ma. 

H Augite ba l l ,  basalt, tu$ volcanic 

G Argillite, ~illslone, minor sandstone, 
breccia, siltstone. 

grcy  crystal tuff, graphitic  shear 
zones, dirxminated  and masive 
pyrite, quanz veins, gabbro  dikes. 

k I O W  surface  in placer; fmcturecs 

UPPER TRIASSIC 
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Figure 8-4. Generalized  sbuctural  section A -A ' .  

BEDROCK GEOLOGY OF THE 
COTTONWOOD MAP SHEET (93GllE) 

creeks, rivers, highway  and  logging roadcuts, and on scat- 
Bedrock  outcrops  are  scarce,  exposed  mainly  along 

tered ridge-tops. Figure 8-3 is  a bedrock map adapted from 

and  Rouse e f a l .  (I 990); Figure 8-4 illustrates the interpreted 
Struik (1982), Rouse and Mathews (1979), Tipper (1961) 

regional structure. 

TERRAIN DESCRIPTION - SURFICIAL 
GEOLOGY 

origin  cover  over  95% ofthe map  area. Glacial deposits con- 
Quaternary  surficial  deposits  of  glacial and nonglacial 

sist  mainly  of  ground  moraine  composed  of  till  and 
glaciofluvial  deposits in outwash plains, terraces,  channels 
and kame (ice-contact) deposits. Extensive glaciolacustrine 
deposits  composed  of  silt and varved clay  are  also present, 
mainly in the subsurface and underlying  till. Nonglacial de- 
posits of  Holocene  age  include alluvial sand and gravel in 
bars  and  terraces  of  modem  streams, sand dunes, alluvial 
fans, slope  wash  and  landslides  on  colluvial slopes, peat in 
organic  terrain  and rock landforms  which  are  extremely lim- 
ited. The  general  distribution ofmost surficial units is  shown 
in Figure 8-5 and  described below. 

GROUND  MORAINE 
Ground  moraine mantles more than halfthe area. It con- 

sists of either  a  blanket of bouldery, sandy, clayey till (M) 
or a  veneer of stony sandy till (Mv)  from  1  to 3 metres thick 
over bedrock. Three  tills  have been recognized in the sub- 
surface. 

the upper till. It is from 0 to 5 metres  thick  and  overlies 
The  most  common till is  a grey clayey till referred to  as 

bedrock  directly in many  localities,  including  much  of the 

this  till  overlies  thick  sections of older  glacial  deposits 1e.g. 
Cariboo  Upland.  However,  in buried valleys  (Figure 8-6), 

near  Mexican  Hill  at  Lover's  Leap,  Swan Valley; (Clague, 

(Levson el al, 1990)  and  at  the  Big  Bend  ofthe  Swift River, 
1991); Barry, Lightning,  Alice,  Mary  and  Norton creeks; 

along  Umiti Creek, in John Boyd Creek, and in places  along 
the Cottonwood River]. This till was deposited during the 
latest  widespread  advance  of  the  Interior  ice  sheet,  the 
Fraser  glaciation.  Grooves  and  flutings  document  that  this 

ice sheet moved north across the area and spread laterally 

such as  Lightning Creek. 
into the Cariboo  Mountains  over  low  passes  and up valleys 

Two other  tills,  termed  the middle and the lower tills, 
are  also  known in the area. 

AllthreetillsarepresentinonlyonelocalitynearMexi- 
can Hill  and  below  Lover's  Leap  and  Swan Vall:y (Figure 
8-6).  This section  has  been  studied  in detail by Clague 

to 5 metres thick, and  is very stony with  numerous  angular 
(1991). The middle till here  is grey to brown in colour, up 

pebbles and boulders. It  overlies  a  coarse bouldery gravel 
and silt  (interglacial) and underlies  a  massive, b:ue varved 
clay in which  tephra  and organic layers  have bcen found; 

greater than 40 000 and  51 000, and one fmite  date  of 32 
twigs collected from  the  clay yielded radiocarbca  dates  of 

Wisconsinan in age. 
020 ( 600  years B.P.; Clague, 1991). This till is  at least Early 

parts of  the area. It  overlies  both  bedrock  and Tertiary de- 
The  lower till is  exposed in numerous  localities in other 

posits  at  Mexican  Hill and it  occurs at Alice,  Mary and Nor- 

underlies an interglacial  gravel inmany localities. The lower 
ton  creeks  (Levson et al, 1990). It  is up to 5 metres thick and 

till is believed to  represent  a  major  glaciation, pre..Wisconsi- 
nan in age,  that flowed to the south (Tipper 1971). 

GLACIOFLUVIAL  DEPOSITS 
Glaciofluvial  (GF) sand and gravel deposits. are wide- 

spread in the area. They  include  extensive outwash plains 

water  channels  that  form  prominent valleys, terraces  along 
that trend north, numerous  shallow  and  deeply incised melt- 

old meltwater channels and along  the valley slojles of pre- 
sent streams. These deposits  are related to the p.rogressive 
melting  and  retreat  of  the  Fraser ice in Late Wisconsinan 
time. 

BURIED  INTERGLACIAL  DEPOSITS 
An extensive  fluvial  gravel  unit  occurs in several locali- 

ties in the area. At two  localities (Figures 8-7 and 8 4 ,  the 
unit  is  a rusty boulder-cobble  gravel up to 20 mctres thick. 
It  contains  more  limonite than glaciofluvial  gravel  and is 

strata  dip  steeply  to the north in the  Lightning  Creek valley. 
invariably  stained with  manganese.  Bedding is; poor and 

Two tills  overlie it at the Mexican  Hill section. %is gravel 
is  known  to  occur  across a distance of 5 kilometrcs in Light- 
ning Creek.  It  appears to  be  a  canyon-fill  material  of inter- 
glacial  origin,  derived  from  a  stream  originaing in the 

ning  Creek valley is in this unit. 
CaribooMountains.ThebulkoftheplacergoldintheLight- 

In some places, a  fluvial sand unit  underlie:$ the upper 
till. At the Mexican  Hill  section  it  occurs  as a ~ l  extensive 
bedded sand 10 metres  thick (Clague, 1991). A similar unit 
is exposed inUmiti Valley,  and along  Cottonwood  River and 
John Boyd Creek. 

GLACIOLACUSTRINE  DEPOSITS 
Glaciolacustrine  clays  do  not generally outcrop. Exten- 

sive glaciolacustrine  silt  and  clay  units  are widespread h t h e  

posed section  is  at  Mexican Hill, hut  similar un:ts occur  at 
subsurface along buried valleys in the  area.  The best ex- 
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HOLOCENE  PLEISTOCENE 

0 ORGANIC 
AI' ALLUVIAL  PLAIN  Sand,  gravel in flood  plain  and  terrace 

Peat, wet to moist  depressions. GF GLACIOFLUVIAL  Gravel,pcbbletocobhle,  stratified; 

deporils;  includes steep vailcy slopes and 
and mllwial deporitr. 

and as blankets. 

includcr outwash plains  and  deposits in 
meltwater~hannclr: some organic terrain 
and  minor StrCamS. 

E  EOLIAN  Sand, fine grained, in Q O O ~ Y  formed  dunes M  MORAINE Till, randy, stony, over 2 motrcs thick 
undulating, low relief, fluted in places; 
includes  minor mavcl and  organic. 

Mv MORAINE Till, veneer, sandy. stony, less than 2 
metres thick, ovet l ie~ bedrock,  moderatc 
relicC iocluderromc  bedrock. 
Rock hill, knob,  ridge or plain. R  ROCK 

Figure 8-5. Surficial geology map 
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Alice Creek, along the Cottonwood River near the western 
boundary of the map area and in Umiti Creek valley. 

ponding  ofmeltwater,  either near the end of a glacial retreat, 
The  glaciolacustrine  units represent major periods of 

or  at  the beginning of an advance when normal drainage 
becomes regionally disrupted. 

ALLVVIAL  DEPOSITS 
Alluvial  deposits (AP) consist of pebble  to  cobble- 

gravel bars  along present stream channels, and gravel over- 
lain by flood plain  silt  on low terraces adjacent to streams. 
Colluvial slopes are  also included in  this  map unit. 

EOLIAN DEPOSITS 

Umiti plain where  sandy  outwash  deposits are overlain in 
Sand  deposits of eolian (E) origin  are restricted to the 

places by dune sands. The  dunes  are indistinct in form and 
commonly consist ofa  1 to 2-metre blanket ofdiscontinuous 
fine-grained eolian sand. 

ORGANIC  TERRAIN 
Extensivepeatbogs(O),upto30metresthicl:inplaces, 

those  that  are  not presently occupied  by  well h e l o p e d  
occur along major meltwater  valleys  in the area, especially 

streams (.g. Swan valley, Figure 8-4; Clague el ai, 1990). 

THICKNESS OF  SVRFICIAL MATERIAL 

underlying gravel ofpossible Tertiary age, is greatest in bur- 
The aggregate thickness of surficial material, including 

ied valleys. Overall, the data on thickness are spme.  Inter- 
polation from field data  in Lightning Creek valle:i indicates 
that at least 100 metres of "overburden" is common. At the 
confluence of Bany Creek and John Boyd Creek a shalt has 
been sunk 52 metres (John Hanky, personal ccmmunica- 
tion, 1983) and the sequence encountered is nearly identical 
to that exposed 2 kilometres to the south  in  the Mcxican Hill 

rock in places at the Toop mine (Klein, 1976). Drilling by 
section. Up to 40 metres of material occurs  above the bed- 

M. Roed (Table 8-2) intersected up to  98 metres ')f surficial 
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Fisure 8-1. Diagrammatic  cross-section, Hanley  property, 
Liehtnine  Creek. 

ble pumice. Others  contain  chalcedonic  quartz  (agate) and 
thin  quartz  veins or laminae. Some  of  the  particles  include 
argillite, grey silvery  schist,  mica  schist,  quartzite and sand- 

rocks  outcrop in an  extensive  northwesterly  trending belt of 
stone, and fine to medium  crystalline  green  trachyte.  These 

metamorphosed  Paleozoic  sediments.  Lignitized  wood 
fragments  were also recovered from  this  unit. 

PAR ncm SZZE 

ably uniform in size ranging  from 0.5 to 1.5 centimetres in 
The  particles in the  coarse,  washed  samples  are remark- 

length. Larger clasts are absent. All tuff  particles  are  angular 
to  subangular in shape. All ofthe silvery  schist  particles and 
many  of  the  quartzites  and  sandstones  are  subangular to 
marginally suhrounded.  The  wood  fragments  are angular 
and usually elongate  and tabular. All of the quartz  is angular. 
Pockets  of  matrix  were observed throughout the core. They 
are  composed  of  a  clay  with  coarser  angular  grains "float- 
ing" in the matrix. 

Figure 8-8. Diagrammatic  cross-section,  McGuire  property, 
Lightning Creek. 

material  1.5  kilometres  south of the  Toop  mine.  Several 
properties  along  Lightning  Creek have been  drilled,  indicat- 
ing  surficial  sediments in excess of 100 metres in thickness. 

PEBBLE  STUDIES 

cia1 units in the area,  including  the  late Tertiary gravel and 
Pebble lithologies  were recorded for  most of the surfi- 

diamicton deposits  (section 6.0). This  information  is  sum- 
marized in Table 8-2. Older gravels are generally more an- 
gular than  younger  ones,  and  the  lithologic  composition  is 
more  restricted.  For  example,  the  clast  composition  of  the 
diamicton  at  Mary  Creek  is  very  distinctive,  consisting 

terglacial  origin  is invariably stained with  manganese and 
dominantly of  felsic tuffs. On the  other hand, gravel of in- 

limonite. 

PREGLACIAL COLLUVlAL PROCESSES 

preglacial highlands  is demonstrated by  an unconsolidated 
The  intensity  of colluvial  weathering  processes  on 

lithic  gravel  that  was intersected in one of the  exploratory 
test holes (#R-10, Figure X-12) drilled to  a  depth  of 162 
metres in the  Coldspring  graben  during 1986. 

The  discovery  of  this  unit  significantly  changed  the in- 
terpretation of the geologic history of  the  area.  Originally 
the  material  was  interpreted as  a  thin-bedded tuff, but later 
it  was  assumed  to be talus-fill off the Coldspring  graben 
(Roed, 19x8). The  author  bas interpreted this as  a  detrital 
deposit  derived  from a nearby paleo-high which  is  com- 
posed dominantly  of  varicoloured  felsic tuffs. The  evidence 
for this is summarized below. 

The  dominant (over 80%) lithology of  clasts recovered 
is  felsic  tuff  that  ranges  through  a variety of colours. Grain 

crystals  of pink or clear  quartz andor, feldspar. Many of  the 
size  is  mainly  aphanitic, but some  samples  contain scattered 

particles  are  stained  with  limonite,  some manganese, and 
hematite, all  are  soft,  and  some  contain tiny vugs and resem- 

PAN  CONCENTRATE  CHARACTER 

mainly of  quartz  and felsic  fragments in about equal propor- 
The  pan  concentrates  for  the  sampled  intervals  consist 

tions. Pyrite  is the only  sulphide  found,  and  it  is mainly in 
the  form  of  extremely  fine grained massive  aggregates as- 

rarely as  cubic crystals. Remarkably, there  is  no  magnetite 
sociated  with  a black aphanitic  rock (tuff or  argillite), and 

or any  other metallic heavy  mineral  present; indeed there 
are  very  few  "heavy"  minerals in the  pan  concentrates. 

It is known  from  previous  work  that the deposit  is  situ- 
ated  at the eastern  edge  of  a  late Tertiary graben or trench, 

tion drilled in the  graben, 2 kilometres  to  the  south (Roed, 
referred to  as the Coldspring  graben. In the  only  other  loca- 

198X), the  upper  part  of the graben  is  filled  mainly with 
mudstones  with  minor  lignite  bands  that  are  assigned to the 
Fraser Bend Formation. 

consisting of a thinly  bedded sequence  of  altered,  Jurassic 
It was originally  assumed that  the  deposit  was bedrock, 

felsic tuffs. The  presence  of  metamorphic lithic  fragments, 
their  rounded nature, and the  presence  of  lignite  and wood 
fragments  invalidated  this  interpretation. 

If the deposit  is  fluvial in origin,  it  reflects an extensive 
period of stable  and  constant  hydrodynamic  conditions, as 
the  deposit is so well sorted and  of substantial  thickness  (at 
least 160 m). The  angularity  of the felsic  tuff fragments, 

The  deposit  does  not resemble  any ofthe glacial  deposits in 
given  their  softness, also  argues  against this  interpretation. 

the area, either in stratigraphic or lithologic character. For 
example, granite is absent. All of  the  lithologic  types in the 
deposit  occur  locally in the bedrock. 

posit  is  colluvial  and  represents  a uniform accumulation  of 
The  only  other  plausible  interpretation is that  the  de- 

talus  along a paleo-topographic  scarp  that was dominantly 
composed  of  easily  eroded  felsic tuff. This  interpretation  is 
in accord  with  the  belief  that  this area was  subjected to in- 
tense  subaerial  erosion  during  the  late Tertiary . The  deposit, 
therefore, is likely  the  initial  infilling  of  the  Coldspring gra- 
ben  which  was  later submerged, allowing  the  deposition  of 
silt  and  clay  of  the  Fraser  Bend  Formation.  The  recent  work 
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SUMMARY OF GRAVEL  CHARACTERISTICS 
TABLE 8-1 

SUMMARY OF DRILL  HOLES,  COTTONWOOD  PROJECT 
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(See Figure 8-12 for locations) 
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of Rouse et al. (1 989) supports  this proposal; they have sug- 
gested a Late Miocene  age, based on palynology, for depos- 
its  such  as  the  Fraser Bend Formation.  The Mary Creek 
mudflows are considered to be contemporaneous with the 
upper part of the residual deposit found in R#IO, and may 
range in age from Late Miocene to Pliocene and possibly 
even to early Pleistocene. 

LATE  TERTIARY AND PREGLACIAL 
DEPOSITS 

Exposures in  the  area  indicate  that a substantial  series 
of river systems developed in late Tertiary time. Preglacial 
or late Tertialy gravel occurs  at  Mexican Hill near Porcupine 
Lakes  below  Lover's Leap; near the big bend on the Swift 
River; in the Slade hydraulic pit on Moustique Creek; along 
Umiti  Creek  valley;  along  Coldspring  Lake  valley;  and 
along the Cottonwood River. 

work, an interpretation of the size and distribution of these 
Assimilating all available  data and the results of this 

early channels  is presented in Figure 8-9. All ofthe valleys 
shown are now largely filled with moraine, except for  sec- 
tions that coincide with present stream valleys. The inter- 
pretation is based on a minimum of subsurface data and will 
undoubtedly require perhaps major revisions as further ex- 
ploration is  completed. 

Figure 8-9. Principal early drainage  channels. 

trending channels developed along  the flank of the Cariboo 
Generally the  gravels  indicate  that a series of north- 

Mountains. As the land uplifted these charne ls  migrated 
westward and cut new valleys. The last phase  is  evident  in 
the Cottonwood River valley, where a thin rusty gravel over- 
lies bedrock  and underlies glacial and younger nonglacial 
deposits. 

A distinctive sequence ofbasal angular  gravel, residual 
blue clay, three stony diamictons separated  by two light grey 
clay beds, and an upper manganese-stained cemented gravel 
occurs  on  the  west flank of Mary Creek  at the confluence 
with Norton Creek. The site, known  as the Toop mine, is 
approximately 40 kilometres east  of Quesnel, and has  been 
mined out completely for placer gold  during the period 1972 
to 1988. It first attracted interest due  to the high grade ofthe 
deposits, the abundance of distinctive, flat, elongated gold 
nuggets, and the uniqueness of the varicoloured deposits 
from which the gold was produced. In  one instance a pound 
of gold was recovered from a cubic yard of pay gravel (Bar- 

been accumulated for  this  unique deposit. 
lee, 1974). The  following is a summary ofthe data that have 

GENERAL DESCRIPTION 

is shown  in Figure 8-10. This  deposit  occurs beneath two 
The general sequence ofthe "pay dirt"  at  the Toop mine 

tills (Levson et al., 1990) and  overlies  weathered Triassic 
black shale, siltstone, argillite (Tipper, 1961)  and  gabbro 
dikes  at an elevation of approximately 940  metres (3100 

topography has a local relief of20 metres  within 100 metres. 
feet).  The  contact with bedrock is very irregular. Bedrock 

The basal unit varies from a discontinuous  and lens-like 
layer of angular gravel, commonly less than 0.1 metre thick 

2), to a blue clay with residual  gabbro  fragments and abun- 
and composed mainly of local bedrock  fragments (Table 8- 

dant pyrite cubes. The gravel fills fractures in the  bedrock 
here and elsewhere in the Cottonwood area. This unit, in 
turn, is overlain by a soft, orange-brown, stony  clay 1 to 1.5 
metres thick. This  lower  clay  contains  clasts of local bed- 
rock and numerous sharply  angular tuff and lithic pebbles 
up to 10 centimetres in diameter. The basal gravel and re- 

brown clay  envelopes bedrock irregularities and  overlies 
sidual blue clay  are  discontinuous so the basal unit of stony 

bedrock directly in places. 

clay up to 0.5 metre thick,  composed of illite (J. Pell, per- 
The lower stony clay is overlain by a white to light grey 

sonal communication, 1987). Up to  10%  ofthe material con- 

types including argillite and tuff fragments,  black graphite 
sists of floating  angular  particles of a variety of soft rock 

plates of muscovite (very thin flakes), soft,  orange tuff, sil- 
(specks in hand sample), quartz  shards up to 60 microns size, 

very white mica, and white to  light grey quartz. Angular 
clasts of distinctive, altered, pale red fine-grained tuff and a 
mauve variety up to  10  centimetres in size  occur sporadi- 
cally, but do not outcrop nearby. Contacts  are gradational, 

tional movement. Some convolute  bedding  was observed at 
indicating some mixing due  to  compaction or postdeposi- 

the contact. 
The lower light grey clay  is  overlain by a series ofstony 

clay beds ranging from 0.5 to 2 metres  in thickness. 
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CROSS-SECTION, TOOPPIT, 1983 
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Figure 8-10. Cross-section and stratigraphy, Toop pit, 1983. 

The  uppcrmost  stony clay is disconformably ovcrlain 
by up to 1 metre  of partly  cemented  open-work  pebble 
gravcl,  which is strongly stained with black manganese ox- 
ide, is a deep rusty red to brown colour, and appears to havc 
been Ieachcd and  oxidizcd.  Cement is siliceous, limonite 
rich  and  manganese  stained.  Pcbbles in this unit are sub- 
rounded to subangular, indistinctly bcdded and  comprise a 
broad range  of lithologics. The  deposit is interpretcd as rep- 
resenting a fluvial environment. 

in much of  the pit arca.  This  scquence  consists of a lower, 
The cemcntcd gravel is ovcrlain by a glacial sequencc 

brown,  dcnse  claycy  diamicton (tillo), covered by a thin 
layer  of  manganese-stained gravel, (intcrglacial age?)  and 
an upper grey-brown  diamicton (Figure 8-10). 

The  entire  sequence slopcs very gently (1% gradicnt) 
to the north. An angular  gravel,  equivalent to the cemcntcd 
gravel, but 10 metres lower, is evident at an operating placer 
mine adjacent to Alice  Crcck 1.5 kilomctres to the north. 

to cobblc  gravel  with a variety of  angular clasts. It rangcs 
Here, the  deposit  consists of a poorly sorted,  dense, pebble 

from 2 to 5 mctres in thickncss  (Levson ef a/., 1990). 
At the Toop  mine site the sequence  thickens from 3 to 

pit the  cementcd gravel unit is ovcrlain by a light grey to 
5 mctrcs  towards  the southwest. At the  south  end ofthe Toop 

mauvc  diamicton, 4 metres  thick,  containing  cobble to boul- 
der  clasts  (another debris-flow dcposit?).  This unit (not 
shown on Figure 8-10) is  also distinctive in that it is massive 
and consists  almost entirely of light colourcd, altered felsic 
tuff clasts  in a clay matrix. It appears to be a wcdge-shaped 
dcposit with a clast fabric orientation predominantly to the 
east  and northeast. The  mauve unit is overlain by  till and 
other glacial deposits  over 20 metrcs thick. It  is probable 
that  the  entire  sequence  at  the Mary Creek locality pinches 
out to the wcst beneath thc upper till, and to the south and 

andlor  Holocene  erosion. 
east  the  scqucnce  has  apparently bccn truncated by glacial 

CHARACTER  AND  OCCURRENCE OF GOLD 
IN THE  MARY  CREEK  SEQUENCE 

The richest part ofthe sequence is the bottom mctle, usually 
A great varicty of gold nuggcts  occurs in the dcposit. 

within 0.5 metre of  the  bedrock surface. Howcv~:r, nuggct 
gold was recovered from all units. 

hut some are rough, angular and crystalline in appearance, 
Most  nuggets  arc flat,  linear, smooth  and  su'xoundcd, 

contain quartz and sand grains, are "cemcntcd" to siltstonc 

nese oxidcs. 
or argillite fragments, or are stained with iron ard manga- 

PETROLOGY  OF  THE  STONY CLAYS 
Petrologic analysis of numerous samples  of :;tony  clay 

of the  Mary Creek unit show that 70% of its composition is 
matrix which, in  band samples, is granular in appcarancc, 
soft, and  which hrcaks down to clay upon washin,%. Coarscr 
grains are composcd ofmica,  graphite, quartzshads, altcrcd 
feldspar(?),  and  other  unidcntificd  fragments. 'lbc fiag- 
ments  and clasts constituting the remaining 30% 'If thc unit 

tuffs, sharply angular, and up to I O  centimcircs ir size. Thc 
are  almost  entircly  distinctly  colourcd, altcred aphanitic 

pebblcs  are often coated  with a red to yellow rind. Sub- 
rounded argillitc pebbles and  cobblcs  occur  and  mgular to 
subrounded quartz pebbles arc  common. 

varies from soft, black  graphitic  flakes in thc light grey 
Carbonaceous  material  is common in the dcposit and 

clays, to lignite, charcoal and delicate fragment!, of  wholc 
twigs in the stony clays; in one instance a part of a largc 
fossil cedar(?) trcc trunk was found that rcportcdly markcd 
thc site of  an unusual concentration of nuggets close to bcd- 
rock(Terryand  GaryToop,personal  communication, i983). 

SPECIAL  FEATURES 

been recovered from the  lower stony clay. This suggests a 
Small  twigs  and  pieces of branches  (willow?)  have 

mud-flow  origin  for the deposit, in  which the orgmic dcbris 
"floated"  during  scmi-liquid flow. The hrightl). colourcd 
stony  clays  arc  thought to rcflcct periods of Oxidation pa- 
leosol formation(?). 

l h e  open-work nature of  thc  cemented gravel that caps 

hencc, it  is a diagenctic  feature rathcr than a sedimcntation 
the sequence is believed to he  due  to cxtcnsive Icaching; 

characteristic. 

OTHER  MINERALS 
Magnetitc is rarely found in thc sluice box. Vumcrous 

pans failed to recover  any black sand of any type  except for 
pyrite cubes.  The  lack of "heavies"  and the ccmparativc 
abundance of nuggets, is anomalous with rcspc.:t to other 
placer dcposits in the  arca.  This  and  other  cha~.acteristics 
support a non-alluvial origin for much of  the gold at thc 
Toop mine. 

ual layers at  the base of the sequence, close to or at  the  bcd- 
Malachite  and cuprite arc locally common i n  thc rcsid- 

rock contact.  Euhedral pyrite is abundant in  the argillite 
bedrock whcrc intruded by gabbro  and in rcsidlal clay at 
thc base of the scqnence.  Minor  chalcopyrite  also  occurs in 
gabbroic rocks. Pyrite was common in the sluice box. 
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AGE  AND ORIGIN 
The sequence described here is believed to be of Plio- 

cene or late Tertiary age,  as determined from a study of pa- 
lynomorphs (Rouse el d ,  1989). 

terpreted as  debris or mud-flow deposits. They were prob- 
All of the stony clays observed in  this sequence are in- 

ably derived from an adjacent paleo-highland underlain by 
deeply  weathered or hydrothermally altered varicoloured 
Jurassic tuffs. The  strongest  evidence  for gravity-flow ori- 
gin is the  presence of organic remains, convolute structures, 
sharp and erosive basal contacts, texture of the deposit, and 
clast composition. Over  80% of the clasts  are soft, felsic 
volcanics and pyroclastics which are easily abraded. 

depression of the ancestral Mary and Norton Creek valleys. 
The materials were apparently deposited in a bedrock 

Three possible scenarios  are listed as follows: flows eroded 
preexisting gold-bearing alluvial deposits; the flows them- 

tered bedrock that contained nugget gold; or the gold was 
selves were derived from weathered and hydrothermally al- 

of hydrothermal origin. There is little evidence  for the first 
possibility. The second possibility presumes that gold-bear- 

the flat, elongated and smooth nuggets, so common at the 
ing bedrock occurs in the area.  The third seems unlikely, as 

Toop mine and in Alice Creek, suggest that some form of 
erosion  took place. On the other hand, the near crystalline 
appearance  of  some  nuggets  suggests a primary  origin. 
However, Knight  and McTaggart (1990) have discounted a 
hydrothermal origin. 

diverse felsic tuffaceous rocks as the main clast  component 
The  abundance of angular  to subangular, altered and 

of the stony  clays  suggests a nearby source. Similar  rocks 
have been found within a kilometre to  the  south  during sub- 
surface drilling (Roed, 1988, 1993). Although some ofthe 
tuffs in the bedrock match the lithologic types in the stony 
clays, the pale red to  mauve tuffs that are distinctive in the 
stony clays  have no known counterparts in the bedrock of 
the area. Similarly, the mauve  diamicton  clast lithology has 
not been observed in the area. 

The light grey clay  layers  are believed to represent one 

washed off of an adjacent  slope  and redeposited. J.  West- 
or more altered volcanic ash deposits  which periodically 

tify  shards  in  this  altered  material. Rouse et al. (1989) 
gate, of the University of Toronto, failed to positively iden- 

covered unidentifiable shards. 
identified shards  in units sampled, and  another  sample re- 

The  presence of angular  pebble  to cobble-sized tuff 
clasts  in the light grey clays remains problematic. One pos- 
sibility is that there was an explosive vent nearby but  no 
supporting evidence  has  been observed. The presence of lig- 
nite,  charcoal  and  wood  fragments  including  delicate 
branches is  strong  support for a debris-flow origin. The 
flows  may have disrupted a pre-existing lignite layer in, for 
example,remnantsoftheFraserBendFormationortheAus- 
tralian Creek Formation, both of which contain coal and 
occur within 5 kilometres to the south  and west. The  debris 
flows  could have incorporated charred vegetation. One CI4 
date on the wood gave an age of greater than SO 000 B.P. 
(V.M. Levson, personal communication, 1992). 

Brilish Columbia 
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Much of the argillite and gabbro  bedrock  is altered to a 
black  sooty  clay  and  clayey  gabbro,  respectively.  The 
weathered and soft  nature of the  felsic tuffs and oxidation 
ofrecovered diamond-drill core  samples  (Roed,  1988)  in the 
area suggests that  considerable in situ erosion  in a subtropi- 
cal  climate affected the  area  during middle to late Tertiary 
time (cf: Rouse and  Mathews, 1979). This  alteration  could 
also be due  to a hydrothermal event  which may have af- 
fected the locality. 

SOURCE  HIGHLAND  FOR  THE  MARY  CREEK 
MUDFLOWS 

mine at the time of deposition of the  Mary  Creek  mudflow 
An interpretation of the paleogeography near  the Toop 

sequence is presented in  Figure 8-11. Formulation of this 

tory, not fully explained in the present text. In summary, 
interpretation had to  consider a complicated geologic his- 

these events include: 

allochthonous  terrane  emplacement (Quesnel Terrane) 
during the Early Jurassic aiong  the Eureka fault; 

ALICE CREEK 
C A R I B 0 0  MTS. 

*“a** Ilir*l*Dx 
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Figure  8-1 1. Paleogeography,  Toop  mine  area. 
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a Cretaceous  intrusion  event represented by the Naver 
pluton (Reese et al., 1985) and the Columbian Orogeny; 
development of and deposition in broad shallow continen- 
tal graben basins in Oligocene time; 
folding during  the Laramide Orogeny; 
mild graben and horst tectonics in Early Miocene time 
along with clastic deposition in deep lakes in linear gra- 
bens (Rouse and Mathews, 1979); 
several periods of differential uplift during Pliocene to 
early Pleistocene time; 
at least three periods of Cordilleran ice movements, sepa- 
rated by an interstadial period with  extensive  erosion 
(Clague et ul., 1990); and 
modification by glaciofluvial erosion  during deglaciation 
of the last ice sheet and erosion during the Holocene. 

graben  structures formed near the end of the Oligocene. The 
The paleotopography was characterized by horst and 

Coldspring graben is  the largest and trends norlhwest. It is 

and on the west by the Cottonwood Tertiary basin (Tipper, 
bordered on the east by highlands of the Cariboo Mountains 

south and joins with the Victoria Creek Tertiary basin. Sedi- 
196 I). This is a major feature and probably continues  to  the 

mcnts in this graben consist of over 200 metres of Miocene 
mudstone and alluvial sand and gravel (Roed, 1988) repre- 
sented by the Fraser Bend Formation. 

flanking the Coldspring graben on  the north and east.  One 
Two horsts appear to have existed in the late Tertiary, 

is an upland referred to  as the Toopville horst. It is largely 
underlain by bedded felsic tuffs of Jurassic age and argillite 
of Triassic age in the core of an overturned syncline. From 
diamond drilling (Roed, 1988) and rare surface outcrops, it 
is known that some of the tuffs are hydrothermally altered 
to a depth ofat least 100 metres (Figure 8-1 I ) .  The northern 
part of the Toopville horst is underlain in  part by gabbro, 
referred to as  the Alice Creek or Toop intrusive (Figures 8-4 
and 8-1 I). The  gabbro intrudes Triassic argillite in the Toop 
pit. 

assic metasediments,  volcanics  and  pyroclastics.  It is 
The  Alice Creek horst is composed of Jurassic to Tri- 

bounded on the  east  by a vertical hinge-type fault along 
Alice Creek, and on  the west by the Coldspring graben. 

Norton Creek. It  appears  that  the Mary Creek debris flows 
An indentation in the Toopville horst is  shown along 

originated at the head of this indentation in an area underlain 
predominantly by soft felsic tuffs. All of this terrain has 
since  been eroded to a depth of up to  140 metres below the 
present  surface (Roed, 1988). It  is inferred that glacial ice 
removed  this soft rock, although a remnant of the Mary 
Creek sequence escaped this erosion. 

GOLD IN THE BEDROCK 
The best  indication of a nearby bedrock source for the 

gold in the Mary Creek  sequence  was derived from a dia- 
mond drill hole (D-4, Roed, 1988). This hole is located 600 
metressouthofthesouthemedgeoftheTooppit.1'articulate 
gold was recovered on the +IO0 mesh screen from ten in- 
tervals over 58 metres of HQ  core  in strongly altered vari- 
coloured tuff. These gold occurrences were  all within 70 

metres of the surface. However, weighted averaze assays 
are in less than 0.085 grams per tonne gold. Some two metre 
sections in other nearby holes were in the range of 0.34 to 
1.0 grams per tonne 

quence at  the Toop mine  and an "equivalent" unit on Alice 
Given the abundance of nuggets in the Mary Creek se- 

Creek, and the inferred origin as  mudflows, the known in- 
dications of economic gold deposits in the bedrock felsic 
tuffs, presumed to be the logical source, offers only little 
encouragement.  Despite  this,  there  is  simply  t3o  much 
coarse placer gold at this locality to abandon exploration. 

covery, but a different "model" may be required. 
Ongoing research may improve the possibility ofsource dis- 

CONCLUSIONS 
One  of the main  conclusions of this work is that the 

to mineral exploration is limited without bedrock and struc- 
applicability ofsurticial geology studies and terrair. analysis 

tural geology information. The second conclusion is that 
drift prospecting in British Columbia is clearly not a simple 
exercise,  as  several  factors  affect  interpretations.  Not 
enough is known about a major period of denudation be- 
tween the Late Miocene and early Pleistocene, nor is suf- 
ficent information available on the character of pre-Fraser 
glaciations. 
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FOLKLORE + SCIENCE + PERSEVERANCE = DISCOVERY 

VALLEY, SOVEREIGN  CREEK, CARIB00 GOLDFl[EI,DS 
OF  BRITISH  COLUMBIA: A CASE  HISTORY 

OF A GOLD-BEARING  PREGLACIAL  (TERTIARY:) 

By T.H.F. Reimchen 
Pegasus Earth Sensing Corporation - 

HISTORICAL PERSPECTIVE 

lumhia, placer gold has  been mined intermittently for 140 
In  the north Carihoo Mountains of central British Co- 

years (Figure 9-1). Stream  deposits  with suitable gradients 
were initially exploited by sluicing, followed later by dredg- 
ing  in selected areas. High-bench deposits and cut-off me- 
anders  were  mined  by  hydraulicking.  Many  stream 
channels, which contain placer gold in the surface gravels, 
were subsequently found to he filled by glacial debris tens 
ofmetres thick. Shafts driven into some ofthese deeply hur- 
ied  channels  demonstrated  that  auriferous  gravels  were 
often underlying, or less commonly, intercalated between 
layers of diamicton (till). 

The richest deposits of the Carihoo, found in flat angu- 
lar washed phyllite and quartzite-rich gravel below glacial 

ing  was  often  impeded by the  catastrophic  release of 
sediments, were mined by shafting and drifting. Drift min- 

groundwater,  as  well  as  the  instability of overlying till. 
Groundwater  problems  were initially handled by gravity 
and then later by mechanized pumps. Although chum drill- 
ing was usually used to  check the depth of the channel as 
well as the underlying stratigraphy, actual  sampling  was ac- 
complished hy shafting and drifting. First, a  shaft  was sunk 
along side the stream into bedrock, to  a  depth where the 

inclincd to the basal gravels  allowingdewatering. The grav- 
subsequent drift would lie below the steam bed. Raises were 

els were  then mined by drifting upstream and downstream 
along the centre of the channel. 

and 1925. After that period, the cost of shaft mining, to- 
The  greatest  mining  activity occurred between 1860 

gether  with  a controlled gold price, made gold mining un- 
economic. However, since then, some surface deposits have 
proven to he economical  by the use of large-scale machin- 
ery. There is a considerable amount of literature on the suh- 
ject of placer deposits  in  this area. The first comprehensive 

trict  was by the Geological Survey of Canada (Johnston and 
account of placer and lode gold deposits in the Carihoo dis- 

Uglow, 1926). Recently, many individuals have studied the 
surficial  geology  and  placer  deposits of the region (e.g. 
Clague, 1989; Levson and Giles, 1991, 1994). 

GEOLOGY OVERVIEW 
Placer gold in the Carihoo region of British Columbia 

is assumed to  originate primarily from auriferous quartz 
veins within mctasedimentary rocks of the Snowshoe Group 

(Struik, 1988).Duringtheearlytomid-Teniary,d,:epweath- 
ering under a humid climate encouraged oxidation of gold- 
hearing  rocks  and  subsequent  removal  of soluble salts 

Thus, gold was enriched in the oxidized puts  of'the veins. 
(Rouse and Mathews, 1979; Johnston and Uglow, 1926). 

During  the Tertiary, most streams and rivers in the Cariboo 

librium and the area  was probably characterized by  low, 
area were probably graded to  a position of base .eve1 equi- 

rounded hills, separated by sediment-choked velleys. The 

tahlished a position near their present courses by the late 
Quesnel, Willow and Cottonwood rivers had pr3hahly es- 

Figure  9-1.  Location map 
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Tertiary. Much  of  the gold that had been  released  earlier  and 
deposited in the  extensive Tertiary valley fill, thus  became 
concentrated in valleys  cut into the  old erosion surface. Dur- 

valley  fill,  creating  numerous  terraces  (benches)  and new 
ing  the late Quaternary,  most  streams  and rivers incised  their 

stream  channels. 

dicate that major  changes in base level occurred  during  the 
Numerous  anomalies in the  present  stream  regime in- 

Quaternary.  Easily  recognized  on  satellite  imagery  and 
large-scale  topographic maps, some  streams  now  occupy 
overly  wide valleys. Rivers  which  drain  the  western  side  of 
the  Cariboo  Mountains,  such as the  Cottonwood,  Lightning, 

nels, but depart  significantly in other areas. Although  this 
SwifiandQuesnelrivers,flow,inpart,intheirTertiarychan- 

author, amongst  others  (Johnston  and Uglow, 1926;  Rouse 
and  Mathews,  1979;  Clague,  1989;  Levson  and Giles, 1991, 

several areas of  the  Cariboo,  it  has  not  been  possible to re- 
1994)  has identified remnants  of Tertiary-type sediments in 

construct  the Tertiary regional  drainage  pattern  due to a  lack 
of readily visible  field  evidence  and  other data. Such  a  re- 
construction  is  basic to understanding the ancient  geomor- 
phology and  distribution  of gold placers. 

down Tertiary valleys  and  then  later  across  low  divides in a 
During  Quaternary  glaciations,  ice  initially  moved 

general  northwesterly  direction.  Active subglacial erosion 

glaciation,  areas  of  thin ice, such  as  drainage  divides  and 
incorporated  auriferous gravels into the ice. During de- 

hill tops, would have been  the first to become ice free. In- 
itially, meltwater  streams would have  flowed  along the mar- 
gins  of ice filling  the Tertiary valleys, cutting  new  channels 
into  underlying  sediments.  As  melting  progressed,  these 
side  streams  were  abandoned,  forming  cutoff  meltwater 
channels  containing  minor  amounts of  fine  placer  gold. 
Mainvalleys  locally became so filledwith glacial debristhat 
drainage  divides  shifted,  causing  major  stream diversions. 

Through much of the Cariboo,  meltwater  channels  oc- 
cur  on  upper  valley  walls and in intermontane areas. Gold 

postglacial valleys.  Generally,  the  concentration  of  placer 
occurs in varying  amounts in these  late  glacial  and early 

gold in meltwater  channel  deposits  is  too low to be eco- 
nomic. The  origin  of  these  channels is largely related to suc- 

reconcentration  of  auriferous  gravels  has  continued 
cessive  melting  stages of  thick  glacial ice. Reworking  and 

throughout the Holocene and is still  active today. 

TYPES OF GOLD PLACERS 

types  of surfcial  deposits, including: 
Tertiary gravels  and  debris-flow  sediments; 
Pleistocene  preglacial gravels; 
Postglacial gravels. 

Coarse  nugget gold has mainly been retrieved from drifts 
Paystreaks  in  Tertiary  deposits  tend  to be very rich. 

along  bedrock  driven by miners in the  early part of the  20th 
century or by hydraulicking machinery. 

on ‘hardpans’ scattered  irregularly  throughout  both  glacial 
In Pleistocene deposits, gold  is  commonly  concentrated 

and  nonglacial  sediments.  During  the  Pleistocene most 

Gold placers in  the Carihoo  area  occur in three main 

preglacial  valleys  were  occupied by streams  which  flowed 

these  valleys  have  survived  glaciation  is  that part of their 
at  higher  elevations  than  present  day  streams.  The  reason 

path lies oblique to the  main  glacial  flow  direction  and thus 
they  escaped erosion. These buried channels are filled with 
Tertiary or interglacial  gravels or combinations of the two. 
Gold distribution in glacial  deposits  is  highly  variable, and 
paystreaks are rare. 

posits, reconcentration  of  placer  gold  may occur. Much of 
Where modern  streams  erode  underlying  auriferous de- 

the  early  mining  in  the  19th  and  early  20th  centuries  centred 
on  these materials, so that  at present, locating ‘virgin’ post- 
glacial  stream  gravels is difficult.  Paystreaks in these  depos- 

to several hundred  metres in length. For example,  high  vol- 
its  are  discontinuous,  commonly  ranging  from  a few metres 

ume  mining in 1985 (250 yardshour) of  postglacial  surface 
gravels  eroded from till  on  Lightning  Creek  recovered 405 
milligrams  of  gold  per  cubic  metre,  whereas  testing had in- 
dicated  only 265 milligrams  per  cubic  metre.  In  the  same 
operation,  gravels  derived  from  the  erosion  of  preglacial 
gravels resulted in a  recovery of  680  milligrams per cubic 
metre,  whereas  testing  indicated  a  value of 455  milligrams 
per cubic  metre.  This  demonstrates the variability  of  placer 
gold concentrations  in  these  types  of  deposits. 

riety  of  sediments ofvarying ages and at variable elevations. 
In summary, placer gold in the  Cariboo  occurs in a  va- 

Given the complexities  of  sediment  reworking  throughout 
the  Quaternary,  a good understanding  of  the local stratigra- 
phy is essential  for  exploration  success.  As most surface  and 
near-surface  placers have been  exhausted,  attention  should 
focus on Pleistocene  preglacial gravels. These  deposits offer 
the  best  opportunity  for  economic  recovery  of  placer gold 
in the  Cariboo. 

CASE HISTORY: LOCATING 
PLEISTOCENE PREGLACIAL GRAVELS 

BACKGROUND 
The  following  case history is  based  on  work  performed 

since 1972  (74  projects) by the  author  using a multispectral 
scanner ( M S S ) ,  both airborne  and  satellite  sensor  data and 
aerial photographs.  All  research was augmented by exten- 
sive  fieldwork  including  drilling.  Part of this work was pre- 
sented  in  1990  in a public  forum  at  the  RMS-ROSS 
Conference, Vancouver (Reimchen,  1990). 

The multispectral scanner data, which  gathers  spectral 
data in  the nonvisible  and visible portion  of  the  spectrum, 
can  prove  useful to the  exploration  geologist.  This is espe- 
cially true given  a good understanding  of  the local geology 
prior  to  interpretation.  For  example,  nonvisible  infrared 
spectral  data can be assigned  a  specific  colour  and  viewed 

tioed to highlight  specific features. Several  commercial  and 
in conjunction  with visible bands. The  data  can  also be ra- 

proprietary  software  programs are available  which  integrate 
complex  digital  data to enhance  geological  features  which 
are not visible on  black  and  white  aerial  photography, or 
from the surface. 

In  early  1984,  while  processing  several LANDSAT 
scenes  for  vegetation  classification  in  the  Fraser 
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RivedQuesnel  area  of  central  British  Columbia,  the  author 
observed several broad linear  features  that  were  not glacial 

Previous  experience  suggested  these  features may represent 
lineaments,  cultural  features or known geological faults. 

deeply buried preglacial valleys. In 1984 and  1985 surficial 
geological  investigations  were  initiated at 150 000 scale, 
for  map  sheets  NTS  93G/1 (Cottonwood), 93B/16 (Quesnel 
River)  and  93M13  (Swift  River; Figure 9-1). Air photo- 
graphic  interpretation relied on 1 :20 000 and 130 000-scale 
photographs.  Two  satellite  computer-compatible  tapes 
(CCT)  were  obtained:  an uncorrected August 1984 scene 
and geometrically corrected April 1981 scene. For  purposes 
of regional mapping, a non-standard  false-colour infrared 

printed at  a  scale of about 1 :I50 000 (Figure 9-2; see also 
image (August image)  was produced using Bands 4-5-6  and 

map in Figure 9-1). 

tal  discovery of auriferous  gravels  during excavation of a 
Field mapping in 1985 was  interrupted  by  the acciden- 

tailings  pond.  The  gravels, encountered on  Lightning  Creek 
near  Cottonwood,  overlie  bedrock  below  6  metres of till. 
Clast  lithologies and stratigraphic position of the gravels 
indicate  that  they are of interglacial age. At the  end  of  the 
field  program,  collected  data  were  interpreted  and  final 
maps  prepared.  Outcrops  of  preglacial and Tertiary gravels 
were plotted on the  image overlay. The broad linear  features 
identified on the satellite images, were used to  link  outcrops 

. . . . . . . . 

SWIFT RNER % 

Figure 9-2. Satellite  interpretation  ofancient  river  systems in the 
Cariboo  region, B.C. 

of what  appeared to be a broad drainage  system  which 
flowed to the west  and  north  (Figure 9-2). 

age to be processed. Using  bands  4 and 7,  a  computer as- 
The April 198 1 CCT (no leavedsnow)  was  the  first im- 

sisted  classification  was performed on  five  trair.ing  areas 
where  it  was  known that preglacial  gravels underlie surface 
glacial  deposits.  The  resultant  computer  classification  is 

cular polygons are  designated  "prime  exploration targets" 
shown  as  irregular polygons on  Figure 9-3. The  diakest cir- 

4-5-6  image so as  to  register  the  pictures  to  the  landscape in 
(PETS). This  classification  was  superimposed on the Band 

preparation for  further  field  exploration. 

field  and  satellite  intersections  at  several  sites h the area 
In  August  of 1985, it  was  decided to test  some  of the 

with  the  intent of locating  a placer gold bearing  chmnel.  The 
PETS  were ranked in two levels-a "primary  level priority" 
(PLP) where  a  geological and a  satellite  indicator  was pre- 

only  by satellite  indicators. Unfortunately, problems with 
sent  and a  "second level priority"  (SLP)  which w s  defined 

land access  precluded  work  on the PLP targets. !lelays re- 
quired work  to  focus on three nearby SLP targels on  open 
(unclaimed) ground, for  which  a Work Permit  was obtained 
on  only  one. 

A test pit  23  metres  deep  was  excavated in August, 
1985 (Figures 9-1  and  9-4), in a meltwater channel eroded 
7 metres into till.  Samples  averaging  approximalely  40 cu- 
bic metres  were taken from each  stratigraphic layer, washed 
through  the recovery plant  and the recovered  placer gold 
was weighed. Squared-off logs were encountered 2 metres 
below ground surface.  Accordingto  the  'locals' this site was 
the  approximate areaofan early  prospector's  (Gagen) shaft. 

tion.  A  reddish "paleosol" horizon  (at  901 m) was inter- 
The shai? extended down  to till (2 m) at  907 metres eleva- 

Alii0 Creek 

Figure 9-3. Computer  classification,  darkest  polygons are prime 
exploration  targets. 1:50 000 (see Figure 9-1 for 1oca:ion) 
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Figure 9-4. Meltwater-channel  test  hole,  Auramet  International Ltd., 93B/16E, August 12-16, 1985 (see Figure 9-1 for  location) 

Figure 9-5. Skctch ofold workings  along  Sovereign  Crcck,  reputedly by Fraser, one ofthe local  prospectors. 
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sected below  the till. The soil was underlain by a coarse 
bouldery gravel layer  at  898  metres elevation. 'The gravel is 
lightly stained by ironoxide,  7metres  inthickness,and over- 
lies a cemented sandy clay layer, 1 metre thick, which is also 
hcavily iron  stained. Artesian conditions  were encountered 
under the cemented sand unit.  The lowermost unit, below 
the sandy clay, consists of pebbly gravels containing sub- 

and indurated. 
rounded to  subangular clasts. The unit is heavily iron stained 

A one-cubic yard (0.75 m3) sample with visible gold 
was obtained from  the bottom of a test  pit  at  886  metres 
elevation. The  pit was located in an  area well removed from 
all present-day river valleys.  Analysis of additional samples 

gold. 
from all stratigraphic layers  below the till recovered placer 

SOVEREIGN  CREEK 

the Sovereign Creek valley, approximately 2 kilometres east 
Additional field studies werc undertakcn on claims in 

of the previous studies. Sovereign Creek is incised about 30 
metrcs into the landscape and, in this location, flows at about 
925 metres elevation. Bedrock is exposed in valley sides for 

capped with shallow  gravels  only a few metres in thickness. 
much of its length. Several terrace levels are present, each 

One mining operation had encountered acceptable paying 
gravel on  terraces a few  metres above the creek bottom. The 
lowermost terrace or bed ofthe stream contains 'dirty' grav- 
els, varying in thickness from 1 to 3 metres, but with a ran- 
dom  gold  distribution  (a  variety  of  small-scale  mining 

operations have mined the creek-bottom gravels  on several 
occasions), 

Some of the famous prospectors of the Carihoo settled 

gings  can bc seen along the valley, as well as  on an old map 
in this area building cabins  along Sovereign Cree c. Old dig- 

reputedly sketched by  Fraser (Figure 9-5). Hand workers 
before and  after World  War 11, such as  Mason,  Gazen,  Chipp 

plemented by Terry Toop in 1978, St. Moritz Gold and Plati- 
and Fraser, worked in  this area. Mechanical mining was im- 

num  Ltd.  (Vancouver)  in  1987  and  1988  and  Royal 
Sovereign Resources (Quesnel)  in 1989. All of the above 
recovered gold by working surface gravels. An interview 
with  one of the principals of St. Moritz  Gold and Platinum 
in October of 1989, resulted in a statement that in the area 
"where the Sovereign Creek channel turns and . m s  to the 
northwest (just  east ofthe Discovery staronFigures 9-1  and 
9-2), ... on the final days of mining, the  sluicebox  was [found 
to be] covered with gold ..." (personal communication, Fer- 
dinand U. Vondruska, 1989). 

Based on this information, the  valley  side  at  this loca- 
tion on Sovereign Creek  was cleaned with a backhoe. Ex- 
cavation  was  extended  several  metres  below a line of 
imbricated boulders in till (Photo 9-1). The com3osite stra- 
tigraphy for section BS-9 (Figure 9-5) consists of the fol- 
lowing  (top  to  bottom):  till (1 metre),  glaciolacustrine 
sediments (2 metres), preglacial gravels ( 5  metres) and a 
boulder pavement  overlying  volcanic  bedrock  at an eleva- 

cated  100  metres  east  from  BS-9 revealed t h e  following 
tion of 917 metres. A second, deeper test pit (13S-12), lo- 

(Photo 9-2, see also Figure 9-5): till (8 metres), glaciolacus- 

Photo 9- I .  Backhoe stripping along  Sovereign  Creek. 
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Figure 9-6. Rose  diagrams in Z O O  divisions, on the  orientation 
direction of (a) the long axis of 25 pebbles  of the St. Moritz till 
section (bulk sample 12); (h) the  long  axes  of 15 beds ofstratified 
materials inthe till ofthe St. Moritz  section;  (c) 21 small-scale  drag 
folds inthe lacustrine  sediments  below till ofthe St.  Moritz  section; 

916 m. EI6vation (d) the long axes  of 30 pebbles  measured in the upper gravels of 
‘preglacial‘  Sovereign Creek; (e)  the long axes of 30 pebbles 
measured in the  lower  gravels  of  ‘preglacial’  Sovereign  Creek. 

directly below the lacustrine sediments. In contrast, fabric 
Photo 9-2. Section in test pit BS-12 on Sovereign  Creek. analysis of the  lower gravels, which  contain a higher per- 

centage of well rounded sand grains and pebbles, indicate a 
trine sediments (1 metre), preglacial bouldery gravels (8 me- paleoflow  direction  trending  northeasterly (Figure 9-6e), 
tres), preglacial pebbly gravels (3 metres); the hole termi- oblique  to the upper sediments. 
nated at  912 metres elevation. 

In an attempt to establish the paleoflow direction of the 

preglacial river channel which deposited the buried gravels, 
glacial ice which deposited the uppermost till, as  well  as the 

several pebble imbrications were measured. Fabric analysis 
of  25 clasts  in  the till indicated a preferred long axis orien- 
tation trending northwest and  southeast (Figure 9-6a). This 

ereign Creek. Crossbedding  structures  in stratified materials 
orientation approximately parallels the present cnurse Sov- 

intercalated in the till were also measured. Assuming that 
these features originated in subglacial streams flowing a p  
proximately parallel to ice movement, they also  suggest gla- 
cial flow from southeast  to northwest (Figure 9-6b). Finally, 
21 small-scale drag  folds  were measured in the uppermost 
lacustrine  sediments  directly  beneath the base of the  till 
(Figure 9-6c). All of these  measurements confirmed ice 

DRILLING 
Given  the  above  stratigraphic  and  sedimentological 

evidence, a series of drill holes  were collared along a trend 
parallelingthepresumedpreglacialvalleychannel. Step-out 
holes  were drilled every 200 metres  with infill where needed 
(Figure 9-7). Drilling  was  done  with  both a truck-mounted 

rig. The  section  was  sampled  continuously  with  sample in- 
chum  rig and a central-stem rotary (CSR) track-mounted 

tervals of 1.5 metres. In  the field, the  materials  were de- 

processed using  dulongs  and  conventional gold pans. Grav- 
scribed geologically and geotechnically, then washed and 

the  drilling  results  is  provided  in  Figure 9-8. Schematic 
els and placer gold were sized and weighed. An  example of 

cross-sections through the buried valley, compiled  from the 
drilling  data,  are provided in Figures 9-9 and 9-10. 

~~ 

rection. 
from the last glaciation advanced from a southeasterly di- PREGLA  CIAL  (TER  TIAR  SOVEREIGN 

CREEK - A SUMMARY 
Pebble fabric  data from the preglacial gravels indicate Thirty-six drill holes  outline the remnant of a preglacial 

a paleoflow from southeast  to northwest (Figure 9-6d) in Tertiary valley buried by till  (Figure 9-7). The buried Sov- 
imbricated boulder gravels inthe  upperpart  ofthe sequence, ereign Creek valley  (base  at  886  to  890  metres)  contains 
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Figure 9-7. Drill hole  locations. 

rounded  pebbly  gravel  in a fine to medium sand matrix. 
Based on pebble orientation and drill data, it appears that 
the Tertiary valley trends  in an approximate east-west direc- 
tion. The pebbly gravel section contains numerous sandy 
clay lenses  resembling overbank deposits. Placer gold oc- 
curs throughout  the section, but  is concentrated near the top 

the base of the valley. 
of these lenses as well  as in coarse boulder pavement near 

Interglacial gravels  trending northwest-southeast over- 
lie the Tertiary sediments. The paleosol at the top  ofthis unit 

are overlain by glaciolacustrine sediments  which  indicate 
confirms a lengthy subaerial exposure. In places, the  gravels 

local ponding  conditions occurred as glacial ice advanced 
into the  area from the northwest. Till containing auriferous 
sediment was subsequently deposited over  the lacustrine 
sediments. 

During deglaciation, meltwater  flowing  along the edge 
of the glacial ice began incising the existing valley of Sov- 
ereign  Creek  which  flows through a newly cut channel to 
the northwest joining Swift River (Figure 9-2). Postglacial 
erosion  was  accompanied  by  at  least 40 metres  of 
isostatic/tectonic uplift, as  the Swift River now flows in a 

bedrock channel at 850 metres elevation, well below the 
base of the Tertiary valley. 

CONCLUSIONS 

Folklore + Science + Perseverance has resulted in the 
discovery of a gold-bearing preglacial Tertiary v;dley infor- 
mally termed the 'buried valley of Sovereign Creek', Cari- 
boo goldfield of British Columbia. 
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Figure 9-8. Drillhole 16A Sovereign  Creek,  Cariboo  goldfield, 
B.C. 
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Figure 9-9. Drill  fence 'B'. Schematic  cross-section  through 
"preglacial  Sovereign  Creek",  Cariboo  goldfield,  B.C. 

Figure 9-10, Drill  fence 'A'. Schematic  cross-section  through 
"preglacial  Sovereign  Creek",  Cariboo  goldfield,  B.C. 
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GLACIAL  DISPERSAL OF INDICATOR  BOULDERS;  SOME 
ASPECTS OF A CASE  STUDY  FROM THE LOWER SAtNT 

LAWRENCE  REGION, QUEBEC 

By Martin Rappol, Geological  Consultant "- 
INTRODUCTION 

system is  that  glacier ice, unlike most  other geologic agents, 
A characteristic feature  of the glacial debris transport 

has virtually no upper level of competency  for the transpor- 
tation of large  particles (cf: Shaw 1983). Glaciers  can trans- 
port  huge boulders and  at  the  same  time  incorporate material 
from  fine-grained  unconsolidated  sediments.  Moreover, 
boulders can  he  transported  over very long  distances  (over 

much  mechanical or chemical  alteration. 
1000 km by Pleistocene  ice  sheets)  without  experiencing 

sediments may be transported  over  short  distances by gla- 
Large masses of  bedrock  as  well  as  unconsolidated 

citectonic  processes.  If  we  exclude  these,  possibly  the 
world's  largest known glacial  erratic is found  near Tallinn 
in Estonia,  where a block of rapakivi  granite  from Finland 
with a diameter  of 56.5 metres  is found over IO0 kilometres 
from  its  source (Viiding, 1981; cited in Donner,  1989). Well 

hills  erratics  train in southwestern  Alberta,  consisting  of 
knownis'BigRock'nearOkotoks,formingpartoftheFoot- 

three  pieces  considered  to  have  been one block with dimen- 
sions  of  41 by 18 by 9 metres, with  an  estimated  weight  of 
16 400  tonnes,  and a transport distance of approximately 
500 kilometres  (Prest, 1983). 

In  practice,  ice-flow  directions may vary considerably 
over  time,  resulting in indicator  boulders  from a given 
source  occurring in a fan or ribbon-shaped mea, down-ice 
from the source. This is  well  illustrated  by  the large-scale 
dispersal  patterns of the  Fennoscandian  ice  sheet  (Figure 

from a straight  line; ice movements in the  southwestern sec- 
IO- 1). Also evident is  strong  deviation  of  the transport path 

tor  of the ice sheet  transported  Aland  rocks in a westerly  and 
northwesterly  direction.  Establishing  such  dispersal pat- 
terns on large as well as local scales by means of  systematic 
observations  of  distinctive  rock  types  provides  valuable in- 
formation  on  the  glacial history. Boulder  counting  is a typi- 

directions  of  glacial  transport. Where the  opportunity exists, 
cal field  method,  providing a first approximation of the 

the  method is normally  combined  with  an  analysis  of 
erosional  markings  (glacial  striations, rat-tails, etc.) and 
other  data  (geochemistry). 

tive  bedrock  bodies  with a relatively small  areal extent. 
The  method  depends  entirely on the presence of distinc- 

These  bodies  provide  the  glacially  transported, so-called, 
indicator  boulders.  The indicators should be easily recog- 
nizable in the field, allowing a quantitative  estimate  of their 

procedures (e.g. boulder size  limits, sample size, etc.), de- 
frequency  at  observation sites. Many of the methodological 

Figure 10-1. Maximal  extension ofthe Fennoscandian  ice  sheet  in 
northern  Europe  with  dispersal fans of I .  Oslo area irdicators, 2. 
Dalama  porphyries, 3. erratics from the &and Island;, 4. V~borg 

the  peculiar  distribution of &and rocks. 
rapakivi, 5.  Umptek  nepheline  syenite.  See  text  for  comment  on 

pend  entirely on local circumstances  and  objectives of the 
investigation (see also Hirvas and  Nenonen 199 I). 

FACTOR§ AFFECTING GLACIAL 
TRANSPORT OF  BOULDER§ AND 
THEIR DISTRIBUTION IN TILL smrm 
shear  zone,  where  the  highest  strain normally occurs at the 

The  contact  of  an  ice  sheet with its  hed R presents a 

contact of the ice and  its  substrate (FipuIu: 10-2.h). Above 
and  below  this  contact, the debris-rich ice and the subglacial 
materials are subject to strong deformation. Boulders, be- 
having as rigid bodies, tend  to  migrate  away fran the zone 
of maximum  shear; hence, they are either pressed into the 
substrate or moved  higher up into  the ice. Seve~al features 
of till sheets are related to this process. For example, some 
boulder  pavements  may  have  formed  in tills or at the base 
of tills by this process. Secondly, the surface layers of  till 
are usually markedly  enriched in boulders. Moreover, col- 
lision  among  boulders  transported in a debris-ric'h basal ice 
zone  also  tends to move  boulders up, towards higher levels 
within the ice. Essentially, the mechanism may be consid- 
ered similar to the shaking of a box filled with marbles of 
different size; when  shaken in a horizontal direction, the 
larger marbles will eventually  rise to the top. 

sal debris-rich ice is  very high. Material highel in the  ice 
Figure 10-2a shows that  the  velocity d i e n  t in the ba- 
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Figure 10-2. A. Flow velocity of ice through a vertical  section of 
an ice sheet; B. Deformation  rate  (strain) in the  same  section. 

moves  much  faster  than  that  closer  to  the base. In a vertical 
section through the  ice,  material  higher inthe ice will, there- 
fore,  originate  from  farther up-ice. Consequently, the boul- 
dery  upper  till  zone  tends to  contain  more  far-travelled 
material than the  underlying till material. Generally, how- 

with  shallow  overburden  reflect  transportation  over  very 
ever, the  vast  majority  of  boulders in a till sample  from  areas 

short  distances, to the  extent  that  surface  boulders of glacial 
deposits can often be used to  map bedrock. 

In large parts of  Scandinavia  and  Canada, bedrock is 
obscured by glacial  deposits,  and in many  areas  the ground 

dery  surface  layers  represent  deposition  during  the  final 
surface is strewn  with  boulders  (Photo 10-1). These boul- 

stages  of  deglaciation.  The  origin  of  such  boulder  surfaces 
may be variable,  including non-glacigenic processes,  such 
as till  surfaces  that have been  washed by meltwater  streams 
(Bouchard and  Salonen, 1991). For  example, in Alpine  re- 
gions, where  rockslopes  extend  above  the  glaciers,  glaciers 
may  transport large amounts of supraglacial  debris  (typi- 
cally  very angular), delivered  by  rock  fall  on  top  of  the ice. 

Figure 10-3. Location  map of study  area. 

Photo 10.1. Bouldery  surface  layer of till, 

GEOLOGIC  SETTING 

Lawrence  estuary  (Figure IO-3), and comprises  most of  the 
The  study  area  is  located on  the  south  shore of  St. 

Lower  St.  Lawrence  region (Bas-Saint-Laurent) and part of 
adjacent  Gaspisie,  west  ofthe  Matapidia  and  lower Matane 
valleys, as well as some  parts ofadjacent  northwesternNew 
Brunswick. The  St.  Lawrence  estuary  lies  along  the  contact 
of  igneous  and  metamorphic  rocks  of the Canadian Shield 
and  predominantly  sedimentary  Appalachian  rocks  of  Pa- 
leozoic age. 

On the basis of stratigraphy, glacial  erosional  features 
and  dispersal  patterns,  the  following  sequence of  events  has 
been  reconstructed  for the last  glaciation (see Rappol, 1993, 
for  extensive  reference  to  earlier  work in the area).  The fust 
major  event  during  the  Late  Wisconsinan  glaciation  was  the 
invasion ofLaurentide  ice  from  across  the  St.  Lawrence Val- 

west, originating in or moving across  the  area  of  Laurentide 
ley. In  the western part of the area,  ice  moved in  from the 

Park, north of Quibec City. In  the  northern  part  of  the  study 
area, ice advanced from the  north-northwest or northwest. 
At this time, local ice caps covered some  of the  higher re- 
gions  ofthe  Appalachians ( .g .  central Gasp4sie and  the  Mi- 
ramichi  Highlands of New  Brunswick).  Flow  of  Laurentide 
ice, colliding  with  these  local  ice  masses,  was bifurcated: 
towards  the  south  and  down  the  St. John River valley, and 
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Figure 10-4. Main events  of  the  Late  Wisconsinan  ice flow history 
in the  Lower St. Lawrence  region. A. Invasion  of  Laurentide  ice; 
9. St. Lawrence  Valley  ice  sb'eam; C. Passing ofcaiving bay. 

eastward  towards  Chaleur Bay (Figure 10-4A). It is uncer- 
tain, however, exactly how  far the influence of Laurentide 
ice reached in these areas. A third flow was deflected down 
the St.  Lawrence Valley  by the highlands ofcentral Gaspesie 
and the ice cap  which covered them. 

ice-f?ee throughout the Late Wisconsinan (Dyke  and Prest, 
The Gulf of St. Lawrence  area  may have be,en largely 

ation presented an ideal setting  for the developent of a 
1987). With late glacial sea level rise, the topographic situ- 

marine ice stream in the St. Lawrence Valley. Drawdown 
caused by this ice stream resulted in the development of  an 
Appalachian  ice  divide  from  which ice movei north or 
north-northeast over  the study area  (Figure 10-4B). On the 
other side of the Appalachian divide, drawdown may have 
occurred, to a lesser extent, towards the Gulf of Maine and 
Chaleur Bay. 

result of diminishing ice thickness), and the rising sea level 
Due to a decrease of discharge by the ice slream  (as a 

during the late glacial, a calving bay progressec up the St. 
Lawrence Valley, passing the  study  area betweell 14 ka and 
13 ka (Figure 10-4C). Atter  passage of the calving bay, Ap- 
palachian ice readvanced in  the  area near the  town of Ri- 
mouski. At present, the maximum age  of this re'advance is 
dated at 12.3 ka, but  it  may well be as  young as 11.8 ka, 
which would make it synchronous with readvances in other 
parts ofthe region. Laurentide ice readvanced from the west 
into the Rivikre-du-Loup area, probably around 11.8  Ita. 

tablish the distribution of far-travelled Precambrian erratics 
Boulder counts  were incorporated in this study to es- 

and to  define  in relative time  the transportation event re- 

rived from age relationships among erosional dctail forms, 
sponsible, and to  see  how  the 'erosional stratigraphy', de- 

relates to  the  main transport and depositional phases of ma- 
terial  from  local  Appalachian  sources.  The following is 
summarized from Rappol and Russell (1989) m d  Rappol 
(1993). 

GLACIAL DISPERSAL OF INDICATOR 
ROCKS 

information for reconstructions of glacial histov. However, 
Glaci-erosional detail  forms  give  valuable and essential 

for such practical applications as prospecting in glaciated 
terrains, it  is generally more important to estabii jh dispersal 
patterns of rocks and minerals. It  is not uncomlnon to find 
that a youngest ice flow  event may have effectively abraded 
exposed rock surfaces and yet was  rather  ineflective with 
respect  to  erosion and transportation of detectable amounts 
of glacial debris. 

METHOD 

1988 fieldwork, more than 60% of these counfs contained 
Over 500 boulder counts were carried ou: during the 

1000 boulders w.d only  three  samples less than 500. The 10 

a sufficient number of boulders could be found at most ob- 
to 30-centimetre fraction  was  chosen because it assured that 

servation sites. Sample  sites included gravel pits and road 
cuts, boulder piles in fields (Photo 10-2), surfzce boulders 

each  site, the numben  of Precambrian erratics from the Ca- 
in cleared forestry areas, and a few natural exposures. At 

nadian  Shield  and  selected  Appalachian  indicator  rocks 
were recorded. 
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Photo 10-2. lnspection of pile of boulders  cleared from a field. 

Figure 10-5. Disperal ofvolcanics  from  Pointe-au-Trembles 
Formation.  Frequencies in number per 1000 boulders. 

Figure 10-6. Dispersal from a small quartz diorite  outcrop  east 
of  Lac Thiscouata (from  Martineau, 1979). 

DISPERSAL OFAPPALACHIANINDICATOR 
ROCKS 

Two examples  will be discussed below: 
Andesitic components  of the Pointe-aux-Trembles For- 
mation  (Lesptrance  and  Greiner,  1969;  David et al., 
1985), 
Gabbro  sills in the  area  between  Lac-des-Echoes  and  Lac 
Mistigoukche (Btland,  1960; Lajoie, 1971). 

shown in Figure 10-5. It  indicates a somewhat  irregulartrain 
Dispersal  from  the  Pointe-aux-Trembles  andesite is 

in a well defined southeasterly  direction.  This  train  extends 
into  New  Bnmswick,  at  least  to  the  Grand Falls area, well 
over 100 kilometres  from  the source. Dispersal  trends  to- 
wards the north  and  northwest  decrease  more rapidly than 
the southeastward  dispersal  train.  Because  of  the elongated 
outcrop  area,  more or less  transverse  to ice flow, northward 
and northwestward dispersal,  which is  expected  on the basis 
of  striation  evidence,  cannot be clearly  separated.  However, 
both appear in the dispersal  pattern  from a nearby, more 

by Martineau (1979). From the striations it  follows  that  the 
equidimensional  outcrop of diorite  (Figure 10-6) analysed 

northward flow preceded the  northwestward  flow and that 
both are  younger than the  southeastward  flow  event.  The 

phase of the Late Wisconsinan. 
latter  represents  invasion of Laurentide ice during the early 

Dispersal  from  gabbro  sills  exposed  between Lac-des- 
Echoes and Lac Mistigoukche is  depicted in Figure 10-7. At 
least four dispersal  trains  are  apparent:  east-southeast 
(Chaleur Bay area),  south-southeast,  north  and  northwest. 
These  dispersal  directions  are  supported  by  striation evi- 
dence, although  such  evidence  is  rather  sparse in the south- 
eastern  part of the area. 

The  southeasterly  trains  must  correspond with flow of 

trains  may be due to slight  changes  in  the  interaction be- 
Laurentide ice over the area.  The  presence of  two distinct 

tween local ice and  invading  Laurentide ice (Rappol and 
Russell, 1989). It has also  been  suggested  that  Laurentide 
ice invading the area flowed fust  towards the southeast  and 
later  towards  east  (Hughes et al., 1985). 

Northward  and  northwestward  dispersal of gabbro  cor- 
respond with that  found for the Pointe-aux-Trembles an- 
desite.  The  northwestward  dispersal  falls off rapidly, but the 
northward  flow  event  left a well  defined  dispersal  train 
reaching as far as the present coast. 

DISTRIBUTION OF PRECAMBRIAN 
ERRATICS 

indicators in surficial  deposits  of the  study area; consider- 
Figure 10-8 illustrates the frequency  of  Precambrian 

able variation is  evident.  These  erratics are present through- 
out the area  and have been found close  to  the  summit  of 
Mont %-Pierre (907  m a.s.l.), the highest  point in the  area. 
Shield indicators  comprise a wide  variety  of  igneous  and 
metamorphic  rock types, among  which,  anorthosite  (Photo 
IO-3), mangerite, gneiss  and  granite  gneiss  of  the  Grenville 
Province  are  most  characteristic and distinctive.  Precam- 
brian erratics  are  most  abundant in the southern  part  of the 
study  area.  In the area  of  Lac TLmiscouata, counts  of 2.5% 
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Figure 10-7. Dispersal of Lac Raymond  gabbro.  Frequencies in 
number of boulders  per 1000. 

Figure 10-8. DisWibutionofPrecambrianerratics inthestudy area. 
Frequencies are given in number per 1000 boulders counted. 

are common, with a maximum of 5.0%. Precambrian errat- 

the Saint John Valley. A few  counts in the area of Grand 
ics  continue  to he abundant farther to the southeast along 

Falls, New Brunswick, gave frequencies between 1 and 5%. 
Toward the  coastal zone, values generally decline. Ice-con- 
tact  deposits  at  and below marine limit (St-Antonin moraine 
and related deposits) contain generally less than 1% Pre- 
cambrian  erratics (see also, Dionne, 1971). A second area 
where Precambrian erratics are abundant is located south of 
Mont St-Pierre in western Gasptkie. In contrast, the  area 
directly north of Mont St-Pierre is  among  the  areas where 
these erratics are least abundant.  In fact, in a hroad coastal 
zone  north of Trois-Pistoles, Precambrian erratics are rare, 
with  the  exception of an area  near Mont-Joli. The latter area 
coincides  with  the  well preserved northerly dispersal train 
from the gabbro sills. 

Photo 10-3. Sheared  anorthosite  boulder;  characteristic  Shield 
erratic. 

erratics are present, hut generally rare. The limit of their 
In the southeastern part of the study area, Prrxambrian 

occurrence could not he established by mapping. Late gla- 
cial flow from the Appalachian ice divide must have distrib- 
uted Precambrian erratics over a large part of northern and 

sensosfricfomaynothavereachedtheseareas.Pr:camhrian 
southwestern New Brunswick, even when Lautentide ice 

erratics may he less conspicuous in these regions, because 
of the  abundance of local igneous and occasicnally  also 
metamorphic  rock  types. A few Precamhrian  indicators 
were found embedded  in massive and dense til', hut they 
appear far more abundant in thin bouldery surface horizons 
and  in  ice-contact  deposits formed  during  deglaciation 
(Dionne, 1971; Lebuis and David, 1977). 

CONCLUSION 
The pebble count distribution indicates that most Pre- 

cambrian erratics were introduced to the study area during 
the last glaciation and  were deposited during a lale phase of 
till formation. It also indicates that the Precambrian material 
was transported at relatively high englacial levels within the 
ice. Because flow velocities in active glacier ice increase 
rapidly from the base upwards, the Precambriarh debris in 
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high-level transport positions represents the most mobile 
element of the glacial debris  assemblage  and was, therefore, 

Appalachian ice divides. This is reflected in the present dis- 
strongly affected and redistributed by late glacial  flow from 

tribution of frequencies of Precambrian erratics in surficial 
deposits of the area. 

Transport and erosion by late glacial Appalachian ice 
flows did not  affect  all  parts of the  area equally. Notably in 
the Appalachian ice divide zones, the  effect  ofredistribution 

been minimal, and it is here that a high frequency of Pre- 
of material brought in by the Laurentide ice invasion has 

Cambrian erratics  may be expected. Away from these ice 
divides, Precambrian material became progressively more 

and down  the St. Lawrence Valley. For example, north of 
diluted by Appalachian material  as ice moved  back  towards 

Mont %-Pierre,  in the northeastern part of the study area, 
late westward and northward flow events removed virtually 
all  evidence of an earlier Laurentide ice cover, whereas 
south ofthe mountain, an area  with a high frequency of Pre- 
cambrian indicators is evident. 
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LITHOLOGICAL  ANALYSIS  IN  DRIFT 
PROSPECTING  STUDIES 

By Peter T. Bobrowsky, 
B.C. Geological Survey  Branch 

”- 

INTRODUCTION 
The  importance  of  detailed  lithological  analysis in the 

discovery of buried  ore  deposits  is well established.  The use 
of lithological  analysis  centres on the  recognition  that  frag- 
ments of bedrock can occur  as  scattered  clasts  within the 
overlying or adjacent  surficial  sediments, or on the ground 
surface. If these  fragments  are  mineralized and traced back 
to their  provenance or source, and the  deposit proves to be 
of  economic  importance,  then the methodology of drift ex- 
ploration  using  indicator  clast  dispersal  is  successful. On 
average  the  distance to source should be short, as  Puranen 
(1990)  states  that  approximately half of  the boulders ob- 
served in a  ‘typical till’ are derived from less than three 
kilometres in distance. 

common  practice.  In  fact,  geologists  are quick to  recognize 
The study of clast  lithology in Quaternary research is a 

Pleistocene  erratics of exotic  origin  when they are ofpromi- 
nent size or significant  transport  distance (e.8. the 56.5 m 

kilometres  transport  distances of some Canadian Shield er- 
‘Kabelikivi’  rapakivi  block in northern Europe and the 2500 

ratics; DoMer,1989). Briefly, the purpose  ofclast dispersal 
studies  then,  is to isolate the provenance  of ore deposits by 
mapping  the  distribution and concentration of distinct  li- 
thologies within the  framework of clearly defined geologi- 
cal contexts. The  analysis of lithologically unique bedrock 
fragments,  which  are  often  referred  to as indicator  clasts, 

proach  to  successful drift prospecting. Depending  on  the 
float, or mineralized erratics,  typifies one often used a p  

specifics of the methodology, the approach  includes a num- 
ber of related  practices such boulder  tracing,  clast  indicator 
tracing,  pebble counts, or stone counts. 

In  contrast  to  geochemical  methods,  the use of li- 
thological  variations in surficial  sediments  for  exploration 
purposes  has  a lengthy historical  precedence. For instance, 
in Scandinavia,  the  use of ore  fragments  to  trace  bedrock 

In Canada, one of the  earliest  published  examples is that  of 
sources  dates as  far back as 1740 (Strobel and Faure 1987). 

Dreimanis  (1958)  who  traced  iron  ore  boulders  at  Steep 
Rock Lake, Ontario. In British Columbia, Day e t a l .  (1987) 
provide  a  good  case  study ofup-ice point  source  exploration 
work in the Windy Craggy  area  using  clast  analysis.  Broster 
and Huntley  (1995,  this  volume)  illustrate the use of li- 
thological work forregional mapping. Other  good  examples 

pol, 1995, this  volume) and the rest of the world are well 
of  lithological  analysis  from  elsewhere in Canada (e.g. R a p  

known, and several  are  referenced  where  appropriate in the 
following  discussion.  Few  studies  emphasize the glaciated 

Evenson et al., 1979), although such an  environment  is in- 
alpine or mountain  environment in drift  exploration (cf: 

herently unique when  compared to the  traditional research 
on continental  areas  glaciated by ice  sheets. 

thologic  indicator  tracing  with an emphasis on glrciated and 
This  paper  provides a detailed  examina!ion  of li- 

mountainous terrain. I review  the background Ixhind the 
concept,  discuss  variations on the methodology and offer 
relevant  interpretations  which  will  assist drift exploration 
studies in the Canadian Cordillera.  Many ofthe  c’mclusions 
and implications  derived  from this work have blaad appli- 
cability to other  glaciated and mountainous  terrains. 

BACKGROUND 
Clast  lithological  analysis  in  Quaternary  stucies is most 

widely  used  to  address  one or more of the  following 
(Bridgland, 1986): 

Describe  a  deposit; 
Determine the provenance  of  a  deposit; 
Differentiate  deposits  with  a  different  genesis; 
Differentiate  deposits of similar  genesis but different  age; 
Delimit  facies within a  deposit. 

All  of  the  above  are  important  questions  that  must be 
answered in drift exploration studies. Fortunately, the po- 
tential  to use clast  lithological  analysis is good in the ylaci- 
ated mountainous  terrain of British  Columbia  where  the 
percentage  of  clasts in tills and other diamictom: is usually 
high. 

Clast  lithological  analysis  in  drift  prospecting studies 
involves the study of surface erratics (indicator fans, indi- 
cator  trains, etc.) or clasts  derived fiom within  the sampled 
media (preferably till). Terminology varies from the generic 
(e.g. clast  indicator and stone  count) to the size and shape 
specific (e.g. boulder fan  and  pebble  plume) in clast  li- 
thologic  studies.  Descriptive  terms  such as boulier,  cobble 
andpebbleareotknusedinrespecttotheWentwxth(1922) 
size class scheme for clasts  less  than  256  milli~netres, 64- 
256 millimetres, and 4-64 millimetres respectively. Gravel 

Accompanying  terms include fan for patterned accumula- 
is also  used  to  denote clasts  less than 2  millimelres in size. 

tions of  erratics  observed on the ground sutface, plumes for 
three-dimensional  dispersal  patterns from the r,ource, and 
trains for  generic down-ice patterns. Float also is some- 
times used to denote a rock h g m e n t  which is detached and 
displaced  from  its  source. Terms such as indicator c h t  and 
stone count are frequently  used  to  indicate  ilrovenance 

tation of a  dispersal  pattern. 
study  of  materials  coarser than silt, but without  the COMO- 

The  distribution  of  clasts  from  original  source to f d  
position on the ground surface  is  controlled by erosion, en- 

Paper 1995-2 113 



trainment,  transportation  and  depositional  mechanisms of 
ice (Salonen  and  Palmu,l989);  hence  the  phrase glacial dis- 
persal (Shilts,1984). Figure 11-1 shows a hypothetical  case 
where a buried  but  distinct  lithologic  bed  is  fractured, 
eroded, incorporated,  transported  and  deposited  by a glacier. 

The  abundance  of  any  particular  lithology  is  usually 
expressed as a percentage of the  total  lithologic  assemblage 
and can be  shown  to  be  distributed in a patterned and  pre- 
dictable  manner in glacial  deposits.  Krumbein (1937) was 
one  of the first  to  explore this relationship  when  he  observed 
that  the  maximum  concentration  of  debris  dispersed by a 
glacier  occurs  near  its  provenance  and  subsequently  de- 
creases  exponentially in the  direction  of  glacial  transport 

this distribution as consisting  of a head, tail  and  dispersal 
(see section on Statistics). Shilts (1976) aptly  generalized 

curve to which a negative  exponential  function can be ap- 
plied (Figure 11-2), whereas  Salonen and Palmu (1989) di- 
vide  the  distribution in two,  recognizing a proximal rise and 
distal decline  (Figure 11-3) to  which linear  and  lognormal 
curves  could  be  applied, respectively. 

DESCRIPTIVE  PARAMETERS 
Dispersal plumes, fans  and  trains can be described  by 

a series  of  quantitative  and  qualitative parameters. For ex- 
ample,  Batterson (1 989) notes that  for  one  sample  of  disper- 

to  the  ground surface averages loSO' but ranges  from 0'30' 
sal trains, the angle of climb (a) from the provenance  source 

to 330'. However,  climb angles as high as 10' have been 
described  in  Quebec (DiLabio, 1990) and  elsewhere (Sa- 
lonen, 1992). On  the  surface  documented  fans  and  trains 
display  dispersal  sector  angles  ranging  from 1 to 90° (Sa- 
lonen, 1986), but  the  majority  average  about 10' (Salonen 
1987). The  assumption  that  fan  direction  parallels  paleo-ice 
flow is not  always  the case, given  examples of depositional 
trains up to 15' off the regional paleo-flow (DiLabio, 1990). 
Of 464 fans  measured in Finland,  most  fans  averaged 1-5 
kilometres in length, but ranged in length  from 0.2 to 600 
kilometres  (Salonen, 1986,1992). The numberofindicator 

clasts  comprising  these  fans  tended  to  consist  ofsome 20-30 
boulders  (Salonen, 1987). 

As the  plume  reaches the ground  surface,  the  nearest 

proximal or apical  clast  (Figure 11-1). The  distance  between 
indicator  clast  identified on the  surface  is  referred to as the 

this  point  and  the  proximal  contact of the  source (C) can be 
determined through observation or estimated  using the an- 
gle of climb  (Figure 11-1). Other  surface  measurements 
from  the  proximal  contact ofthe source  include  the  distance 
to the farthest  travelled  clast (B), the  distance to the  major 
concentration of clasts (K), and  the  maximum  distance  at 
which the frequency is greater than 1% (Bouchard  and Sa- 

I A 
i % 

Y 

Figure 11-2. Generalized  dispersal  curve showing position  ofhead 

ten; all  distances  in km. K = distance  from  proximal  contact  of 
and tail, proximal  rise  and  distal  decline  and  descriptive  parame- 

indicator  source to maximum concentration of clasts, A = total 
length of the  indicator train from  the  apical  clast  to  the 1% 
frequency  limit, E = the  distance from the  apical  clast  to  where  the 
frequency  reaches 50% of  the  total  (renewal  distance); Dm = is 
the  distance  where  the  frequency of an  indicator  clast  declines to 
50% of its value  (half-distance). 

Figure 11-1. Schematic cross-section through hypothetical  indica- 

Modified  after  Bouchard  and  Salonen (1990). K = distance  from 
tor  plume s u m m a r i z i n g  descriptive  parameten;  all  distances  inkm. 

proximal wntact of indicator  source  to  maximum  concentration  of 
clasts, B = distance from proximal  contact  of  indicator  source  and 
farthest  travelled  clast, A = total  length  of  the  indicator  train  from 
the apical  clast to the 1% frequency  limit, C = distance  from 
proximal  contact of indicator  source  and  apical  clast  on  surface, a 
= angle of plume  climb  from source to  surface. 

Distance- 

Figure 11-3. Schematic  figure  showing  estimation  ofparameter K 
using  proximal  rise (hear function)  and  distal  decline  (lognormal 

and  Palmu (1989). 
function)  for theoreticaldispersal  curve.  Modified  after  Salonen 
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lonen, 1990; Figure 11-2). The  total  length of the train (A) 

The distance from  the  apical  clast  to  where  the  frequency 
is measured from the  apical  clast  to  the 1 % frequency point. 

reaches  50%  ofthe total  isreferred  to  as the renewal distance 

of  an indicator  clast  declines  to  50%  of  its  initial value. 
(E). Half-distance (Dm) is the distance  where  the  frequency 

According  to  DiLabio (1 990,) small  dispersal  trains  are 
all  extremely  thin  relative  to  their  width and length, they are 
orders of magnitude  larger than their bedrock sources and 
display  abrupt  contacts  (vertical and lateral) with  the enclos- 
ing sediments. 

SAMPLES 

number of clasts  collected as part of  a  clast  lithological  pro- 
A review  of the literature  indicates  that  the  size and 

gram  is  inconsistent. A number  of  studies  report using exact 
counts  ranging  from  25  Werr  and Sibbick, 1992) to 100 
(Saarnisto  and Taipale, 1985)  to  200  (Aumo  and Salonen, 
1986). Other  studies  report  ranges in sample  size  from  29 to 

el al., 1989; Shilts, 1981) and up  to 385 (Alley and Slatt, 
184 (Bouchard and Salonen, 1989) through 100 to 200  (Stea 

small  sample  sizes,  a  minimum  of250  to  300  clasts has been 
1976). To minimize  proportional  errors  associated  with 

recommended by Bridgland (1986) intraditional  studies and 

such large samples,  nomograms can be consulted or  count- 
500 or more  where  rare  lithologies  are  of  interest.  In lieu of 

ing  errors  can  be  calculated (see section  on  Statistics).  Error 
values  for  proportions based on  samples  below 100 clasts 
are so large that  all  attempts  at  interpretation  are  of little 
value. 

Similar  variability  exists in the size  selection  of  clasts. 
Moreover, such information is  not always reported.  In dis- 
persal  fan  studies, the most  common  size used is boulder- 
size  although  smaller  sizes have been  studied (e.g. Bouchard 

ranges  are  2 to 6  centimetres,  6  to  20  centimetres, or over 
and Salonen 1989). In deposit sampling, preferred clast  size 

Nenonen, 1990). However,  various  sand  and  fine  gravel 
20 centimetres  (Saarnisto  and Taipale, 1985, Hirvas and 

listed  above  have  been  examined (cf: Pertunnen, 1991). Fi- 
sizes have also  been used and broader ranges than those 

nally, thin  section  studies  are  sometimes used and these rely 
on grains I to  2  millimetres in size and counts  of SO to 100 

tance, as it can be  shown  that  dispersal  patterns vary con- 
(Hirvas and Nenonen, 1990). Clast  size  is  of  critical impor- 

siderablyinanyonelithologicalstudydependingonthesize 
of  clasts  collected (e.g. Saamisto and Taipale, 1984). Sev- 
eral  implications  of  clast  size  are  discussed below. 

CONTROLLING FACTORS 
Dispersal  curves  and  trains tend to  approach log nor- 

mality in their  frequency  distribution  along  some  linear dis- 
tance, but significant  differences  exist in the  values  of the 
descriptive parameters. In particular, variation in the maxi- 

of  change (decay constant)  and half-distance (Dm). These 
mum abundance  or  concentration, distance oftransport, rate 

differences are the result of  influences  from  a  number of 
factors. 

Properties associated with  the  bedrock source influence 
the  measurable  parameters  of  a  dispersal  train. Outcrop area 

has been proposed by Peltoniemi  (1985)  as  ha\.ing  some 
control  on  down-ice  clast  concentration.  Although Salonen 
(1 992) and Clark  (1 987) have  both  argued  that the influence 
of outcrop  width (area) is  negligible.  Intuitively c ne should 
expect  the  type of lithology to be a  significant  factor in the 
length  of  glacial  transport.  Salonen  (1992)  suggests  that 
mica  schists  and  gabbros  should have short  trarsport dis- 

have longertransportdistances. A  convincing  exanple from 
tances in contrast  to limestones and  quartzites  wh.ch should 

New York is provided by  Holmes (1952) who  dccumented 
total  transport  distances  of 6.4 kilometres  for  sha;e and 130 

thology  have  also  been  demonstrated  by  Hirvas  and 
kilometres for  quartzites. Transport differences due to li- 

Nenonen (1990). Clark  (1987)  believes  that  the  relative 
ranking  of  lithologies from most  resistant  to  least (e.g. crys- 
talline>sandstone>limestone>shale) has merit, but the in- 
fluence  of  lithology  on  dispersal  patterns  remains poorly 
understood in the absence of  more  empirical data. 

cerns the impact  of  jointing and fracturing  on the incorpo- 
Another  observation  regarding the bedrock  s,>urce con- 

rated shape of the rock fragments. For example,  Laitakari 
(1989) believes  that  strongly  jointed bedrock results in an- 
gular  fragments,  whereas  rocks  such  as  granites tend lo be 

ofthe  bedrock source is seen  as  contributing to  the dispersal 
rounded prior to glacial transport. Similarly, the topography 

pattern by influencing basal ice conditions (velocity) which 
affect  the erosive and  depositional  capabilities o f h e  glacier. 
In Gaspt, Qukbec, for  instance,  David  and Bedud (1986) 
observed  greater  erosion  and  longer  transport  distances 

source areas. Although  generally  down played in continen- 
from granite outcrops  of  high relief as  comparcd  to level 

tal ice sheet  discussions, topography plays an extremely im- 
portant  role  in  the  mountainous  regions sv.ch as  the 

which can develop: icefields, valley glaciers,  cirques and 
Cordillera.  Topography controls  the type  of  glacier ice 

variations  of  these in mountainous  terrain.  Equdly  critical 
is  the  influence  of  relief  on  generation  of compressive ver- 
sus extending flow, the net effect  being reduced (deposition) 
versus accelerated (erosion) ice velocity, respect..vely (Sug- 
den and John, 1976). In the  mountainous  terrain  of British 
Columbia, fluctuations  from  compressive  to  extending flow 
are expected to be a  typical  characteristic  along any single 
flow line. 

1972) and grain  size  (Dreimanis and Vagners, 1969) influ- 
Once incorporated  into  the ice,  clast  sha>e (Drak,e 

ence  the  dispersal  pattern. In one study in southern Finland, 
Pertunnen (1991) examined  the  dispersal pattxn of five 
grain  sizes ofgranite  (20-2 cm, 2-6  mm, 6-2 mm. 2-0.6 mm, 
0.6-0.2 mm) and determined  that D1/2 increascs with de- 
creasing  grain size. This  trend  was  confirmed  el'lewhere by 
Saamisto  and Taipale (1984)  using  three  clast si2,es (2-6 cm, 
6-20 cm and  20 cm). More  important  is the obsewation  that 
value  of K is  usually  greater in clast lithology dita as  com- 
pared to  geochemical  data derived from  the  same matrix. 
This  is because particles less than  16  millimetrer and  0.008 
millimetres  are  not easily entrained by ice (Boutton, 1975). 
It follows then,  that  the  silt  to pebble-sized particles are the 
most  easily  transported  fractions. 
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The  most  important  factor  controlling  sediment  disper- 
sal is the  behavior ofthe ice. In this regard, rates  of  erosion, 
entrainment,  transportation and deposition  are  all  a  reflec- 

argues  the  most  important  control  of sediment dispersal  is 
tion of  glacier  ice  conditions (Figure 11-4). Clark  (1987) 

the basal ice  velocity;  where  low  sliding  velocities  can be 
associated with  shorter  dispersal  distances  in  contrast  to 
higher  velocities  which  result in greater  transport  distances. 
Strobel and Faure  (1987)  view the  position  of sediment 
transport in the ice as the  most  important  factor  controlling 
dispersal  patterns. For any ice mass, they propose  that basal 
debris is deposited  quickly  whereas  englacially  transported 
debris  is  transported  much farther. Although not discussed 
in detail,  they imply also  that  supraglacial  debris  would re- 
sult in still  greater  transport  distances. Strobe1 and Faure’s 
conclusions  are  based on their  interpretation  of  Shilts’ 

head portion  undergoes  an  exponential  decrease and the  tail 
(1976) description of  a typical  dispersal  curve where  the 

portion  approximates  a  linear  reduction.  The  transition from 
head to tail in the  curve  is  thought to  reflect the  transition in 
transport  position  in the ice  mass from basal to  englacial. 
The  flat  tail  portion  may  also  indicate  convergent flow, 
streaming or even surging ofthe  ice  (Bouchard and Salonen, 
1989). As most  discussions  of  clast  transport  centre on ice 
sheet behavior, transport in the upper  ice zone (supraglacial) 
is rarely  emphasized, but in  mountainous  terrain,  a  signifi- 
cant  portion of the  debris  transported by the ice is carried in 
the  supraglacial  position  (Dreimanis,  1990).  If  the su- 
praglacially  transported  clasts  are  exogenous in derivation, 
transport  lengths  are  often  considerable  which  contrasts 
with  basally  derived  debris  which  can be transported both 
short  (compressive flow) and long (extending  flow)  dis- 
tances.  Supraglacially  transported  debris  can  prove  advan- 
tageous  for  mineral  prospecting  in  certain  situations as 
illustrated by Stephens et ul. (1983). 

Another implicit  consideration is position  relative  to 
theicedivide.Donner(1989)providesexamplesoficesheet 

DEPOSITION 

INTENSITY  ANOMALIES 
WIDE-SPREAD,  LOW- 

~ 

EROSION 

~~~ 

b TRANSPORTATION 

Figure 11-4. Ternary  plot of glacial  processes  indicating  relation- 

indicator  dispersal  patterns. Modified after Salonen (1989). 
ship  between  erosion,  transportation  and  deposition and effects  on 

flow noting  rates  of  3  metres  per  annum  near  the  ice  divide 

divide.  Since basal velocity in ice sheets  increases  with  dis- 
and 135 metres  per mum about 100 kilometres  from the 

tances  increase  correspondingly. In mountainous  terrain 
tance from  the  ice  divide,  it  is  expected  that  transport  dis- 

ice-flow  rates  are  different and significantly greater. The 
greatest  basal ice velocity  is  expected to occur at the  equi- 

progressively in elevation as individual  glacial  cycles  reach 
librium  line  (Patterson, 1981), the  position  of  which  drops 

their  maxima.  Normal ice velocities as  high as 1.2 metres 
per day have  been  recorded  for  alpine  glaciers  and  these  can 

are important in the  Cordillera, 209 surging  glaciers have 
increase by IO to 100 times during surge  events.  The  latter 

been  recognized  in  western  North  America,  (Patterson, 
1981). 

Several  other  complicating  factor$  that  are difficult to 
empirically  evaluate  also  negatively  affect  sediment disper- 
sal  patterns by lowering  maximum  concentrations and in- 
creasing  values of C, K, M, A and most  importantly D m  

ited to,  increasing  overburden  thickness and redeposition 
(Figures 11- 1 and 2). These  factors  include, but are not lim- 

(Drake, 1983), successive  flow  stages and genetically  com- 
plex stratigraphy. The  latter  factors  are  particularly pmb- 
lematic in the  interior  of  British  Columbia  where  local 
Quaternary stratigraphy and glacial  history is poorly known 
and  is only inferred  from air photograph  interpretation and 
shallow  exposures. 

As  a  product of the  above  factors,  glacial  sediments 
most  likely  to be examined in an indicator-clast  dispersal 
study  often  display  different  transport  distances.  According 
to  Salonen  (1989)  increasing  transport  distances  are  evident 
progressing from hummocky  moraines  to cover  moraines 
(till veneers)  to  drumlins and finally to ground moraines. As 
expected, even greater  tansport  distances  are  observed in 
glaciofluvial  deposits  such as eskers (Vallius, 1989). Aario 
and Peuraniemi  (1992)  examine  a  larger  suite  of  morainic 
landforms  for  their  drift  prospecting  potential.  They  provide 
a  detailed  summary  of  several  controlling  properties and 
conclude  applicability to ore  prospecting is good  for  cover 
(veneer),  Rogen and Sevetti  moraines,  moderate  for ground 
moraine and moderate to bad  for  drumlins,  flutings,  Pulju 
and end moraines. 

STATISTICS 

direction  from  the  source  can be described  mathematically 
The  distribution  of any type of  lithology in a down-ice 

by anegative exponential  curve  (Shilts,  1976). Furthermore, 
thk description assumes  that  the proportions and percent- 
ages  representing  a  lithology  are an accurate  reflection  of 
some  targetpopulation.  Hence,  there  are two statistical  com- 
ponents  that  are  important in clast  lithological analysis: pro- 
portional  distributions and proportional  confidence. Both 
aspects  are briefly discussed below. 

PROPORTIONAL  DISTRIBUTIONS 
Krumbein (1937) showed  that in numerous  sedimen- 

tary situations  the  analytical  elements  under  examination 

(y) tend to increase or decrease  exponentially  relative to an 
conform to  exponential  laws.  That is, dependent  variables 
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arithmetic increase in  the independent variable (x). In  terms 
of a frequency distribution, Krumbein showed that the de- 
bris dispersed by a glacier will show  its highest frequency 
near  the  source  and  then decrease in  abundance  in an expo- 
nential manner in the down-ice direction. He described this 
distribution as follows: 

y = yoe-m 
where: 
yo = frequency o f y  when x is  zero (y intercept) 
e = base ofthe natural logarithm (2.71828) 
a = coefficient of x (particle distribution or transport 
constant) 
x = distance  in kilometres from the source. 
The above curvilinear distribution is  often linearized 

using a natural logarithm transformation of they  variable 
and application of Model 1 least squares regression: 

lny = lny, - ax (Strobel and  Faure 1987). 
Although  never applied, confidence limits about the 

specific regression equation must be determined. The value 

(D1/2) using: 
o f a  can  be  shown to be related to  the transport half-distance 

Din = ln2la 

creases  as a function of decreasing particle size and increas- 
The relationship between D m  and a is critical,as a de- 

ing half-distance values (Salonen, 1992). D I D  is important 
to the mineral explorationist  as  it represents the measure 
which best provides a guide to locating  the provenance dis- 
tance of a particular lithology. Clark (1 987) generalized the 
pattern of dispersal curves  and  the  scale of dispersal by il- 
lustrating that D1/2 increases  in value from local to  conti- 
nental scales (Figure 11-5). A similar generalization can be 
developed  for  glacial  landforms described earlier  where 

Transport  Distance (km) - .) 

Figure 11-5. Transport distance ranges  for  three  scales  (local, 
regional  and  continental) of dispersal  curves.  Adapted  from  Clark 
(1987). 
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glacial  landforms  commonly  sampled for clast-indicator  studies 
Figure 11-6. Schematic  figure  illustratingthe  relationship  between 

and  expected  transport  distances.  Data  from  Aario  and  Peuraniemi 
(1992). 
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Figure  11-7.  Bivariate  relationship  predicting DID fro11 transition 
distance (h) based on data in Strobel and Faure (1987). The 
function is highly  significant with 2 = 0.987 

DID increases  in  value from hummocky  moraine to ground 
moraine (Figure 11-6). 

An ability to estimate Dl12 in  the field would assist ex- 
plorationists in the search  for mineralized bedrock. Strobel 
and  Faure (1987) showed there is a positive correlation be- 
tween the transition distance (exponential to 1inea:transport 
modes on distal decline of dispersal curve)  and th.: half-dis- 
tance. Figure 11-7 is a plot  of their  data  with the variables 
reversed, so that DID can  be estimated from knowledge of 
the trasition distance  using  the equation: 

Paper 1995-2 I! 7 



D m  = -2.58 + 0.367 (T) 
where 
D ~ / z  is  the  half  distance measured in kilometres and 
T is  the transitional distance measured in kilometres. 

PROPORTIONAL CONFIDENCE 

studies represent some characteristic proportion @) out of a 
All values of abundance and frequency  in lithological 

total suite of characteristics (I-p).  The value of p is esti- 
mated (x)  from a sample ofclasts  of size n which is less than 
the total population of clasts N. Although the characteristic 
observed as x/n is a good estimate ofp, counting  errors  exist 
because n<N (Howard, 1993). By definition, the  sampling 
distribution of x is  approximately normal with a mean o f p  
and a standard  deviation of I p(I-p)/n if the  following con- 
ditions are met: n is  greather  than  or  equal  to 30 or np and 
l(I-p) are larger than 5 .  

can be determined from nomographs or calculated using the 
Probable error associated with  the proportional counts 

equation: 
CE + I p(1-p)n, 
where 
CE is  confidence interval about the mean, 
t i s  the value of Student’s t distribution (n-1 degrees of 
freedom and  confidence level a/2), 
p is the observed proportion of a characteristic lithol- 

n is  the  total  number of clasts counted (Howard 1993). 
ogy, and 

CONCLUSIONS AND IMPLICATIONS 

prospecting that  compliments  other  data collected through 
Lithological  analysis  is a successful method of drift 

till geochemical sampling. The method involves  the collec- 

trieved  from a sampling  medium (till) or on the ground 
tion and interpretation of indicator-clast frequency  data re- 

surface. Analysis consistsoftherecognitionofglacial diper- 
sal trains, delimiting  the  boundaries and establishing prove- 
nance source areas. Clasts of any size  and shape can  be used, 
but consistency in both clast size  and shape must be main- 
tained in a sampling  design. Glacial landforms of any type 
can be sampled but again consistency must be maintained 
as  certain  deposits have greater applicability to successful 
drift prospecting. Sample  size  is very important and when 
possible, should consist of at least 250 clasts per sample. 
Samples  sizes consisting of less than  100  clasts  are of no 
utility to  drift studies. Confidence estimates should be as- 
signed to  all  frequency  data regardless of the  sample size. 

A number of factors  are known to control the nature and 
character of glacial  indicator-clast dispersal trains in the 
mountain environment  including  hut  not restricted to bed- 
rock lithology and structure, outcrop area, relief, topogra- 
phy, clast  shape  and  size,  glacier  ice thickness, velocity, 
distance from equilibrium line, style of sediment incorpora- 
tion, transport position and history, redeposition and com- 
plexity of underlying stratigraphy. 

ent from the flat, rolling  terrain  which  is  typically consid- 
Glaciated mountainous  terrain is fundamentally differ- 

ered in  the  evaluation of glacial dispersal under  ice  sheet 
conditions. In  the  Cordillera of western Canada, confined 
valleys, steep gradients, rugged high-relief topography and 
rapidly changing landform deposits  strongly influence the 
expected and observed dispersal patterns of glacially trans- 

insignificant in the continental ice sheet  environment as- 
ported debris. Many ofthe controlling  factors recognized as 

sume a more prominent role in influencing  the  clast disper- 
sal  pattern in the mountain  glacier  environment. Several 
generalizations  concerning  drift  prospecting  in  glaciated 
mountainous terrain  can  be offered, including: 
1. For a typical valley  glacier  the  greatest velocity (least 

put) occurs  at  the  equilibrium line; slower  velocities oc- 
deposition, greatest erosion  and  potential  subglacial in- 

cur  up and down-ice of this position. 
2. Fluctuations  between  compressive  (high velocity) and ex- 

tending  flow  (lowvelocity) are expected  to  be  more  com- 
mon because of the  high relief. 

3. Glacial  debris is  dispersed  farther  down  valleys  than 
across  intevening  highlands  and  the  compositional 
isopleths often mimic the topography. 

4. Supraglacial debris is an important component  in  the sedi- 
ment load of glaciers. 

5. Dispersal trends are usually longer  and  narrower in valley 
situations as compared to  continental  ice sheets. 

6. Ice  streaming,  convergent  and  divergent ice-flow patterns 
are expected to be greater. 

7. Redeposition or dilution (‘inwash’) is  more significant in 
the  alpine  environment  where tributary glaciers contrib- 
ute to  the  main trunk systems. 

8. Glacial landforms  show  considerable variability in  their 
potential utility for  ore  prospecting and certain morainal 

whereas  others  are less common  to  absent  when com- 
deposits  are  more  common  in  mountainous  terrain, 

pared to continental situations. 
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EFFECTIVE  LOW-COST  RECONNAISSANCE DFUFT 
PROSPECTING  IN  AREAS  OF  VARIABLE  TERRAIN: AN 

AREA,  CENTRAL  BRITISH  COLUMBIA 
EXAMPLE  FROM  THE  SOUTH-EAST  TASEKO  LAKES 

By Bruce E. Broster and David H. Huntley 
University of New Brunswick - 

INTRODUCTION In this type ofterrain, conventional sampling programs 
For many, drift prospecting is  the  straightfonvard  col- can  be  time consuming and expensive. However, as a pre- 

lection of samples  at locations defined by a grid drawn at a liminary  study  and with only a rudimentary uncierstanding 
predetermined scale on a base map. This  is rarely a satisfac- of glacigenic processes and up-ice lithologies, it is often 
tory technique  for the delineation of anomalies in  areas of possible to  delineate dispersal patterns and target areas from 

alpine or subalpine glaciation. Such areas are characterized examination ofphysiography, directional landfolms and se- 

by highly variable terrain that is  the product of glaciation lected lithologies. Here we present an example of this low- 
associated  with  growth of individual cirque glaciers and cost  approach  to  drift  prospecting from our field studies 
their coalescence into larger valley glaciers andor complex (1991 and 1992) in  central British Columbia. 
ice sheets. Subsequent dhft deposits may represent deposi- 
tion from a unique ice-stream that  can be traced  for some STUDY AREA 
distance  to a (lithologically)  unique source. More often, the  The  southeast  Taseko  Lakes  area, British Columbia 
deposits  are a mixture  ofmaterial from several contributory (Figure 12-1) is an area of complex  geology  and variable 
glaciers that defy source identification. terrain. Although it has a long history of small-scale placer 
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and  bedrock  gold  production, a systematic regional eco- 
nomic  evaluation ofthe Quaternary  drift  cover  has yet to be 
undertaken.  Previous  reconnaissance  studies of the Quater- 
nary drift  precluded  detailed  investigation  of  sediments  and 
glacial  dispersal  patterns (Tipper,  1971; Heginbottom, 
1972). Recent  investigations  have  focused on glacial proc- 
esses, detailed  stratigraphy,  glacier  dispersal  patterns  and 
glacial geomorphic history  (Broster  and  Huntley,  1992, 

narysedimentsbavenowbeenmappedatascaleof1:50000 
1993; Huntley  and Broster, 1993a, 1993b, 1993~). Quater- 

Huntley, 1992). We emphasize  the  importance  ofthese stud- 
(Huntley, 1994) and  logged in vertical  profiles  (Broster and 

ies  as a basic contribution  to  further  prospecting  within  the 
area.  However,  inexpensive  cursory  dispersal  analysis  as 
described here, can be conducted  within a few  weeks by 
examination  of indicator  clasts  and  physiography as deline- 
ated  by  topographic  maps  andlor  aerial  photographs. 

PHYSIOGRAPHICAND  GEOLOGICSETTING 

in the  study  area  upland  and  plateau  areas,  valleys,  and 
Three  principal  physiographic  elements  are  recognized 

mountains  (Figure 12-2). The  northern  two-thirds  of  the 

tly undulating  plateau  between  920  metres  and 1070 metres 
study  area is dominated by the  Fraser Plateau. This  is a gen- 

elevation,  with  isolated bills rising  above 1800 metres. To 
the  south  are  the  Camelsfoot  and  eastern  Chilcotin  ranges; 

metres elevation  (Figure 12-2). These  regions  are  dissected 
an  alpine  landscape,  with  major  peaks  rising  above  2400 

to a maximum  depth  of  approximately 700 metres by the 
south-flowing  Fraser  River  and  its  tributaries  (Figure  12- 
3a). 

of  the  fault-controlled  Fraser River, Eocene  and  Miocene 
The  bedrock  geology of the  plateau  is complex. West 

mineralized volcanic and sedimentary rocks, with  inliers  of 

Fraser River, Triassic and older metasedimentary, metavol- 
Jurassic granodiorites  dominate  (Figure 12-3b). East  of the 

canic  as  well  as  Permian  limestone  rocks  outcrop  and  are 

basalts. In the Camelsfoot  and  eastern  Cbilcotin  mountain 
overlain  unconformably  by  Miocene  to  Pleistocene  plateau 

ranges, Lower  Cretaceous  clastic  sediments  (Jackass  Moun- 
tain Group)  are  the  dominant rock type  (Figure 12-3b). 

tributary valleys, the Quaternary cover  varies in thickness 
In  alpine  areas, over the plateau, and upper reaches  of 

from 1 metre to  approximately 50 metres. Between 150 and 
300 metres of  Quaternaly  sediments are exposed in vertical 
sections  along the Fraser River valley (Figure 12-2: location 
F), Pre-Wisconsinan fluvial sediments and Early Wisconsi- 
nan  (deglacial)  lacustrine  sediments  (Eyles  and  Clague, 
1991) are preserved, overlying bedrock along  sections ofthe 
Fraser  River and major  tributaries. 

Late  Wisconsinan  Fraser  glaciation  sequences  are 
found in all physiographic  settings. In many valleys, ad- 
vance  stage  glaciolacustrine  sediments  are truncated and 
overlain by basal and  ablation till and lacustrine  sediments. 

bedrock or advance  stage  glaciofluvial  sediments  (Huntley 
In alpine  and  plateau  areas,  Late Wisconsinan till overlies 

and Broster, 1993~). Holocene fluvial, eolian  and  lacustrine 
deposits  are  restricted  to  major  valleys  and  plateau  areas. 

Figure 12-2. Physiographic regions adjacent to the Fraser River 
between  latitudes 51'N (bottom) and 52"N (top): A - Camelsfoot 
Range; B - Marble  Range; C - Chilcotin  Range; D - West Fraser 
P1ateau;E-EastFraserandGreenTimberPlateau; F-areaofthick 
glacial sediments; Gang Ranch - open square; peaks - solid Man- 
gles;  accurate  ground  scales  presented in Figures 12-3 and 4. 

METHOD OF DISPERSAL ANALYSIS 
Erosional glacial landforms,  glacigenic  sediments,  till 

fabrics and indicator  clast  provenances  were  examined  to 
determine  glacial  dispersal  patterns (Figure 12-3a). Addi- 
tional  information  was  provided  by  mapping  palaeochan- 
nels  and  glaciofluvial landforms. These  fluviatile  deposits 
are, in their own right, important  exploration  targets  for po- 
tential  placer  mining  (Levson etal., 1990;  Levson  and Giles, 

portance  and  use  of  clasts in till  for  drift  prospecting. 
1991). However, this report  is  concerned  only  with the im- 

tions of  debris  during  glacier  flow and are distinguished by 
Dispersal  trains  are  formed  by  anomalous  concentra- 

an enriched  fan or ribbon-shaped zone in the  resultant till 
(Dreimanis, 1958; Shilts, 1976; Hicock, 1986;  Coker  and 
DiLabio,  1989;  Puranen,  1990;  Hornibrook et ai., 1992, 
1993;  Balzer  and Broster, 1994). An elongated  down-ice 
dispersal pattern, ortrain(e.g. DiLabio, 1990), is recognized 
by  drawing  concentration  contours  of  distinctive  compo- 
nents ofthe till on a base map. The  source  of  glacial  entrain- 
ment  is  expected to be under, or a short  distance up-ice of, 
the highest  concentration (for examples see Kujansuu  and 
Saarnisto, 1990). The length of !rain  defmed by  this  spatial 
plot is  dependent  upon a number  of factors  related  to  both 
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Figure 12-3. [a) Glacial dispersal patterns. (b) Disbibution of indicator lithologies and sample sites, 

glacier  dynamics  and  bedrock  exposure  (Broster,  1986; 
Hornibrook ef al., 1993; B a l m  and Broster, 1994). 

the  most  economical and accurate  approach  to  defining gla- 
The  examination of till-clast lithology was  considered 

cia1 dispersal  patterns in this  part ofthe  Canadian Cordillera 
because of the following:  studies in subalpine  terrain  with 
variable  physiography  (Hornibrook ef al., 1992,  1993; 
Baker and Broster, 1994)  suggest  clast lithology delineates 
larger  dispersal  trains than matrix  components:  clast  trains 

monly  needed  for  matrix  component trains; and the  only 
can often be defined  by  relatively  fewer  samples than com- 

expense  for  analysis  is the time  required for lithology iden- 
tification,  which  could be done  while  still in the field. 

were plotted on a base map so that  subsequent ground trav- 
erses could be directed to areas  requiring  further informa- 
tion. At ground locations,  glacial  striae  orient,itions were 

paths  were determined by  measuring  orientations of long- 
measured  on bedrock outcrops  and  depositional transport 

axes of 50 prolate  clasts in basal till. 

the  examination  of  source  lithologies  represented by clasts 
Additional  important  dispersal  data were derived from 

in basal till. Approximately 150 till  samples,  rrnging  from 
2 to 5 kilograms each, were collected within t h t :  study area 
at 102 sample  locations (Figure 12-3b). 'The collection  of 
additional  samples  at some sites allowed u.s lo e %amine ver- 
tical  mixing  and  lithological  variability  within %e till. 

DIRECTIONAL  GLACIAL  LANDFORMS  AND 
LITHOLOGIES 

The  samples were dried and passed through a 2-milli- 

Ice-flow  directions  were  initially  detennined by map-  more than 15 millimetres in diameter weee  id(:ntified  and 
metre sieve. From  each sample, a minimum of 100 clasts 

ping drumlins, roches moutonnks and  flutcs observed on grouped according  to lithology. Permian limestones, Juras- 
1: I O  000 and 1: 60 000-scale  air photos. These  directions  sic  granodiorites  and  Cretaceous  clastics  were  selected as 
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Figure 12-4. Dispersal pattern of clast  lithologies in till, for:  (a)  Jurassic  granodiorite and Permian limestone, (b) Jackass  Mountain 
Group  clastic  sediments.  Note  change in glacigenic  directional  indicators  and  paucity ofclast dispersal due to an ice divide at  the  Fraser 
River. 

indicator  lithologies, as published  maps (Tipper, 1978) in- 
dicate  that  these  rock types have known and restricted  geo-  similar  to  ice-flow  patterns  determined  from striae and di- 

Basal till showed  a  preferred  fabric  (clast  alignment) 

graphic   dis t r ibut ion  (Figure  12-3b) .   Percentage rectional landfoms (Figure 12-3a). The till  fabric dataand 
distributions  of  indicators  were  subsequently  plotted on a  &drock  enabled  identification ofsubtle  deviations  in 
base map of the  study  area  (Figure 1 2 4 ,  b). 

detailed  study,  major  ice-flow  patterns  were  clearly  identi- 
local  ice flow. Although  these  data  were  important  for  our 

fiable  by  recognition of directional  glacial  landforms on aer- 

Glaciation  ofthe F m e r  Plateau was typical ofthe proc- During  glaciation,  ice  accumulation  occurred  in  the 

ess  in  mountainous  areas of British  Columbia  (Clague, Camelsfoot  and  eastern  Chilcotin  ranges  (Figure  12-3a). 

1989) and  elsewhere,  involving  formation  of  cirque  glaciers Major  valley  glaciers  from  these  sources  coalesced  with 
and  their  coalescence  into  valley  glaciers  and,  eventually, C a r i b  Mountain  ice  along the  Fraser  River valley. In  the 
large  ice  sheets.  Although  glacier  coalescence  can  produce  northwest  quadrant of the Study area,  drumlins  and  flutes 
comp~ex dispersal  trains  and  interlayered  ground  moraine  indicate  northward  ice  flow  with  crude  radial  dispersal as 

viations  and  limits to individual  glacier  movements  were  periglacial  landforms on peaks in  the  Camelsfoot  and  east- 
(till deposits; cf: Broster and  Dreimanis, 1981), subtle  de-  ice  advanced  over  the  Fraser  Plateau  (Figure 12-3a). Relict 

apparent by careful  examination of glacigenic  indicators. em  Chilcotin ranges  indicate  a  minimum  limit  of  the  Cor- 

RESULTS AND INTERPRETATIONS ial photographs. 

124 Geological Survey Branch 



Broster, 1993a). 
dilleran ice sheet  during  the Fraser glaciation (Huntley and 

Clast  dispersal  patterns support other  ice-flow  data 

pattern  occurs  in  the  northwest  quadrant  where  grano- 
(Figures 12-4a, 4b). For example, a northeastward dispersal 

diorites were  eroded by ice flowing over the western Fraser 
Plateau (Figure 12-4a). Here, a broad dispersal train reflects 

the  eastern Chilcotin Range. 
radiating  flow associated with piedmont glacier lobes from 

In general, there is an apparent concentration ofindica- 
tor lithologies in drift deposited along  valleys and homog- 
enization of drift lithologies in till overlying plateau areas. 
This was recognized both  in replicate sample analysis and 
plots of indicator lithology percentiles. For example, disper- 
sal of clastic  sediment  lithologies reflects lobeshaped con- 
centrations  associated  with  northwest transport of debris 
along major valleys from the Camelsfoot Range in the south 

of the  same lithology that were ice-free during glaciation. 
(Figure 12-4b). Maximum concentrations occur over peaks 

Minimum concentrations  occur in ice-free areas with con- 
trasting geology, and in ice-distal settings along the Fraser 
River. The maximum train observed in this  area is over 50 
kilometres in length and is associated with valley-controlled 
flow along Churn Creek. 

decrease to the north, the limestone content in the eastern 
Unlike the granodiorite and clastic sediment trains that 

part of the  area  diminishes westward, to become rare  or ab- 

of Permian limestone indicates westerly transport over the 
sent at the FraserRiver(Figure 12-4a). The dispersal pattern 

Fraser valley (Figure 12-4a). Together, the disparsal patterns 
eastern plateau and along tributary valleys  draining  to the 

of limestone and clastic  sediments indicate that a major ice 
divide occurred along the Fraser River valley in this area. 

CONCLUDING REMARKS 

examination of glacial dispersal patterns in the southeast 
Our research provides the first attempt at systematic 

Taseko Lakes  area  and provides essential baseline data  for 
subsequent mineral exploration. Here, ice flow and sedi- 
mentation occurred  in alpine and plateau terrains with com- 
plex  geology.  Consequently,  the  area is a challenging 
environment  for conventional methods of drift prospecting. 

However, the combination of landform and sediment 
mapping with clast  fabric  and lithological analyses provides 
an effective low-cost method of regional exploration.  This 
approach to preliminary drift prospecting involved: 

Identification of directional landforms from analysis of 

Identification of indicator lithologies for assessment of 

Ground reconnaissance to  collect  samples and on-site di- 

Identification ofpatterns and limits to spatial distribution 

From these  data  we  conclude  that more detailed pros- 
pecting  surveys in this  area must consider  the effects of 
greater mixing of drift during deposition on plateau areas, 
contrary to the concentration of distinctive up-ice sources 

aerial photographs. 

spatial  distribution of clasts. 

rectional data  (striae and till fabrics). 

of indicator lithologies. 

relative lack of transport across the Feaser Rivee valley We 
in drift along valleys, and the separation of ice bodies and 

huther believe that this approach can he applied success- 
fully in other regions of variable terrain and  complex geol- 
ogy. 
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THE USE OF THE CHARACTERISTICS OF GOLD FCIR 

WITH  AN EXAMPLE FROM THE KOOTENAY DISTFUCT, 
SOUTHEASTERN  BRITISH  COLUMBIA 

EXPLORATION IN GLACIATED  MOUNTAINOUS AREtAS, 

By John Knight, Geological Consultant "_ 
INTRODUCTION exploration process. This study illustrates how the charac- 

Many exploration programs have been conducted in the 
Kootenay district of southeastern British Columbia (Figure duce the interpretive uncertainty, 
13-11 since  the  discoverv of ulacer  eold in the 1870s. 

teristics of a limited number of gold particles  ~.ecovered 
from heavy mineral sampling  programs  can he used to re- 

Figure 13-1. Sample locations 
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conditions of formation (Morrison el al., 1991). Weathering 

ronment, weathering and erosion alter both the chemistry 
liberates gold particles from the lode. In the surficial envi- 

are removed from the surface of gold particles to form a thin 
and morphology of the particles. Mercury, copper and silver 

and McTaggart, 1990; Knight el al., 1994). The  core pre- 
(up to  20  pm)  coat or rim of pure gold around a core  (Knight 

serves the original or bedrock  source composition of the 
gold (Knight  and McTaggart, 1986, 1989, 1990, Knight el 
al., 1993, Nelson et 01.. 1990). In  the fluvial environment, 
hydraulic reworking of sediment  causes gold particles to 
become flatter  and  rounder with time. Under certain condi- 
tions  the increase in  flatness and roundness can be related 
to distance of (ransport (Heeail el a/., 1989; Knight ef al., 
1994). The chemical and physical characteristics of gold 

the gold and  make an estimate ofthe distance of transport 
can, therefore, be used to  fingerprint the bedrock  source of 

in the fluvial environment. 

METHODS 
The  samples used in this study consist ofgold recovered 

from a regional heavy mineral sampling program, and, for 
upper Moyie and Gold creeks (Figure 13-l), samples which 
were specifically collected for a study of the characteristics 

of gold. The  objective, in  both  cases,  was  to  locate  the 
source(s) of gold found  in  the  creeks. 

Only an outline of the data  collection procedure is  given 

(1986, 1989, 1990) and  Knight el al. (1994). Gold particles 
in this paper. For more details see  Knight  and McTaggart 

particles  were  greater  than 0.2 millimetre, were sorted into 
were sized, and  for  samples  in  which  the majority of the 

flatness  and  roundness  categories.  The  flatness  was esti- 
mated by visual inspection and  the  roundness by compari- 

mounted in plastic with  their  long axes perpendicular  to  the 
son  to a standard chart.  The  particles in the  sample  were 

sample mount surface in order  to  consistently  expose  the 
short - intermediate axis  plane  when  the  mount  is polished 
(Douma  and Knight, 1993). This procedure ensures that the 
measurements made of the  rim  features  accurately  reflect 
the rim characteristics and  are  consistent  between  samples. 
Inclusions and  the internal structure  were studied using a 
reflected light microscope. Each particle was  then analyzed 
by electron microprobe  for  gold [detection limit @.L.) = 

wt%), and mercury (D.L. = 0.065 wt%). The detection limit 
,019 wt%], silver (D.L. = ,013 wt%), copper (D.L. = 0.025 

is calculated using three  standard  deviations of the back- 
ground. Data  are displayed as fineness versus mercury  plots 
(Figure 13-2), where  fineness=1000 x (Au/(Au+Ag). 
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Figure 13-2. Scaner  plots  of  fineness versus wt% mercury  for  the  samples in Figure 13-1. Detection limit for mercury  is 0.065 Wph. 
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GEOLOGY 
The  area  to  the  west  of  the  Rocky  Mountain Trench is 

underlain by limestone,  quartzite,  dolomite  and  sandstone 
of the  Proterozoic  Purcell  Supergroup  (Kitchener-Siyeh, 
Creston, Aldridge  and  Fort  Steele  formations; HLIy, 1989b). 
Proterozoic  Moyie  intrusions,  which  comprise  sills  and 
dikes  of  basaltic  composition,  intrude the Purcell Super- 

Moyie River, andesites  and  basalt lava  flows of the Nicol 
group rocks. In the area  enclosed within the bend of the 

Creek  Formation  are interbedded with  the  sediments.  At the 
western edge  of  the study area, Purcell rocks are intruded 
by Mesozoic (post-Triassic) granites  and  granodiorites 
(Leech, 1958; Reesor, 1956,1981; H6y, 1984,1989a;Rice, 

include  limestones,  quartzites,  dolomites and siltstones of 
1941). East of the  Rocky  Mountain Trench the major units 

the Precambrian Fairholme, Gateway and Roosville groups. 

veins hosted by Purcell  Supergroup rocks. The David occur- 
Known gold mineralization  occurs  as  gold-silva  quartz 

rence  (MINFILE  082F 092), for  example,  is a gold-quartz 
vein hosted by a northeast-striking shear zone. Sulphides 
such  as  galena,  pyrite  and  chalcopyrite  are often significant 

is  unknown.  The  Sullivan  deposit  and  similar  stratiform 
accessory  minerals in the veins. The  age  of mineralization 

veins  carrying  galena and silver minerals (including tetra- 
massive sulphide  deposits  are found to  the north. Quartz 

hedrite and native silver) are  also scattered houghout the 
area. 

RESULTS AND DISCUSSION 

SAMPLE MORPHOLOGY 
The distance of transport of  the  placer gold can be es- 

timated  by  using the curves  of Knight et al. (1994) which 
relate the  average  flatness,  roundness, rim thickness  and 
percentage  of the particle  which  is  rimmed, to the average 
distanceoftransport(Figure 13-3).Estimatesofthedistance 
oftransport  could  only be made from Gold  Creek and upper 
Moyie River samples, as only  these  samples had a sufficient 
number of particles in the required size range (0.2 to 1.5 
mm). Results for the Gold  Creek  area  are  shown in Table 

most reliable  indicator of  the distance of transpcrt it is these 
13-1. As Knight et al. (1994) concluded that  flatness is the 

values  that  are  taken to represent  the transport (distance for 
Gold  Creek gold. Rim characteristics  are strcwgly influ- 
enced  by the immediate  past history of the gold yrticle and 
are therefore a less  reliable indicator. Specifically, the rim 
characteristics  are  thought to  more accurately  reflect the 
time  since the last  active  alluvial  transport dufng the for- 
mation of the  host  gravels of probable  Holocenc age, abra- 

rim,  rather than  the  distance of transpat (Knight el al., 
sion of the gold and  consequent  preferential removal of the 

1994). 

smearing of the gold at  the  edges ofthe particles, is consid- 
The presence of numerous  indentations and, in section, 
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Figure 13-3. The  relationship  between  gold pt ic le  flatness and 

triangle  represents a sample  containing  some  gold ~ h i c h  origi- 
distance of transport from the  lode  source for the  Klcndike.  The 

nated in the White Channel gravel paleoplacer (Knight et ut.. 
1994). 

CHARACTERISTICS OF GOLD PARTICLES AS DETERMINED BY REFLECTED  LIGHT  MICROSCOPY AND 
TABLE 13-1 

THE  RESULTING  PREDICTION  OF  DISTANCE  TO  SOURCE 
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Rlm 

Davld 

ThlCU"lR* 

82 
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ND ND 14 45.2 
90 0.2 
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0.0 0.w 4.0 0.5 0.0 
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0.0 
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British Columbia 

ered  to  support this conclusion.  A  similar  situation  exists in 
the  Cassiar  area  where  the gold is associated with gravels 
formed  during  the last deglaciation of the area  (Nelson et 

estimate  of  short  distances  of transport ( 4 0  km, Knight et 
al., 1990). Higher  roundness values are more  suited  to  an 

al., 1994). Large errors associated  with  estimates of longer 
distances based on  roundness  are  thought  to be, at  least in 
part,  responsible  for  the  discrepancy  between  the  estimates 
of distance based on  roundness  and  flatness. A final  com- 
plication in this study  is  the  relatively  small  number of par- 
ticles in each sample. 

The gold from  the  David  (MINFILE 82G 092) bedrock 
occurrence (sample 92) has a significant  primary  flatness 
possibly related  to  its  origin in a shear zone. The  curves  of 
Knight ef 01. (1 994) are based on gold in the bedrock source 
which had a near  spheroidal or equant  shape.  This primary 
flatness  accounts for the  distance of 4 kilometres  to  the 
source  predicted €or this  sample  rather  than the expected 0 
kilometres. Despite  these  complications,  the  flatness of  gold 
from  Gold  Creek  indicates a minimum  transport  distance 
of 30 to 35 kilometres  from  the  projected  lode  source. 

§AMPLE  COMPOSITION 

concentration  with  increased  fineness.  The  data  fall  within 
The  copper  content is low  and  shows  an  increase in 

the range  reported by Knight et al. (1 994) and Knight and 
McTaggart (1990) as  representing  the  expected normal in- 
crease in copper  content  with increased fineness  for  lode 
deposits. Except for the pure gold (fineness = 1000) particles 
with no  copper or mercury (see below), all  particles  recov- 
ered are  considered  to be weathered  from a bedrock source. 
The  chemical  compositions  ofthe patticles, as illustrated  by 
the plots in Figure 13-2, are therefore a chemical  signature 
of  the bedrock source. 

The  most  striking  feature of the data  is  the fact that, 
despite the regionalglaciation(Clague, 1975), gold particles 

cal  signature (Figures 13-1 and 2; Table 13-2). Therefore, 
in creeks  separated by major divides  have a distinct chemi- 

to those parts of a drainage  with a well  defined  watershed, 
as  dispersion of the gold from  the  lode  source  was confined 

the dominant source for  the  placer gold lies  within the drain- 
age basin of that  stream. 

The gold compositions in this  area  are unusual for Brit- 
ish Columbia in that they report a consistently high p 9 0 0 )  

GENERALIZED  CHARACTERISTICS  OF  GOLD  FOR 
TABLE 13-2 

EACH  CREEK 

Drainage Number of Fineness Hg 
Particles 

M O W  92 
Gold  121 

929 Below  detection  iimit. 

UpperGald  26 
910 Below  detection  limit. 

Lower Gold 95 906 Below  delection  limit. 
922 Below  detection  limit. 

PEW 13 
Hellroaring 

950 Below  detection  iimit. 
13 

Hellroaring 
895 

12 
0.080 

WHdhorSe 58 
930 0.070 
885 0.065 

Goal  22 821 0.060 

' One panicle at 478 line not used In the average. 

*+* Around detection limll. 

... 
Around deledion Ilml, SigniliCant numberof lwo phase  pallicies 

fineness.  High  fineness  values  are reported from  other gold 
producing  areas of Canada  with  Precambrian  hostrocks 
(GuindonandNichol, 1982).BasedontheworkofMorrison 
et al. (1 991) these  fineness  values  are  most  compatible  with 
slate belt, Archean  age  and plutonic-hosted deposits.  The 

zones  of low  fineness  (<800fine)  within  the gold particles. 
gold is  also  unusual because of  the  common  occurrence of 

These  zones  vary in shape  from  irregular  to vein-like. Their 
presence implies  that the gold  composition in the source 

from gold in the  fluvial  environment will showa wider vari- 
lodes  varied  over  time. Further, it  suggests  that  the  signature 

ation than if the  lode had a restricted  composition  range. 
This  common  heterogeneity  also  suggests  that  larger  sam- 
ples  may  be  needed to resolve  some of the  uncertainties in 
the  data  presented in this paper. 

age  fineness (avg.) = 929, Hg  detection  limit, (D.L.)] reflect 
The  Moyie  placers  [sample  numbers 90 and 91, Aver- 

the  composition of the  David  lode  source (92, avg. = 933, 
Hg D.L.). Distance to the  lode  source of the gold in sample 
90 is predicted to  be 6 kilometres,  suggesting  that  the  David 
showing (92) or an area a few  kilometres  upstream may be 
the source. An estimated  distance to source  of  18  kilometres 
for  the  sample 91 is in agreement  with  this  conclusion. Al- 

phology, the  possibility  of a source  farther  up  the  Moyie 
though the  lode  source  may  have gold with a flattened  mor- 

River  cannot be ruled  out (see Figure 13-2, Tables 13-2 and 
3). It  is  significant  that  the  single  particle  recovered  from 

of  the  David showing. 
sample 21 1 (Figures 13-1 and 2) predicts  the  characteristics 

Some  of  the  gold  particles in the  Gold  Creek  samples 
have a fineness  near 1000, with  no  copper or mercury pre- 
sent. Based on the work  of  Knight  and  McTaggart (1990), 
this  composition  indicates  that  the  original  particle has been 
completely  transformed  to rim composition by the  removal 
of silver, copper  and mercury. These  particles  and the five 
particles  with  significant  mercury are  removed  from  the 

RESULTS OF THE  MICROPROBE  ANALYSIS  OF  GOLD 
TABLE 13-3 

PARTICLES.  THE  DETECTION  LIMIT  FOR  MERCURY IS 
0.065 WT% AND FOR  COPPER IS 0,025 WT% 

A D  
B 

e. 0 
0 

c 

- 
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compilation ofthe averages  given  in Tables 13-2 and 3. The 
complete  data  set is presented in  Figure 13-2. 

Hg D.L.) are similar  in  composition to the Moyie  samples 
The upper Gold  Creek  samples  (84 and 88, avg. 922, 

suggesting  that  they  have a similar  source  in  the  upper 
Moyie drainage. Conversely, the lower Gold Creek samples 
(85,86,87, avg. 906.0, Hg D.L.) have a lower fineness than 
both the Moyie  and upper Gold  Creek samples (see Figure 
13-2; Tables 13-2 and  3).  The  following discusses potential 

positional differences between the gold from the upper and 
sources of the gold and  possible  explanations  for  the com- 

lower Gold Creek samples. 

Creek  samples  may have been transported from the Wild- 
A significant proportion of the gold in  the lower Gold 

horse Creek  area (89, avg. = 885, Hg = ,065)  to the lower 
Gold Creek area  by glaciation. Topographically this  seems 
reasonable. For the Wildhorse area, the flatness of the gold 
in sample089 suggests that  it has been transported ahout  24 
kilometres, which  is  in  keeping with a lode  source up Wild- 
horse Creek in  the  area of the known gold-bearing lodes (see 
Figure 13-1; Table 13-1).  The limited variation in composi- 
tion supports this conclusion. For the gold from Wildhorse 
Creek  to  reach lower Gold Creek, it must cross  the  Rocky 

manis  (1981) concluded that during the last glaciation the 
Mountain Trench. Clague (1975), and  Broster and Drei- 

of the Rocky Mountain Trench as  the tributary source. In 
debris from tributary glaciers  was confined to the  same  side 

addition,  the  topography of the Gold  Creek - Columbia 
River watershed suggests that gold from the Wildhorse side 
of the Columbia valley would not he added to Gold Creek 
by postglacial fluvial reworking of the glacial debris. It is 
therefore unlikely that gold from the Wildhorse watershed 
reached the lower Gold Creek drainage. 

Undiscovered or unsampled sources contributed gold 
of a lower fineness to  lower Gold Creek. The  data in Figure 
13-2 and  the  change  in composition at Bloom Creek suggest 
that a source in the Bloom - Caven drainage is possible. The 
average  distance-of-transport  estimates from Table 13-1 
provide part of the answer. Accepted transpofl-distance es- 
timates, based on the flatness of the particles, of 30 to 35 
kilometres, are less than the expected 45  to  65 kilometres, 

the gold. In addition, the predicted distances  are  quite simi- 
if the David area or upper Moyie drainage  is  the source of 

tance  between  the  samples  at  the head and mouth of Gold 
lar to  one  another and do not reflect the 20-kilometre dis- 

ference, it is felt that a more significant cause has to  do with 
Creek. Although a second source may account  for  the dif- 

the  mechanism  of  transport.  Material  which is  moved 
englacially can  be transported long distances without being 
deformed (Strohel and Faure, 1987). Gold from lode sources 
in the the upper Moyie and Perry - Hellroaring Creek areas 
were transported alluvially  and glacially down their respec- 
tive valleys. Once  the  transporting glaciers left the tributary 
valleys  and merged with  the  main  Rocky Mountain glacier, 
the  debris  were transported englacially rather than basally. 
This  process  would  limit  the deformation of the gold parti- 
cles. The  30  to 35-kilometre distance of transport given in 
Table 1 would then represent the distance of transport from 
the source to the point at which englacial transport com- 

menced. It  is implied in this argument that preglscial placer 
or placers existed up to  30  to  35 kilometres from the lode 
source.  Rims form  slowly  in  the  surficial environment, 
therefore, the presence in the Gold Creek  samplm of parti- 
cles  of the order of 50 microns in thickness wiC1 the com- 
position of rims (inferred rim  thickness of the order of 25 
m)  supports  the conclusion that  at least some of the gold 
weathered in a preglacial environment. If the Dsvid  area  is 
considered the likely lode source, 30 to 35 kilometres of 
transport would place the maximum  distance of placer de- 
velopment  in  the  area  where  the  Moyie  River changed slope 

This is a reasonable location to propose a limit of placer 
as it let? the mountains to  enter the Rocky  Mountsin Trench. 

Moyie and Gold Creek sample supports the idca that the 
formation. Finally, the  presence  oftwo-phase parlicles in the 

upper Moyie is the  source of Gold River gold. 

upper  and  lower Gold Creek gold would result from each of 
Differences  between  the  average composilion of the 

these  areas being dominated by different engla:ial debris 
trains. Clague (1975) invoked a similar mecban'ism to ex- 
plain the distribution of mafic pebbles from thc St. Mary 
watershed and the distribution (from a more general source) 
of garnet and staurolite in the coalesced ice d e e t  which 
filled the Rocky Mountain Trench. Distribution patterns, de- 
fined by Clague for mafic pebbles from the St. Mary River 
watershed, support the idea that the gold from above the 
Perry - Hellroaring  area  would dominate in lower Gold 

also  suggest that  the  change in ice direction rcported by 
Creek around the Bloom - Caven Creek confluence. His data 

Broster and Dreimanis (1981)  along  the Moyie %ver near 
Moyie  Lake would not  affect  this  conclusion.  There is, 
therefore, no need to predict a nearby source of gold in the 
Bloom - Caven  Creek  drainage  in  order  to lower t:le average 
distance oftransport  and fineness for  the gold in I.,wer Gold 
Creek. The larger spread in the  data  for the samplcs  in lower 

he  taken  as  evidence  to support the argument of !iome mix- 
Gold Creek as compared to  upper  Moyie (Figure 13-2) can 

ing of sources. 

and 2, avg. = 950, Hg D.L) and Hellroaring Creek samples 
The Perry Creek samples (205 and  206 in Fi:!ures 13-1 

(207,208,209, avg. = 930, Hg 0.07) have a diffe3,ent signa- 
ture to Moyie River (avg. = 929, Hg D.L.) and to one an- 
other (Figure 13-2; Tables 13-2 and 3) indicatini; that each 
creek  has a unique source. However some similarities in the 
signatures suggest  that the sources might be related. The 
tight clustering of points forming the signatures also sug- 
gests  that  either  the  samples are near  source or that  the 

occurrences inthe vicinity suggestthat the sample's are close 
source  has a limited composition range (or both). Mineral 

to source. It is concluded that the gold in each ol'the upper 
Moyie, Perry and Hellroaring watersheds has been eroded 
from a different  source, of  which the David occurrence 
(sample 92) is but  one example. Similarities in composition 

Perry and Hellroaring creeks  could have contributed gold to 
suggest a genetic link between the sources. It is possible that 

Gold Creek, but it is expected that if these  creek$: had been 
major  contributors,  then  the  distance  estimate would be 
larger and the average  fineness higher than reported. The 
limited dispersion of glacially transported debris also sug- 

Paper 1995-2 I31 



gests that gold from  Hellroaring  and Perry creeks  is  to the 
east of Gold Creek. 

distinctly  different  from  the  other  creeks.  Because  the num- 
The  Goat  Creek  signature (avg. = 821, Hg .<D.L.) is 

ber of  particles in each  sample  is  small and the  size of the 
particles  is  also  small,  it  is  not possible to  subdivide  the  area 
based on gold characteristics. As no samples  were  available 

clear if the lode  source  is above  this location. The  source 
from above the  Kianuko - Goat  Creek  confluence,  it  is  not 

may  lie  anywhere  within the Goat  Creek watershed. Sam- 
ples 215  and  210  suggest  that  the  most  probable  location  is 
on the west side of the  Cooper  Lake - Richmond  Lake seg- 
ment  of  the  divide.  Gold  with  a  fineness  of 861 has  been 
reported from  Lavola  Creek  (Holland, 1950); ifverified,  this 
conclusion  would  change slightly. The  Goat  Creek source 
does  not  seem  to  be  represented in the  samples  from  rivers 
flowing to the  east  of  the divide. 

The  predicted  location  for  the  lode  sources  for  Goat, 
Perry and  Hellroaring  Creek gold all lie in the  same  area;  it 
would be natural  to  propose  a  genetic  connection.  Skryabin 
(1978)  has  shown,  for  one  area  of  eastern  Russia,  that gra- 
nitic bodies involved in mineralization  are  outlined by con- 
touring  the  fineness  of gold from  placers  and  their  quartz 

the  intrusion. Although  the  data from  this study are incom- 
vein sources. In  these  examples, fineness  decreases  towards 

plete,  the  inferred  location ofthe  900 fineness  contour  (Fig- 
ure  13-1)  suggests  that  the  Mesozoic  granitic  and 
granodioritic  plutons  to  the  west,  and  the  small  intrusions 
near Hellroaring  Creek  provide  a  genetic  link  between  the 
lode  sources  in  this  area  and the variation in gold fineness. 
The  implication of this  conclusion  is  that the mineralization 

the  plutonic  type  deposits  of  Morrison et al., (1991). 
is  ofplutonic  origin.  The  fineness  range is in agreement with 

The  Moyie-Lamb  sample (197, 199,203,211, 198) is 
too  small  for  a  definite  statement to be  made  about the origin 
ofthe gold. Variation in ice-flow  directionnear  Moyie  Lake 
(Broster  and  Dreimanis, 1981) complicates  the interpreta- 
tion. The possibility (based on topography)  that the Moyie 
River near Moyie  Lake  has  changed  direction  as  a result of 

tion  range is  consistent with  other samples from the area, 
a  drainage reversal  is  an added  complication. The composi- 

but the  average  is  considerably  lower  (Figure 13-2; Table 
13-3). Four  of  the  six  particles  are  less than 900  fineness, 
and the  two  particles  exceeding  900  fineness  are  from sam- 
ple 197, about  9  kilometres  below  sample  9 1 and  6 kilome- 
tres  above  sample 21 1. Gold  particles in samples  197  and 
2 11 probably  come  from  a David-type source in the  upper 

possible sources  forthe particles less than 900 fine. The gold 
Moyie  area.  There  are, from the data  at hand, at least two 

may  have  come  from  the  Goat-Moyie  divide. Alternatively, 
there  is the possibility  of  a source on the  Gold  Creek - lower 
Moyie  divide in the vicinity of  Mount  Joseph and Mount 
Connell (Figure 13-1) which, if true,  could  account  for the 

mineralization  near  Moyie Lake, such as the Midway  and 
differences  seen in the  Gold  Creek samples. Gold-bearing 

cover in the  vicinity  of  Cranbrook,  the  variation in transport 
St.  Eugene  deposits,  are  also possible sources.  The  thick till 

direction  of the glaciers in this  area,  the possibility of  drain- 
age  reversal  and  the  small  number  of  particles  for  the 

Moyie-Lamb  area  make  further  discussion  about  the  source 
of the particles  and  the  possibility of  undiscovered  sources 
in this  area  speculative. 

CONCLUSIONS 

the study has  a  unique signature suggesting  that  the  source 
Gold in the  upper segments of  each  major  drainage in 

of the gold in each  creek lies within  its  drainage basin. Gla- 
cial  dispersion  of  the  gold in the  upper  segments  of  the 
creeks  was  controlled  by topography. 

The  most  likely  source  for  most  of  the gold in the  dis- 
trict  lies in an area of approximately  20  kilometres  radius 
centred  on  Richmond  Lake  (Figure 13-1). The  David gold- 
quartz  vein  occurrence  exemplifies the type of source  to be 

the  similar  compositions,  for  the  other  placer  deposits in this 
expected  for  the  Moyie  placer  gold  and  perhaps, based on 

area.  The  evidence  to  date  suggests a Mesozoic  plutonic 
affinity for  the gold sources.  The  second  phases present in 
most  samples  support  the  idea  of  a  relationship  between  the 
lode  sources  and  the  evolution ofthe lode  source  with time. 
Not  all the lode gold sources  for  the  placers in the  area have 
been  discovered. 

The  gold in the Wildhorse Creek  has  its  source  within 
that  watershed.  Gold  from  this  creek  is  not  thought  to have 
contributed  to  Gold  Creek.  However,  the  composition  range 
and presence of second  phases  suggest  that the lodes  may 
be  genetically  related to  those in the  Moyie  watershed.  Gold 
in the Gold  Creek  drainage basin is  thought  to  have  come 
from  the upper Moyie  and  Perry - Hellroaring  Creek  areas. 
The  David  occurrence  is  one  source  for  this gold. The gold 
was  probably  transported,  in  part,  englacially  into  the  Gold 
Creek  area.  This  mode  of  transport  explains  both  the simi- 
larity in the  distance of transport  predictions  for  all  the  sam- 
ples and the consistently  low  distance  to  source  predictions 
based onthe morphology. The  downstream  variance in com- 
position is thought  to  be  caused by different  debris  trains 

Creek. A study of the characteristics  of  gold,  even in the 
supplying  gold  from different sources  to  parts  of  Gold 

programs, can provide  data  which  are  useful in the search 
small  quantities  recovered  from  heavy  mineral  sampling 

for  lode deposits. 
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SAMPLE REII'RESENTIVITY AND GOLD 
DETERMINATION  IN  SOILS AT THE FISH LAME 

PROPERTY,  BRITISH  COLUMBIA 

T.A. Delaney, B.C. Geological Survey Branch  and 
W.K. Fletcher, University of British Columbia "- 

INTRODUCTION 
The particulate nature of gold often causes difficulties 

in  obtaining  representative  samples  for exploration (Clifton 
ef al., 1969: Harris, 1982: Nichol ef al., 1987). Although 
increasing sample size  can resolve many of these problems, 
the size of sample that can be analyzed efficiently is often 

the use of the bulk leach extractable gold technique has al- 
limited (for example, to  30  grams  for fire assays). Recently, 

lowed larger samples to be processed. This technique uses 
cyanide to  leach gold from bulk ( 5  to 10 kg) soil and stream 
sediment samples. The  cyanide solution is then analyzed for 
gold, often  following concentration of the gold by solvent 
extraction. Cyanidation  is apartial extraction technique  de- 
pendent upon the accessibility of gold to the cyanide solu- 
tion. Moreover, solution ofgold by cyanide may he inhibited 
by certain  components ofthe sample, such  as organic matter 
and  sulphides (Hedley and Tabaclmick, 1968). 

Elsewhere, we compared the size distribution of gold 
in C-horizons (Dclaney, 1993: Delaney and Fletcher, 1993) 
and results of cyanidation (Delaney and Fletcher, in prepa- 

America. For one of these areas, Fish Lake, British Colum- 
ration) for  six different areas ofgold mineralization in North 

bia, we present the size distribution of gold in B-horizons 
and one A-horizon, and the  results of cyanidation analysis. 

PROPERTY DESCRIPTION, GEOLOGY 
AND PHYSIOGRAPHY 

Fish  Lake  is a porphyry copper-gold deposit located 
128 kilometres south-southwest of Williams Lake, British 
Columbia, in the subalpine  area  east ofthe Coast Mountains 
(Figure14-1).AccesstotheareaisviatheBellaCoolaHigh- 
way (Highway 20) from Williams Lake,  west  to Hanceville, 
then  southeast  about  90 kilometres. The  deposit  is located 
approximately 800 metres north of Fish Lake. 

The Fish Lake  deposit is in the Tyaughton Trough, a 
narrow, northeast-trending subsidence basin which was ac- 
tive from the mid-Jurassic to mid-Cretaceous (Jeletzky and 
Tipper, 1968). The  area  is underlain by marine sediments 

posed along a north-south window, 3 kilometres wide  and 
and volcanic rocks of the Kingsvale Group which are ex- 

20 kilometres long, in  the  overlying Miocene plateau ba- 
salts. The deposit, which is roughly 900 metres in diameter, 
is centred on a calcalkalic intrusive complex underlain and 
flanked hy andesitic tuffs and debris flows (D. Piroshco, 
personal  communication, 1992).  Crosscutting,  coarse- 
grained  quartz  diorite porphyry and quartz feldspar por- 

phyry dikes predate mineralization, but constitute only a 
small portion ofthe deposit. Approximately 60%c'fthemin- 
eralization is hosted in the tuffs and debris flows. 

During  the  Late  Wisconsinan,  glacier ice advanced 
from the southwest and dcposited 1 to 2 metres of glacial 
till over the property. Soils developed on these glacial de- 
posits, or on subcrop, are primarily orthic dystric xunisols, 

with more organic matter, and orthic grey luvisol!: have de- 
although orthic humo-ferric  podzols  are  present in areas 

veloped where  the  soils are poorly drained. 

SAMPLE COLLECTION, PREPARMION 
AND ANALYSIS 

B-horizon  survey  for gold,  and  were located ; p e r a l l y  
Sample  sites  were selected on the basis of a previous 

within  10  metres of earlier sample sites. Five  pits were dug 
near anomalous gold concentrations and two in background 
areas. Ten to fifteen kilogram samples of A and B-horizon 
soils were collected from each site. Splits of the field sam- 
ples (approximately 2.5 kg each) were wet sieved to four 
size fractions (-2000 +212pm,  -212+106pm, -lO6+53pm 
and -53pm). Material from the three finest fractions was 
then split into 30-gram and 200-gram analytical suhsam- 

Figure 14-1. Location of Fish Lake property, British  Columbia. 
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ples. The 30-gram subsample  was analyzed, unground, for 
gold using  cyanide - atomic absorption spectrometry (CN- 
AAS). The 200-gram split was pulverized to approximately 
74 microns  (200  mesh  ASTM)  in a steel  ring mill. A 30- 
gram subsample of the ground material was analyzed for 
gold by fire assay - atomic  absorption spectrometry (FA- 
AAS). AI1 analyses  were  conducted by Chemex  Labs  in 
North Vancouver, British Columbia. The cyanidation tech- 
nique used is described in Delaney and Fletcher (in  prepa- 

analyses of approximately 10% of the samples, was gener- 
ration).  Analytical  precision,  estimated  using  duplicate 

ally better than 20%. 

RESULTS 
On average,  more  than  42% of the A and B-horizon 

material  resides in  the -53-micron fraction (Table 14-1). 
Gold concentrations determined by FA-AAS are listed in 
Table 14-2. Samples  representing background sites have 
gold concentrations below the 5 ppb detection limit. How- 
ever, samples 32-106, 32-107 and 36-125, collected from 

below  the  detection limit. Gold concentrations in the re- 
sites anomalous in gold, also have analytical results at or 

maining B-horizons range from 5 to 2320 ppb, with  values 
distributed erratically across size fractions. For example, 
sample 33-110 has  its highest gold concentration in the - 
212+106micronfraction,whereassamples32-106,32-102, 
35-118 and 37-128 have their highest gold concentrations 
in  the - 106-1-53 micron fraction. The  single Ae-horizon sam- 
pled (32-105) has  its  highest  gold content in the -212t106 
micron fraction. The proportion of gold contributed by each 

2)and  sample  weights (Table 14-I),  is  shown  inFigure 14-2. 
size fraction, calculated from gold concentrations (Table 14- 

in  the -53 micron fraction, although  samples 31-102, 32- 
Generally, more than 58% of the total gold content resides 

106,35-118  and 37-128 also have high proportions of gold 
in the -106t53 micron fraction. 

GRAIN  SIZE  DISTRIBUTION, IN WEIGHT  PERCENT, OF 
TABLE  14-1 

THE -2000pm FRACTION  OF A AND  B-HORIZON  SOILS 

SaDlele Numbor Ibizan Size Fraction (urn) 
JJ 

31-102 B 

m 2 1 2  -212t106 -106+53 

43.73 10.46 12.26  33.54 

32-105 Ae 
32-106 

32.01  11.19 12.40 44.40 
32-107 

Bt 
Bt 

32.95  11.89 10.12 45.03 
28.08  9.24  7.54  55.13 

33-110 B 52.33  8.99  8.5'4  29.74 

34-113b B 
34-114b Bt 

29.95  11.27  10.98  47.80 
31.90 10.40 9.35  48.35 

35-118 Bhf 32.94 14.02 15.09 37.95 
35-119 B2 36.47 15.91 13.67 33.95 

36125 Bt 21.17 12.16 13.17  53.51 

37-128 Bf 31.31 15.06 11.56  42.06 
Mean 33.9  11.9  11.4 
s@&&De"iati.a" 

42.9 
82 2.3 2.3  8.3 

CONCENTRATION  OF  GOLD (ppb) IN  EACH  SIZE 
TABLE  14-2 

FRACTION  OF A AND  B-HORIZON SOILS AS 
DETERMINED  BY  FA-AAS 

-+I06 -106tsa 53 

31-102 B 5 95  30 

32-105 
32-106 

AS 200 U 
Bt 

IO 
<5 I5 

32.107 
5 

Bt U U 5 

33-110 B 2320 1490 505 

3e113b B -3 U 
34-114b 

<5 
Bt U U U 

35-118 Bhf 
35-119 

<5 
B2 81 

190 
130 

80 
2 w  

36-125 BI U U IO 

37.128 Bf €Q 3 w  155 

b-background 

TABLE 14-3 
CONCENTRATION (ppb) OF  GOLD  IN  EACH  SIZE 

FRACTION OF A AND  B-HORIZON  SOILS  AS 
DETERMINED  BY  CN-AAS. 

WP) 
J l Z f 1 0 6  .106+53 u 

31-102 B 20 50 20 

32-105 Ae 5 
32-106 

<5 
Bt U U 

U 

32-107 Bt 5 IO 20 
15 

33-110 B 530 I I50 335 

34-113b B <5 e5 
X114b Bt 5 U 25 

5 

35-118 
35-119 

Bhf 
8 2  

75 
35 

10 
95 

36125 Bt 10 40 20 

37-128 Rf 20 75  65 

75 
145 

a211C6prn .IM+U#RI 0 J3"m 

Sample number 

Figure  14-2. Proporlionofgold inthe-212+106pmm, -106+53pm 
and  -53pm fractions ofA and  B-horizons 
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the same  concentration trends, generally increasing with in- 
creased total gold concentration. Figure 3b shows the same 
data with results of linear regression analysis. Stztistically, 
both the slope and intercept of this  regression lint: were in- 
distinguishable from the x=y line, although the slope of the 

pothesis probably results from the wide  scatter  in the data. 
line (.370) is  much less than I. Acceptance of t h s :  null hy- 

DISCUSSION 

SAMPLE  REPRESENTIVITY 

laney and Fletcher, 1993), we separated samples  i.lto heavy 
To study the distribution of gold in C-horizons (De- 

and light mineral fractions prior to analysis for gold. Esti- 
mates  of gold  particle  numbers  were  then  ma& for the 
heavy mineral concentrates of the -212+106-micron and - 
106+53-micron fractions ofC-horizons, based on:ield sam- 
ple weights. These  estimates  were  made assuming that the 
gold particles occw  as spheres  with diameter eq3al to  the 

...I "., 
geometric mean of the bounding mesh sizes. B,:cause of 
possiblevariationofgold concentrations and particle shapes 

Au (ppb) . FA-AAS 

-212+106pn -106+53prn -53pm 

A 

these calculations can  vary by a factor of 5 in e i t :m direc- 
tion. However, they serve  to illustrate the  trends i 1  the pos- 
sible number ofgold particles. 

Estimates showed  that  for  the -2121106-mi1:ron frac- 
tion, all  but one concentrate  contained insufficient gold to 

centrations in these samples cannot result from the presence 
form one particle. This  suggests that anomalous ;old con- 

of free gold. Although the possibility of free gold particles 
is more likely in the -106-53 micron range, thest: calcula- 
tions show that much of the gold is present as inc !usions in 
the heavy minerals rather than  as free particles. Moreover, 

tain up to  22%  of the total gold content of the sanlples. Be- 
light mineral fractions ofthe C-horizons were found to con- 

cause  free  gold  particles  would  partition  to t le heavy 
mineral concentrates, gold in this  fraction must t e present 

Examination ofthe distribution of gold across size frac- 
tions  in the A and B-horizons indicates that the hilbest pro- 
portion of gold exists as particles less than 53 rriicrons  in 
diameter (Figure 14-2). This  indicates that, as  with C-hori- 
zons. much of the gold is Dresent as inclusions. On.his basis. 

10 as inclusions. 

- 
Figure 14-3. Comparison of analyses by CN-AAS and FA-AAS numbers of ideal gold pakcles in  30  grams of all 'three si& 
for each size fraction, Samples with gold values ppb are fractions of A and B-horizons have been modeled with the 
excluded.  For  both figures the solid  line  represents  the  x=y  line. assumption that they behave as  spheres 50 microns in di- 
(a)  Data  shown  on a logarithmic scale. Dashed  lines  represent 20% ameter (Table 14-4). This  assumption results in a very con- 
limits. (b)Datashownonanarithmeticscale.Resultsofregression servative  (minimum)  estimate  for  the numbe:: of gold 
analysis  (dashed  line and equation)  conducted at the .05% confi- particles  in  the -53 micron fraction. 
dence  level. Based on the requirement of  20 particles of gold to ob- 

gold determinationsby CN-AAS (Table 14-3) are compared subsamples of the :106+j3-micron'and -53-,,,itron frat- 
to  corresponding FA-AAS analyses (Table 14-2)  in Figure tions would be necessary to insure representativity in sam- 
1 4 - h  FA-AAS values  are assumed to represent total gold ples containing  anomalous  gold concentration,r.  Larger 
concentrations. Values less than  10 ppb have been excluded, samples would be required iffie -2 12+106 micron fraction 
because of analytical  errors  in both methods occurring  near were to be used, and nearly 2 kilograms of material would 
the detection limit. On average, gold recovery by CN-AAS he needed if ail  samples having gold concentratims above 

present in each size fraction. Recovery by CN-AAS shows some of the erratic gold values obtained in  this shldy prob- 
is44%(rangingfrom 13 to  77%)ofthe total (FA-AAS)gold the  detection  limit were to  be  representative. Therefore, 

I c~ ~ ~~~ 
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ESTIMATED  NUMBER  OF  GOLD  PARTICLES  WITH 
TABLE 14-4 

DIAMETER  EQUAL  TO 5 O p n  IN EACH  SIZE  FRACTION 
OF A AND  B-HORIZON  SOILS 

Snmpk Total in 
N.w&r Ho-n 312+106 -106t53 " 
31-102 B 0.15 2.90  0.92  1.21 

32-105 Ae 6.11 
32-106 Bt 0.09 0.46 

0.09 0.31 
0.15 0.19 

1.22 

32-107 Bt 0.09 0.09 0.15 0.14 

33-110 B 70.93  45.55 15.44 31.55 

34-l13b B 
34-114b Bt 

0.09 0.09 0.09 0.09 
0.09 0.09 0.09  0.09 

35-118 Bhf 0.09 5.81  2.45 
35-119 B2 2.48  3.97 6.11 4.74 

2.71 

36125 Bt 0.09 0.09 0.31 0.24 

37-128 Bf 1.83 9.17 4.74  4.85 
Based LW a 30  gram-subsample. 

ably result from analysis of subsamples  that  are  too small to 
be representative. 

Also listed in Table 14-4 is the estimated number of 

material in this size  fraction  requires less effort than does 
ideal gold particles in the -212 micron fraction. Obtaining 

ties in numbers of gold particles  in  all  three  size fractions 
sieving  to the - 106+53 or -53-micron fractions and similari- 

indicate  that  samples  will  remain  representative  if the 
coarser size  fraction is used. However, the possibility of er- 
rant gold values  resulting from the  presence of free gold 
particles would increase in  the -212-micron fraction. 

RECOVERY OF GOLD BY CYANIDATION 

by CN-AAS are  about  half  the  corresponding FA-AAS 
Gold concentrations in A and B-horizons as determined 

value, indicating that much of the gold is inaccessible to 
cyanide solutions or is inhibited from entering the solution 
by some component of the samples. Although CN-AAS val- 
ues are lower than the FA-AAS values, results of cyanida- 
tion  reflect  the  relative  levels of gold  in  the  samples. 
Furthermore, results of cyanidation adequately distinguish 
background samples from anomalous samples. 

Cyanidation generally recovered more than 80% ofthe 
gold in the light mineral fractions of C-horizons (Delaney 

zons were not separated into density fractions. One would 
and Fletcher, 1994). Unlike  the C-horizons, A and B-hori- 

expect, therefore, that because free gold is generally associ- 
ated with heavy minerals, gold recovery by cyanide would 
be higher in  the A and B-horizons than in the light mineral 
fractions of C-horizons. In fact, gold recovery was lower in 
the upper horizons. Possible  explanations  for  the lower gold 
recovery include: inhibition of cyanide resulting from the 
presence of organic matter; encapsulation of gold in secon- 
dary minerals such  as iron oxides; or encapsulation of gold 

rizons, such as eolian deposits. However, lower gold recov- 
in primary minerals that have a source other than the C-ho- 

ery  in the A and B-horizons was found in a variety of soil 

types  developed  over  gold  deposits,  in  climates  varying 
from the  deserts  ofNevada to the humid lowland ofsouthern 
Ontario (Delaney and Fletcher, 1993). The  most likely ex- 
planation, therefore, is  that gold is encapsulated in heavy 
minerals. This interpretation is the reverse of the  common 
assumption that  most gold associated with  heavy minerals 
exists as free particles. 

CONCLUSIONS 

detected by FA-AAS in  all  size  fractions  using 30-gram sub- 
At  Fish Lake, although  anomalous gold values  were 

samples, estimates of the  number of gold particles  in the 
subsamples  suggest  that  they  are  too  small  to  he repre- 
sentative  and  would  suffer  from  the  nugget effect. To 
achieve  representativity,  samples  larger  than 100 grams 
would be required. Such  samples  are too large to be ana- 

essed  using  cyanidation.  Although  results of CN-AAS 
lyzed efficiently by standard FA-AAS but  could  he proc- 

analysis are generally lower  than  the  corresponding results 
of FA-AAS, values  show  the  same  concentration trends. 
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RESIDENCE  SITES OF TRACE  ELEMENTS 
IN  OXIDIZED  TILL 

R.N.W. DiLabio, Geological Survey of Canada 
(Geological Survey of Canada Contribution No. 36893) "- 

INTRODUCTION 
A common problem in the geochemical analysis of till, 

and soils developed on till is the choice of a representative 
and geologically meaningful grain-size fraction for analy- 
sis. For each specific set of source rocks and ore minerals, 
enough  data  should  he  available so that one  can  choose an 
optimumsizefractionforanalysis.Analysisofthissizefrac- 
tion should detect subtle anomalies and should  not he biased 
by sample-to-sample variations in the abundance of "inert" 
rock-forming minerals. The  size range must include the spe- 
cific  size  fraction  to  which  ore minerals are glacially com- 
minuted  and  may  include  the  size  fraction  where  trace 
elementsaccumulateduring weathering;twoconsiderations 
that are  often neglected in routine orientation surveys. 

dorsen (1 977) investigated the glacial comminution of com- 
DreimanisandVagners(1971),LindCn(1975)andHal- 

mon  rock-forming  minerals,  identifying  the  "terminal 

been placed on the  comminution hehaviour of ore minerals 
grades" for several of them. Recently, more emphasis has 

and the effects of weathering on trace metal levels versus 
grain size (Kauranne, 1967; Eriksson, 1973; Shilts, 1973, 

Shilts, 1977; DiLahio, 1979, 1981). The  amount  ofpuhlish- 
1984; Smith and Gallagher, 1975; Ayras, 1977; Klassen and 

ed information on the residence sites oftrace elements in till 
is still quite small, including gold, which has drawn the most 
attention(DiLahio.1982a. 1985, 1988; Sopuck.etaL, 1986; 
Shelp  and Nichol, 1987). There are essentially no  data on 
platinum group elements. 

they have come mainly from Geological Survey of Canada 
No samples were collected specifically for this study; 

archival material collected from drift prospectkg research 
by the author (Table 15-1). The variety ofore deposit types 
that is represented hy the  sample suite, and the amount of 
analytical work that could be performed, are limited by the 
variety and size of the remnant samples in the archives. A 

have been supporting this research. 
few  samples  were  donated by exploration geologists who 

No attempt has been  made  in this study to evaluate the 
effects of till type  on residence sites. Presumably, the trans- 
port of debris in a subglacial versus supraglaci;il position 
may affect the  process of comminution. All the t l l  samples 
used in  this study are assumed to  have been transported sub- 
glacially. 

METHODS 

been subdivided into as  many as ten fractions re,?resenting 
A wide range of grain  sizes  finer than 4 milli netres has 

the variety of components of till; from rock fragment domi- 
nated (4-1  mm), through  silicate mineral domirated (1.0- 
0.02 mm), to phyllosilicate dominated ( 4 0 2  nm). Each 
original sample of till was dry sieved to recover fhe -4-mil- 
limetres  matrix portion. The -4-millimetms material was 
then dry sieved to obtain  samples of fines in fractions such 
as -0.037 or -0.063 millimetre. The oversized sedi ment  Crom 
this operation was  wet  sieved to wash away adhering fines, 
dried, and dry sieved at 1 phi intervals using stainless steel 

SUMMARY OF RESIDENCE  SITES OF TRACE  ELEMENTS 
TABLE 15-1 

FllguronL.N.W.T 
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sievesofthefollowingsizes:2.0,1.0,0.5,0.25,0.125,0.063 
and 0.037 millimetres.  Fractions  coarser  than 0.063 milli- 
metres  were  ground  to  powder  prior  to  analysis.  When  the 
samples  were  adequately large, a -0.002-millimetre frac- 
tionwas  recovered by centrifuging  and  decantation  of a 
separate  portion  of  each  original sample. 

Heavy  minerals  were recovered from  the 0.25 to 0.063- 
millimetre  fraction  of  selected  samples  using  methylene io- 
dide (s.g. = 3.3) as the heavy  liquid.  These  separates  were 
examined  with a scanning  electronmicroscope  (SEM)  using 
displays  of  both  secondary  and  backscatter  electron  images 
to  guide  the  examination  and  photography.  Qualitative 
analyses of grains observed in the  displays  were obtained 
using energy dispersive X-ray spectrometry. 

fire  assay - atomic  absorption (FA-AA) technique. Ten to 
Gold  analyses  were performed on most  samples  by  the 

fifteen  grams of  sample  were  analyzed,  except for the - 

were  available  for  analysis.  Analyzed  weights  were 5 to 10 
0.002-millimetre fraction,  of  which  only 1.0 to 2.5 grams 

have  resulted  from  analysis  of  such  small samples. Anum- 
grams  for a few  small  samples.  Some  aberrant  results  may 

were  performed  by  the  fire  assay - inductively  coupled 
ber ofthe gold analyses  and  all  the platinum group  analyses 

plasma - atomic  fluorescence  spectroscopy method, follow- 
ing  sample  digestion in aqua regia. Tungsten  analyses  were 
performed by colorimetry  after  sintering.  Analyses for zir- 
conium, niobium,  thorium, beryllium and yttrium were  by 
X-ray fluorescence.  Lithium, copper, nickel  and lead analy- 
ses  were  carried  out by atomic  absorption  after  aqua  regia 
digestion. 

OBSERVATIONS 

GOLD 
In determining  the  residence  sites of  gold in till,  con- 

sideration  must  be  given to the  original  form  of  the gold 

phide and silicate  minerals (Shilts, 1984), gold may have 
(Table 15- I). Although  base metals are held normally in sul- 

minerals. Consideration  must also be givento the possibility 
originally been native or tied upin oxide,  sulphide  or  silicate 

ofremobilization and reprecipitation  of gold during weath- 
ering. 

At Waverley, Nova Scotia, quartz-carbonate veins in 
Meguma  Group  greywackes  contain coarse-grained native 
gold, scheelite  and  arsenopyrite. Oxidized till  was  collected 
from  shallow  test  pits ( 4  m) at several  distances  down-ice 

ofthe grain-size  fractions  are gold-rich. Down-ice  from  the 
from  the  deposit  (Figure 15-1). Close to  the  deposit,  most 

deposit, the  overall gold content  of  the till declines sharply, 
with some  exceptions, and the finer  fractions (<0.063 mm) 

most  gold-rich  sample was particulate gold evident in an 
are  the  most  consistently  auriferous  grain sizes. Only in the 

were  not found in searches  of  finer  fractions  of this sample. 
SEM  search  of  sand-sized  heavy minerals. Grains  of gold 

Based  on the SEM  studies,  it  appears  that  most  of  the gold 
in these  weathered  samples  is  present in an adsorbed form 
on  secondary  iron  and  manganese  oxides  and  hydroxides, 
and  on  phyllosilicates. It also  appears  that a fine  fraction 
such as -0.063 millimetre (-230 mesh)  would be the  most 

- 
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suitable  for  analysis of samples  collected in the  Meguma 
Terrane, coupled with  panning or tabling  of  large  samples, 
which  bas  been  shown by MacEachem  and  Stea  (1985)  to 
be an effective  addition  to  geochemical  analyses in this ter- 
rane. 

At  Onaman River, near  Beardmore,  Ontario,  copper- 
silver-gold  mineralization  carried  its gold in chalcopyrite 

train derived from this deposit,  gold  content  was  found  to 
and pyrite. In  six  exploration  trenches through the  dispersal 

vary  with  the  copper  and  silver  contents  of  the till (DiLabio, 

dispersal  train  are  shown in Figure 15-2. Generally, gold 
1982b). Results  of  detailed  sampling  of a soil  profile in the 

levels in the  six  samples  increase  up the soil  profile,  and in 
the majority, the  most  auriferous  fractions  are  the  finest; 
however, gold is  also  enriched in coarser  grain-size  frac- 
tions, which  consist  predominantly  of  locally  derived rock 
fragments.  Regardless  ofthe gold content or the  depth  ofthe 

roughly the  same  shape  and  they all display gold enrichment 
samples in the  soil  profile, the fractionation  curves have 

in fine  fractions,  presumably  because  the gold released  dur- 
ing  weathering ofthe sulphides is very  fine  grained  (native) 
or is absorbed  on fine-grained phases.  This gold enrichment 
in fine  sizes is characteristic  of the behaviour  ofchalcophile 
elements (mainly released  from  weathering  sulphides) in 
oxidized till (DiLabio, 1979, 1981; Shilts, 1984), lending 

and may  behave  like  some base metals  during  weathering. 
support to the idea  that gold is  remobilized in the  soil  profile 

'"1 Waverley,Till 

/'-*'150m 

I 
4 I .25 ,063 C.063 C.002 

Grain sizehrn)  

Figure 15-1. Abundance  of  gold versus grain  size of analyzed 
fraction  ofoxidized till at several  distances  down-ice  fromthe gold 
deposit at Waverley,  Nova  Scotia. 
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Figure 15-2. Abundance  of  gold versus grain size  of analyzed 
fraction of oxidized till at varying depths below surface in a 
dispersal train at Onarnan River, Ontario. 

the Owl Creek gold deposit near Timmins, Ontario, an unox- 
At the base of the thick Quaternary sequence overlying 

idized, green, muddy till is preserved. Within this till, dis- 
crete  decimetre-sized cigar-shaped lenses of its oxidized 
equivalent are present. The unoxidized green till contains 

and Paleozoic carbonate pchbles and granules; pyrite and 
abundant frcsh pyrite (the host for gold in the ore deposit) 

carbonate clasts within the oxidized lenses are decomposed. 
Fractionation curves for the two types of till (Figure IS-3) 
show the oxidized till is much more auriferous in all size 
fractions than the unoxidized till, where strong gold enrich- 
ment is present in the  fine sand and silt fractions ofthe unox- 
idized till. The  extra gold in  the  oxidized till cannot be 
accounted  for  only by the volume loss caused by the decom- 
position of the pyrite and carbonates. It appears that the till 
has been oxidized by groundwater flowing along the till- 
bedrock  interface  while  at  the  same  time gold has been 

part of a paleosol, ancient suficial weathering is probably 
added to the oxidized till. Because the oxidized till is not 

not  the  cause ofthe oxidation. It  is  not known how long this 
process may have operated, but it may have been a short 
period (since  deglaciation) or a  long period, because the se- 
quence  at the Owl Creek mine spans the entire duration of 
the last glaciation (Bird and Coker, 1987; DiLabio et al., 
1988). 
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Figure 15-3. Abundance  of gold versus grain size of analyzed 

at the Owl Creek mine, Timmins,  Ontario. 
fraction of a sample  of unoxidized till and its oxidized  equivalent 

Scanning electron microscopy indicated that :he sand- 
sized heavy minerals in the unoxidized till at the 0 wl Creek 
mine are dominated by euhedral pyrite, which expslains the 
peak in gold content in the fine sand fraction. Gold grains 
were not observed, although they may he present because 
the ore contains only a small amount of free gold. Heavy 
minerals in the oxidized till are dominated by earlhy limo- 
nite-goethite grains and corroded pyrite remnant!:. Again, 
no gold grains were evident. Most likely the gold ill the oxi- 
dized till is  tied up in the secondaly iron oxides and hydrox- 
ides. These secondary iron-rich grains were obserwd in  all 
grain-size ranges, and appear to have acted as trap: for gold 
released from oxidizing pyrite and for gold tranqmrted in 
groundwater through the oxidized till. 

In studies in the  Grenville  metasedimentaqr belt of 

the -0.063-millimetre fraction of the C-horizon ol'soil de- 
southeastern Ontario, Gleeson etal. (1989) have shown that 

veloped on till is an effective fraction for analys's in this 
region.  Fractionation of  an  anomalous and  a near-hack- 
ground sample from their study (Figure 15-4) suppxts their 

tive to the coarse sizes reflects the complete deconlposition 
results. The enrichment of gold in the finer grain sizes rela- 

of the gold-hearing pyrite in the soil  in  this area. It is not 
known in what form the gold was held in the pyrit:, before 
weathering. 
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Figure 15-4. Abundance  of  gold versus grain  size  of  analyzed 

ground  (lower curve) till in Darling Township, Ontario. 
fraction of oxidized anomalous (upper curve) and near-back- 

A small  number of till samples collected near gold oc- 
currences in periglacial terrain were also used for  this study. 

Yathkyed Lake, District of Keewatin. Two deposits  are rep- 
Samples  were  collected  from  mudboils  in  tundra  near 

resented on Figure 15-5. The  first  is a quartz vein containing 
abundant coarse, visible gold. One  sample of till from this 
site shows wildly divergent gold levels ranging from over 
6000 ppb in  the 4 to 2-millimetre fraction down  to 6 to 8 ppb 
in the next three finer fractions. This must result from the 
"nugget effect" in the coarser fraction in  which the presence 

results from subsample to subsample. Anomalous, but er- 
or absence of a few gold grains can lower reproducibility of 

ratic gold levels were found in  the three finest fractions ana- 
lyzed. This site would require more sampling  overlying  and 
down-ice from the  deposit to determine if consistent pat- 
terns exist in  the fractionation curves. Larger weights (e.g., 
30 g)  for analysis would help overcome the nugget effect. 

collected overlying gold mineralization in the form of fine 
At the second site in this district, four samples were 

blebs in arsenopyrite and  as  free gold along  grain bounda- 
ries. Consistently, fractionation  curves  for  these  samples 
(Figure 15-5) show gold enrichment in all grain size ranges. 

mm)andinthefinersizes(<O.l25rnm),withlowestvalues 
The highest values  occur mainly in the coarser  sizes p O . 5  

ably  represents  gold-rich  rock  fragments  and  surviving 
in  the medium sand range. The c o m e  peak  for gold prob- 

released during the weathering of the arsenopyrite as well 
arsenopyrite fragments  and the fine peak represents gold 

as silt-sized free gold  grains. 

on the nickel-copper massive  sulphide occurrence at Fer- 
It has previously been  shown  that the gossan developed 
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Figure 15.5. Abundance  of  gold versus grain size of analyzed 
fraction  of  oxidized  till  from  near a quartz vein  (one  sample)  and 
from near a shatiform  deposit  (four samples) near Yathkyed Lake, 
Diseict  of Keewatin, N.W.T. Curves  were  drawn  with  different 
patterns  for  clarity. 

guson Lake, District of Keewatin, is depleted in nickel and 
copper (DiLabio, 1979). Analysis of mineralized samples 

are contained in  the primary sulphide minerals. Reanalysis 
showed that small concentrations of gold (20 to 200 ppb) 

of the gossan  samples  shows that significant amounts of 
gold (Figure 15-6) have remained in the  gossan  during post- 
glacial weathering (about 7000 y e m  in  this area). During 
this time, the sulphide-rich rock has decomposed to a depth 
of at least 2 metres  and the resultant gossan is an iron-rich 
mud retaining little of its original textures. Gold levels in 
the  samples increase in the finer grain sizes  and  four out of 
five samples have their maximum gold content  in the finest 

within the fine-grained secondary  iron phases. 
fraction. This probably reflects adsorption of the gold on or 

discussed in this study. Only one  sample of unoxidized till 
Table 15-1 summarizes  the  data on gold residence sites 

was available  (Owl Creek). In that sample, gold is most 
abundant  in  the  grain-size  range  that  contains  abundant 
auriferous pyrite, 0.125 to 0.063 millimetre. More  work  is 
required on unweathered till from a variety of sources before 

dized till, gold seems  to be most abundant  in fine size ranges, 
generalizations can  be made about  residence sites. In oxi- 

usually the <0.063-millimetre fraction. This  agrees  with  the 
findings of Averill (1988)  in a Canada-wide study, with 
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Figure 15-6. Abundance of gold versus grain  size of analyzed 
fraction of five samples of  gossanous  sediment  from  the  Ferguson 
Lake  nickel-copper  occurrence,  District ofKeewatin, N.W.T. 

Shelp and Nichol (1987) for till associated with the Owl 
Creek mine and the Hemlo, Ontario deposits, and with the 
findings of Sopuck ef al. (1986) for till derived from gold 
deposits in the  La Ronge area of northern Saskatchewan. At 
most sites  in the present study, free gold was originally fine- 
grained, gold liberated from sulphides  during weathering 
was probably fine grained, and gold adsorbers such as sec- 
ondary iron oxides  were  also fine grained.  At every site, 
analysis of the -80 mesh (-0.177 mm) fraction used tradi- 
tionally  in  geochemical  surveys  would have resulted in 
lower gold values than analysis of a finer fraction, because 
of the presence of a high proportion of geochemically "in- 
ert" minerals (e.g, quartz and feldspar, in the fine sand frac- 
tion; Dreimanis and Vagnen, 1971). Because an adequate 
volume of sample  in  the -0.063-millimetre or -0.037 milli- 
metre-range can be recovered simply and inexpensively by 
dry sieving, it is recommended  that  either of these fractions 
be used for geochemical analysis of oxidized till. Table 15- 1 

alized source. Further work  is planned to fractionate sam- 
shows that most  samples  were collected close to the miner- 

ples  at  increasing  distances down-ice from their sources to 
test the persistence ofthe residence sites as well as sampling 
additional sites. Sequential leaching could be used to  deter- 
mine which  phases  are hosting the gold. 

PLATINUM  GROUP  ELEMENTS 

platinum  group  elements (PGE) comes from the gossan 
The  only available set of data  on the residence sites of 

samples from Ferguson Lake described previously with re- 
spect  to gold content. In addition, one till sample was  also 
found to  contain significant palladium levels. In this area, 
sulphide-rich rock  was found to contain up  to 650  ppb plati- 
num and 2600  ppb palladium (author's data and those of 
Jonasson etal., 1987). In the gossan samples, there is a strik- 
ingdifference between the distributions ofplatinumand pal- 
ladium (Figure 15-7). Platinum levels  are wildly divergent, 

ranging from less than IO ppb to  100  to 1000 pph ir, adjacent 
fractions of the same samples. In contrast, palladilun levels 
in  the gossan are  more uniform, with  several  sample levels 
near 1000 ppb in  most fractions. The maximum Falladium 
content of all  samples  occurs in the finest fi.actio.1(-0.063 
mm). Because of the highly decomposed nature  oi'the gos- 
sanous mud, the palladium pattern is interpreted Io reflect 
palladium residence in fine-grained secondary iron oxide 
and hydroxide phases which coat grains of all sizes, occur 
as earthy grains, or as  free  powder  in the finest grdn sizes. 
The platinum pattern, on the other hand, may ind .cate that 
platinum  occurs  as  randomly  distributed  micronuggets 
hosted in coarser grains and present as fine free grlins.  The 
till sample  shows maximum palladium levels in lhe  finest 
fraction. Together with the data on the gossan samples, h i s  
implies that a fine fraction (i.e.,<0.063 mm) is  the nost suit- 
able  for  palladium  analysis  in  geochemical  exploration. 
Analysis of this  fraction  for platinum is  also indicated (Fig- 
ure 15-7). A number of new sample suites will be tested to 
widen the PGE database. Scanning  electron micror.cope ex- 
amination of the samples will be  camed out to attempt to 
isolate a platinum-bearing phase. 

LITHOPHILE ELEMENTS 
The distribution of tungsten in till samples collected 

pattern from sample  to  sample (Figure 15-8). Tugsten is 
from a section at Waverley, Nova  Scotia, follows a similar 

most abundant in the 2 to 0.25-millimetre and -0.O~)Z-milli- 
metre size ranges. Originally, this bimodal distritution of 
residence  sites  was  thought  to  represent the presence of 

cia1 abrasion of this relatively soft, cleavable mineral, to 
sand-sized scheelite grains and  scheelite  powder from gla- 

produce the second mode in the -0.002-millimetre fraction 
(DiLabio,  1982a).  Recently,  however,  Johansson el a[. 

broken down by acidic soil water, a process that may also 
(1986) have described a site  in Finland where scheelite is 

have taken  place  at Waverley, where the soil  is strongly 
acidic. Very large volumes  ofarsenopyrite are decomposing 
and acidifying the soil, as indicated by arsenic co~~tents  of 

scheelite  grains are present in  samples collectd within 135 
1000 to IO 000 ppm, in the -0.063-millimetre fraction. :No 

centimetres of the surface, although small amounts of tung- 
sten  are detected in  the -0.002-millimetre fraction. Dissolu- 
tion of the  scheelite  is supported by the heanily corroded 
appearance of scheelite observed in SEM innager,y on The 
deeper samples. The tungsten released during the weather- 

the section and adsorbed onto the  fines  in the lower part of 
ing process has apparently been translocated downwards  in 

the section, probably as iron-rich phases in grain coatings 
and in very fine mud. 

Because the -0.002-millimetre fraction is u s W y  en- 
riched in tungsten, this fraction should be considered the 
most suitable  for geochemical analysis. Ifthe sample prepa- 
ration  laboratory  is  not  equipped to recover vt:ry fine 
grained fractions by centrifugation and decantation, a coarse 
fraction that can be recovered by  simple  sieving  ;nethods 
could be substituted (e& ,0.05 mm at Waverley). However, 
coarse fractions are prone to the nugget effect because ofthe 

the 0.05 to 0.25-millimetre fraction is recommended far 
small number o f  grains they contain per sample. Therefore, 

~~ 
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Figure IS-7 . Abundance  of platinum (in 5 samples)  and  palladium (in 7 samples) versus grain  size of analyzed  fraction of gossanous 
sediment and of till (one sample, Pd only)  from the Ferguson Lake nickel-copper  occurrence,  District  of  Keewatin. Curves are dashed 
and  dotted forclarity. 

Waverley, N.S., Till analysis (Figure 15-8). Coker ef al. (1988) have shown  that 
depth (ern) most fractions of till at the Great Gull scheelite prospect in 

Newfoundland are  adequate  for analysis. Snow and Coker 
(1987) also  found  that  all  fractions of till  were  equally 
anomalous  in tungsten levels at the Sisson Brook deposit, 
New Brunswick. Clearly, more work is required on defining 
the residence sites of scheelite  in till. 

At the Strange  Lake  alkalic  complex, Labrador, the li- 

thorium  and lithium are present  as coarse-grained exotic 
minerals  such  as  gittinsite,  pyrochlore,  zircon,  thorite, 
elpidite and armstrongite in a late-stage differentiate at the 
top of the pluton (Miller, 1986). Glaciation of the mineral- 

train over 40 kilometres long (Batterson et. al., 1985; Bat- 
ized part of this pluton has  given rise to a classic dispersal 

fresh oxidized till samples  were collected from the  active 

4 1 .25 ,063 7 0 0 2  
centres of mudboils, which  consist of periglacially churned 
till. Samples from background and anomalous  sites  were 

Grain size (rnrn) chosen for this study (Figure 15-9). All of the elements with 
Figure 15-8 . Abundance  of  tungsten versus grain size of analyzed the exception of lithium, lead and uranium show similarly 

ley,  Nova  Scotia. 
fraction  of  oxidized  till  at  varying  depths below surface  at  Waver- shaped  curves Of metal  abundance  the  analyzed 

grain-size range. 
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. ferson, 1989). Because the area is in the tundra, relatively 
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zirconium  and thorium  (Figure 15-9) show  peaks in the 
Curves  of abundance  for  niobium, yttrium, beryllium, 

coarsest (rock fragments) and finest sizes (mainly silt-sized 
mineral grains), and all show lower metal levels in the in- 
tervening sizes. The fact that  the  exotic minerals are  chemi- 
cally stable  is  evident  from SEM observations  which  show 
a lack of  corrosion on pyrochlore  and zircon grains  despite 
the  fact  that  they  have  been exposed to weathering  for  about 
7000 years.  It  is possible that glacial comminution ground 
some  of the coarse  minerals  directly  to fine sizes without 
leaving  much in the  intervening sizes. It is also possible that 
there are  coarse and fine primary grain size ranges of the 
exotic  minerals  in  the  alkalic complex. 

est sizes  and  decline  into  the  fine sizes. It  is  not lcnown which 
Curves  for lithium abundance  are highest in the coars- 

minerals  contain the lithium and  why  its  pattern  deviates 
from the other  elements.  In  contrast  to the other elements, 

dence in the finest grain sizes  (Figure 15-9). regardless  of 
lead and  uranium  show  patterns  of preferential metal resi- 

whetherthesamplehadanoverallhighorlowmetalcontent. 
This pattern is similar to that observed for base and  ferrous 
metals  and  uranium in other  regions (DiLabio, 1979; Shih ,  

stable minerals, such  as  sulphides or uraninite,  which  broke 
1984). The  trace  elements  were  originally contained in un- 

down in the  solum, as a result of  postglacial weathering, to 
produce  secondary  phases  that  are  fine graincd and/or re- 
lease  the  trace  elements  for adsorption on  other fine-grained 
phases. 

est  fraction  that  can be recovered in suffkient quantity is 
Based  on  the  Strange  Lake  example,  analysis ofthe fin- 

recommended  for  the  lithophile  elements. No tests have 
been performed on the clay (-0.002 mm)  fracticn  of these 
sampleshecauseofthelargesampleweights(l5g')thatwere 
required for analysis. However,  testing of the clqy fraction 
could be useful because it  is known to be applicdlle in geo- 
chemical  surveys  for base metals  and uranium. As the analy- 
sis  of the -0.037-millimetre or -0.063-millimebe  fraction 
would be adequate to map the dispersal train, th~: extra ex- 
pense of  recovering  clays  from  till is not warranted in t h i s  
particular case. 

BASE METALS 
The six till samples  from  Onaman River, discussed 

above interns  oftheir gold content (Figure 15-2), were  also 

rite  survives in the till,  all  fractions  of the six samples are 
analyzed  for  copper  (Figure 15-10), Although no chalcopy- 

copper rich because of  secondary malachite graim; and  coat- 
ings evident in every size range. The  gentle  methods used 
in  wet  sieving  the  samples did not destroy the 1nalachite. 
There  is  no  preferential  enrichment or depletion irl the fmest 
fraction (-0.037 mm). This example  illustrates  how the pres- 
enceofsecondarymineralscandistortprimary(detrital)dis- 
tributions of trace  elements in till. 

were  analyzed,  representing sites  both inside and cutside the 
At the  Ferguson  Lake occurrence,  four  till  samples 

dispersal train. The  residence site ofcopper and nickel  (Fig- 
ure15-11)isclearlyinthefmestsizerangeanalyu:d(-0.002 
mm). Metal levels in t h i s  fraction are ordels of magnitude 
higher than in all the coarser  fractions. Bccaus:  sulphide 
grains in till are  broken  down  by  weathering proc esses, the 
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Figure 15-10, Abundance  of  copper versus grain  size of analyzed 
fraction of oxidized till at varying depths  below  surface in a 
dispersal train at Onaman River, Ontario. 

trace metals  are  most likely adsorbed on the phyllosilicate 
minerals present in the fine fraction. 

Accessory base metal sulphides are present invein-type 

Northwest Territories. Copper and lead contents of the min- 
uranium mineralization at Kazan Falls, on the Kazan River, 

eralized rock samples  reach 0.12% copper and 0.64% lead 
(DiLabio, 1979). Results from four  till  samples from within 
the dispersal train show that copper and lead (Figure 15-12) 

This pattern is  also interpreted as a reflection of metal ad- 
are  at  their highest levels in  the  finest  fraction (-0.002 mm). 

sorption on phyllosilicates in the finest fraction. 

CONCLUSIONS 
Fractionation  experiments of this  type  are relatively 

easy  to  perform  and  can provide valuable information in the 
initial  stage of a geochemical  exploration program. The 
choice of optimum grain-size fractions for  analyses of till in 

ments, conducted as part  of an orientation survey. The re- 
a given  area  should be made  on  the  basis of such experi- 

sults have the  additional  value of indicating the original 
residence sites of trace  elements prior to recycling of the till 
itself and the adsorbed  trace  elements  it  holds into modern 
stream or lake sediments. 

Research is now in  progress to identify some of the pri- 
mary and  secondary mineral phases  that are the preferential 
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Figure 15-1 1. Abundance of nickel and  copper wi-sus grain  size 
of analyzed  fraction  of  oxidized  till  at  Ferguson  Lake, N.W.T. 
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Figure 15-12, Abundance of copper  and  lead versus grain  size of analyzed  fraction  of  oxidized  till  at  the  Kazan  Falls umium 
wcurrence,  Kazan  River, N.W.T. 

residence sites of the  trace elements, particularly in weath- 
ered samples. Future  work  should  also recalculate trace ele- 
ment  data  to  take  into  account  variations  in  grain  size 

and Vagners (1971), DiLabio (1981), Sopuck ef al. (1986) 
distribution of the till samples, as was done by Dreimanis 

and  Shelp  and Nichol (1987). This approach permits the 
identification of fractions  that may hold the bulk of the metal 
or mineral in  a sample, but because the fractions contain 
much inert sediment they may be overlooked. This becomes 

using sluice, shaking  table or heavy liquid separation meth- 
important when one attempts  to recover a particular mineral 

ods. 
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GEOCHEMICAL PARTITIONING IN TILL 

W.W. Shilts, Geological Survey of Canada "- 

INTRODUCTION 
It has long been  known that the various processes asso- 

ciated with glacial crushing and abrasion of bedrock, and of 
clasts undergoing glacial transport, reduce minerals to char- 
acteristic sizes, determined largely by their original grain 

phic and igneous history of  their source rocks. Dreimanis 
size, hardness, cleavage, and the cementation or metamor- 

and Vagners (1971, 1972) expressed this phenomenon ele- 
gantly by introducing the concept of "terminal mode" for 
the optimum grain size  to  which a mineral can be reduced, 
given the force and energy typically available in the glacial 
environment. Thus, hard, uncleaved or poorly cleaved min- 
erals such as quartz, fcldspar, garnet, pyrite and magnetite 
dominate either the medium or the fine sand fraction of gla- 
cial sediments, depending on  their grain size in the source 
rocks;  calcite,  dolomite and gypsum  have  their  terminal 
modes  in the  silt  sizes because of their softness or good 
clcavage; clay minerals, micas  and  other phyllosilicates, 
serpentine, and hematite, because of  their excellent cleav- 

the sub- 1 0-micron sizes, particularly the clay-sized fraction 
age, fine original grain size, and extreme softness, dominate 

concentration in crustal bedrock and glacial sediments de- 
below4 microns. Quartz, because ofitsubiquity and its high 

rived from it, is found as discrctc, monomineralic particles 
in all grain sizes from decimetres to microns. Nevertheless, 
quartz is, as the terminal mode theory would predict, most 
common  in the fine sand fraction where it comprises, with 
feldspar, typically more than  95% of all grains. 

ent  size fractions oftill, it follows that minerals' individually 
Because different minerals are characteristic of differ- 

differing chemistry will be reflected by a typical geochemi- 
cal signature  for each grain size, depending on  the dominant 
mineral(s) in that grain size. In analyzing tills, because of 
their typically wide range of grain sizes, samples are neces- 
sarily truncated at some upper size limit, and, unless special 

arc  employed, the sample analyzed comprises a wide range 
sieving, centrifuging, filtering, or heavy liquid techniques 

or another  size may dominate the chemistry of the fraction 
of grain sizes. I fa  wide range of grain sizes is used, then  one 

chosen for analysis. If the proportion by weight of a particu- 
lar size fraction varies for scdimentological reasons, that is 
varying processes of deposition, post-depositional rework- 
ing etc., it  is possible that  compositional variations, and 
therefore  geochemical  variations, may not represent the 
provenance of the samples. In the case ofvarying grain-size 
distributions related to varying sedimentary processes, the 
geochemical analyses may actually represent nothing more 
than textural variations (Figure 16-1;  Shilts, 1971). As the 
objective of geochemical  sampling programs,  whatever 
their ultimate goal (exploration, environmental), is to reflect 
provenance  of glacial scdiments, this uncontrolled facies 
and process-related variation is not always desirable. The 

Wt.% < 2 pm In 64 pm 

Figure 16-1. Maps  comparing  patterns  of  areal variation of Zn  in 
silt + clay  fractions  with  weight  percentage ofclay-sizcd  particles 
in silt + clay  fractions  of till from Can Lake area, District of 

whelms  provenance signal from  zinc  mineralization  shown by 
Keewatin.  Note  how  partitioning of Zn into  clay  fractions  over- 

crossed  picks  (modified  from  Shilts, 1971). 
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author  and  colleagues  have pointed this  out in a series of 
papers  written  in  response  to difficulty in  interpreting tex- 
ture-generated geochemical anomalies  in regional drift geo- 

the Appalachian  Mountains of  Qutbec (Shilts, 1971,1973, 
chemical  sampling  programs on the  Canadian Shield and in 

1975, 1984, 1991, 1993; DiLabio, 1982: Ridler and S h i h  
1974; Klassen and Shilts, 1977). 

Among  the  most difficult minerals to accommodate in 
an analytical and sample processing scheme  are those that 
dominate the  fraction of till  finer than about  10 microns. 
These minerals are dominated by phyllosilicates by virtue 

cleavage. Because of the distinctive physico-chemical char- 
of  the originally  fine  crystallite  size  and  their  excellent 

reaction area, high  exchange capacity, and 'loose' lattice 
acteristics ofphyllosilicates,  that is large internal surface or 

structure that may  accommodate  cations  with a wide range 
of ionic radii, they can  dominate  the  chemishy of a sample 
that has been artificially truncated at  coarser grain sizes by 
sieving  or other physical  separation techniques. In fact, it 
has  been my experience  that most metal derived from till 
samples containing a wide  range of grain sizes usually re- 
sides predominantly  in the sub-4-micron fraction. As  it  is 
possible to  trace  geochemical  signatures  oforebodies in dis- 
persal  trains hy analyzing separates that include this chemi- 
cally dominant fraction, there  must  be  some signal in the 
fraction that is related to provenance. 

sulphide  minerals,  fragments of which  are  almost  never 
Even  though exploration targets may be composed of 

found in  the  sub-Cmicron fraction, the phyllosilicate frac- 
tion  is  commonly a useful source of geochemical informa- 
tion  of sufficient  coherence  to  generate  recognizable 
dispersal patterns (Shilts, 1975, 1984). If high  metal levels 
associated with  the  finest fractions of oxidized till in disper- 

p h i d e   m i n e r a l s   ( o r  o t h e r   l a b i l e   m i n e r a l s )   b y  
sal trains  were  due solely to  destruction of transported sul- 

post-depositional weathering  processes  and subsequent ad- 
sorption of their  cations  onto  clay  particles or into finely 
divided  secondary  iron  and  manganese  oxyhydroxides 
(Shilts  and Kettles, 1990), the "mystery" ofhigh metal con- 
centrations in  the  clay  fraction  would  he solved. However, 
high  metal  levels  also  are observed in unweathered tills, 
either  permanently  frozen  or  permanently  below  the 
groundwater  table (Shilts, 1980). Also,  many weathered, 
sulphide-free samples of till  that  was  rich in sulphide min- 
erals  in  its unweathered state, show  no  secondary enrich- 
ment of metal  in clay-sized fractions  (Shilts  and Kettles, 
1990). Furthcrmore,  cations  occurring  in  mineral  phases 

W, some Zn) are enriched in the clay  fraction (Tables 16-1, 
that are relatively stable  in  the  weathering  environment (Sn, 

2,3,4,5,6,7).  

chemistryoftheclay(<2pn)fractionoverthatofthecoarse 
A striking example of the dominant  influence of the 

ANALYSES OF TILLS RICH 1N ULTRAMAFIC DEBRIS 
TABLE 16-1 

Cr fwm) 
Size fradionlelcment A B C A 
Bulk Sample 

B C A B C 
" 284  1744 .. 500 1600 " 8 4 

2.0-6.0 mm 
0.25-2.0 mm 

3320  400  1780  1050  880  1600  160 5 2 

0.044-0.25 mm 
2 

0.004-0.044 mm 
2520  200  1980  745  267  970  162  4  3 

0.001-0.004 mm 
16 

3560  274  1148  1200  743  2300 553 10 
5 
11 

c 0.001 mm ._ 256  1468 -- 913  4100  770  13 12 

(A) Basal till near an Archaean  komatiite, central District  of  Keewatin 
(B)  Basal till near  Paleozoic  ophiolitc  complex,  Quebec  Appalachian  Mountains 
(C) Flow till forming lateral  moraine  of  modem  glacier,  on  Mesozoic  ophiolite  complex, Swiss Alps  near  Zermatt 

Bulk Sample: total sample finer than 6 mm. 
Explanation for Table 16-1 

2.0-6.0 mm 
0.25-2.0 mm fraction  composed  of  mixture  of  rock  fragments and mineral  grains. 

fraction almost  wholly  composed  of  rack fragments. 

0.044-0.25 mm sand and coarse silt; fraction composed almost wholly of mincral grains,  dominated by quartz 

0.004-0.044 mm Silt: mineral grains dominatcd by quartz and feldspar. 
0.001-0.004 mm Clay;  mineral  grains dominated by phyllosilicates and other soft minerals. 
< 0,001 mm Clay and colloidal particles. 
Note: multiply mm by 1000  to obtain pm as in text and in other  tables and figures. 

Ni (ppm) As (pum) 

3220 294 1852 970 556 1500 157 13 

1856 236 1424 910 403 1020 245 

and feldspar (usually >go%). 
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SAMPLE  85SK  22265;  OXIDIZED,  SANDY, 
TABLE  16-2 

GRANITE-RICH  TILL,  NEAR  TANGIER  LAKE, 
NOVA  SCOTIA 

* Size fraction/ 
clcmcnt 

W Cu AS 

Bulk  Sample 
(ppm)  (ppm), (ppm) 

500 106  8 
2.0-6.0  mm  60  31  2 
0.25-2.0  mm  360 
0.044-0.25  mm 

53 
500 

3 
90 

0.004-0.044 mm 
6 

550  167 
0.001-0.004  mm 

13 
1800 

< 0.001  mm 
500 

> 2000 
45 

609  80 

SAMPLE  90KAL-001:  OXIDIZED.  SLATE-RICH  BASAL 
TABLE  16-3 

TILL  OVERLYING  GOLD-BEARING  QUARTZ  VElN  IN 
GABBRO,  NEAR  ST-MAGLOIRE,  QUEBEC 

APPALACHlANS 

.~ ~ ~~ 

* Size  fraction/ An AS Sb 

< 0.064  mm 624  207  0.6 
element (ppb) (Ppm). ( P P ~ )  

0.064-2.0 mm 399  120 
0.002-0.064  mm 

0.5 
838  215  0.7 

< 0.002  mm  83  34 1 1.6 

SAMPLE  XOAR-0772:  SANDY.  CLAY-POOR.  PEBBLY  TILL. 
TABLE  16-4 

GRENVILLE OFEAST ONTARIO 

* Size  fraction/ As Zn  Cn 

42  56  15 
element 

Bulk Sample 
(wm) (ppm). (wm) 

2.0-6.0  mm  2  40  7 
0.25-2.0  mm  21  38  8 
0.044-0.25 mm 12  42 X 
0.004-0.44  mm  189  65  16 
0.001-0.004 mm  630  385  165 
< 0.001 mm .. 830 440 

'See Table 16-1 for explanation. 

SAMPLE  85TR-041:  TILL,  COMPOSED M0S::LY OF 
TABLE  16-5 

WEATHERED,  TIN-BEARING  GRANITE,  NEAR  ROCKY 
BROOK,NEW  BRUNSWICK 

"- 
* Size  fraction/ 

element 
Sn U Mn Fe AS 

Bulk Sample 20  5.2  175 1.0 
2.0-6.0  mm  21  1.9  83  0.3 

< 2  
< 2  

0.25-2.0  mm  20  3.5  169  1.0 < 2  
0.044-0.25  mm  41  4.3  400  1.4 
0.004-0.044  mm -- 13.3 X93 2.8 

2 

0.001-0.004mm  82  11.8  1255 3.1 25 
10 

< 0.001 mm -- 11.3  1528  3.2 30 

(wm)  (wm) ( 5 2  (ppm) 

SAMPLE  80SMA-192:  NEAR-SURFACE  BASA.,  TILL, 
TABLE  16-6 

CENTRAL  DlSTRICT OF KEEWATIN 

_" 
* Size  fraction/ Pb u MO 

element 
As 

Bulk  Samplc  136  1.7  8  23 
2.0-6.0  mm  168  0.9  8  5 

(wm) (ppm) ( P P ~ )  ( P P ~ )  

0.25-2.0  mm  74  1.1  4 7 
0.044-0.25  mm  44  1.2  6  8 
0.004-0.044  mm  102  5.5  6 25 
0.001-0.004  mm  570  8.0  15 76 
< 0.001 mm 1300  2.6 26 112 

" 

SAMPLE  8-AR-0109: OXDIZED, ICE-CONTACT, 
TABLE  16-7 

GRAVEL, POORLY SORTED,  GRENVlLLE OF 
EAST  ONTARIO 

_" 
* S i z e  fraction/ C" Ni Cr 

element 
Bulk  Sample 
2.0-6.0  mm 

56 
36 

326  935 
387 

0.25-2.0  mm  27  213  690 
1116 

0.044-0.25  mm 27 
0.004-0.44  mm  152 

22 1  1093 
66 1  1284 

0.001-0.004  mm 
< 0.001 mm 

267  982 
484 

1212 
1228  1111 

(ppm) (ppm) 6 ~ )  

_" 
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Figure 16-2. Profile of nickel  concentrations  in three size fractions of till along the axis of a dispersal  train  extending  southeastward 
from  ultramafic  source  outcrops  near  Thetford  Mines,  Quebec  (modified from S h i h  1991). 

silt sizes  is illustrated by Figure 16-2, which  depicts the ac- 
tual long  profile (dispersal curve) ofa  nickel dispersal train 
from the ultramafic outcrops (serpentinized peridotite, py- 
roxenite)  near Thetford Mines, QuCbec. In this example, 
nickel-bearing  serpentine group minerals  were  preferen- 
tially concentrated in  the  clay  fraction because of their soft- 
ness.  The  coarse  silt  sizes  (44-64pm)  also  contain 
serpentine, but  its nickel signal is mostly obscured by the 
high concentrations of quartz  and feldspar in  this  fraction, 
so that its  geochemical dispersal signature  is  detectable  only 
near the  source outcrops. The signature of the -64-micron 
fraction  falls  between the clay and silt  curves and reflects 
clearly the influence ofthe nickel concentration in its -2-mi- 
cron component. The coarse silt  accounts  for  only 17% of 

not  depicted here, some  clay separates from till down-ice 
the nickel signal in  the most nickel-rich samples. Though 

ppm nickel, a concentration  higher than that in the bulk 
from the ultramafic outcrops  contained  as  much  as  2800 

bearing phases are presumably diluted by other silicates. 
analyses of the source rocks. In the source rocks, nickel- 

PROCEDURE 

of the chemistry of the "clay" fraction (henceforth taken  to 
Once the importance of understanding  the relationship 

mean < 4 ~ m  or <2pm  fraction)  to till provenance was rec- 
ognized, a program to  study geochemical partitioning of till 
samples was undertaken in 1980, based on  the analysis of a 
large number of clay  separates from tills from diverse geo- 
logical settings throughout  Canada completed in  the 1970s 

time, a group in Finland, recognizing the same phenome- 
(Lindsay and Shilts, 1995, this volume). At about  the  same 

non, undertook a similar  partitioning study. The preliminary 
results of both of these  studies  were coincidentally publish- 
ed in a special  issue of the Journal of Geochemical Explo- 

present paper expands on those results and  on a further dis- 
ration in  1984 (Shilts, 1984; Nikkarinen ef al., 1984). The 

cussion of them published in  1991 (Shilts, 1991). 
In 1980, a suite of 30 glacial  sediment  samples  and  one 

gossan sample that had been processed inthe Drift Sedimen- 
tology Laboratory of the Geological Survey of Canada  was 
selected for  partitioning  studies on the basis of chemical 
compositions. Samples  were  chosen  to  represent anomal- 

commonly determined at that time  (Cu, Ph, Zn, Ni, Co, As, 
ously high concentrations of most of the elements that were 

Ag, Cd, U, Hg); a number of samples  with "normal" or back- 
ground metal concentrations of these  elements were also 
selected. The  sediment  samples  came from a variety of geo- 
logical terranes, Archean  greenstone belts of central and 
northern  Keewatin, Precambrian Grenville metasedimen- 
tary belts of eastern Ontario, the ophiolite belt of the Appa- 

modem till in tbe lateral moraine of Findeln Glacier in the 
lachian  Mountains  of  southeastern QuCbec, and  from 

years  these  samples  were  supplemented by flow till from 
ophiolite belt ofthe high  Swiss Alps, near Zermatt. Over the 

near the zinc mines at  Franklin Furnace, New Jersey, till 
overlying  platinum group and  nickel  mineralization  in 
northern Ungava and till overlying  tin  and  tungsten pros- 
pects in  New  Brunswick  and  Nova  Scotia, respectively. The 

ples and a gossan, but  were  primarily of tills  with a variety 
samples  as a whole included a few  ice-contact gravel sam- 

of textures. The tills and gravels included  both obviously 
weathered and unaltered examples. The alteration  status  and 
facies of the  samples  are  indicated  on  Figures 16-3 and 4. 
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Figure 16-3. Bulk  analyses of GO00 micron  fraction  plotted  against  reconstituted  analyses  obtained  by  summing  metal  corctributions 
of each  grain-size  fraction (also see Table 16-1) for till and  related  sediments.  (Figure  continued on next  page.) 

Paper 1995-2 
"- 

153 



G H 

I J 

Figure 16-3. Continued. 
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Figure 16-4.  Relationship of metal  extracted from 1 to  4-micron  fraction of glacial  sediments by total  extraction processes to metal 
leached by aqua regia. 
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ametaphosphate  solution  and  disaggregated in a  stainless 
Each  sample  was  suspended  in  a weak sodium  hex- 

steel  milkshake  mixer  with  a  Nalgene blade. The  sediment 

this  vigorous  agitation was decanted into a  1000-millilitre 
left in suspension  aiter  a  few  seconds of settling  following 

the  material  finer  than  4  microns was separated from coarser 
vessel in a centrifuge. Through  a  series  of  centrifugations, 

particles, and  the  -4-micron  sediment  was  further split into 
a 1 to 4-micron  fraction  and  a  -1-micron  fraction. 

The  particles  coarser  than  4  microns  were  dried  and 
sieved  through  a  44-micron screen, producing  a  4 to 44-mi- 
cron fraction. Because it is virtually impossible to remove 
all  clay-sized  particles  from  suspension of silt  and  clay 

the fine silt.  Although it is estimated that over  90% of the 
(Jackson,  1956, p. 139), some are inevitably trapped  with 

clay in the  sample was removed by three resuspensions  of 
the silt-clay  mixture,  the  lack of  control  on  the  amount  of 

error in estimating  the silt's true geochemical  composition. 
clay  remaining in the  silt  separate may be a  source  of  some 

with  higher original clay  contents; this must be borne in 
Moreover, this  error is likely to be more  serious in samples 

mind when evaluating the results  presented below. 

pended  silt  and clay  was dried and was split further into 
The  coarse material  remaining  after  decantation  of sus- 

several grain-size fractions  using stainless steel sieves. The 
fine sand - coarse  silt  fraction (250-44p)  was added to 
coarser  particles that  failed  to  pass  the  44-micron sieve dur- 
ing  silt separation. Finally, a bulk sample was split from the 
original  sample  and  dried,  disaggregated,  and  passed 
through  a  6-millimetre  sieve. 

were available for analysis:  a bulk sample, with  less  than  6 
After  these  procedures,  the  following seven  fractions 

millimetre  (6000gm)maximumparticle size; a6000  to2000 
micron fraction; a  2000 to 250  micron fraction; a  250 to 44 
micron fraction; a 44 to  4 micron fraction; a  4 to 1 micron 
fraction; and  a  less than 1 micron  fraction  were available for 
analysis. 

(<63gm)  powder  using  a ceramic  rather than  a  tungsten car- 
After  drying,  each fraction  was crushed  to  a  fine 

bide  ball  mill to minimize  the potential for tungsten  and 
cobalt  contamination.  Throughout  the  sample  preparation 
procedure,  each  step was carefully monitored to ensure that 
fractionation was complete  and that each fraction was un- 
contaminated by coarser or finer particles. Only distilled, 
deionized  water  and  reagent-grade  sodium  hexametaphos- 
phate  were used for washing  and  centrifugation.  Chemical 
analyses  of  the  metaphosphate  indicated  that  all  metals  dis- 
cussed here  were  present in amounts below detection limits 
of the analytical  procedures  applied to the fractions. 

Each of the  fractions  was  subjected to a variety of ana- 
lytical  techniques (see Table 16-8). Selected  l to 4-micron 
fract ions  were  a lso  leached  with  hot   aqua  regia  
(HNOdHCI),  and ammonium citrate  and  sodium dithionate 
leaches  were  used to remove  loosely held metal  from the 
clay  and  oxide  phases, respectively. The latter data are not 
presented  here,  but are pertinent to later  discussions  and 
were  discussed briefly by S h i h  (1984). 

ANALYTICAL  TECHNIQUES 
TABLE 16-8 

PA 
ICP 
Am 
Am 
!Nu 
XRF 

RESULTS AND  DISCUSSION 
Because  some  of  the  separations  (44bm  particles)  re- 

quired  suspension in distilled  water  and  centrifugation, 
there  was  some  concern  that  loosely  held  metal  could be lost 
from the phyllosilicate  phases,  particularly for weathered 
samples. To evaluate this phenomenon,  a  method  of  cam- 
paring the cation  contribution  of  each  size  fraction to the 
bulk composition  of  a  sample was  devised.  By  determining 
the size  distribution  ofeach sample  using  standard sieve and 
pipette techniques,  it  was  possible to calculate or estimate 
the  weight  percent  of  each  geochemically  analyzed  size 
fraction,  assuming that the  total  sample would pass  a  6-mil- 

the trace element  concentration in grade  permitted deriva- 
limetre sieve.  Multiplying the weight  percent in grade by 

tion of  a  contribution  of  metal from each  fraction,  assuming 
100% efficiency of the extractions.  Summing  these contri- 

rectly to the  "total"  metal  derived  from  analysis  of  the 
butions  yielded  a  concentration  that  could be compared di- 

pulverized bulk sample (Table  16-9). In most  cases  the  re- 
constituted analyses  match  the  bulk  analyses  fairly  closely 
(Figure 16-3), indicating that, for these  samples,  the  physi- 

the true trace  element  distribution by size. 
cal  partitioning  procedure is giving  an  adequate picture of 

with  few reconstituted samples  approximating  the  original 
Only mercury  and  arsenic  show  significant variability, 

hulkanalysis  (Figure 16-3). This probably  reflects anumber 
of  analytical  and  sample  processing  problems  unique to 
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TABLE 16-9 

RECONSTITUTED  TILL  TO BULK  ANALYSES 
CALCULATIONS FOR COMPARING 

Sample 80SAR009: oxidized till, Grcnvillc  Terrane, E. Ontario 

* Grain  Size 

2.0-6.0 mm 
Bulk Sample 100 36  36  18  18  230  230 

0.48 6 0.0 2 0.0 26 0.1 
15 I5 

0.25-2.0 mm 23.5 23 
3 0.0 

5.4  14  3.3  145  34.1 I5 3.5 

inGrade (ppm) %inG'rade (ppm) ingrade (ppm) %ingrade (ppm) %in% Wt % Cu Cur Pb  Pb Zn Znx Co C o x  
" 

0.044-0.25 mm 31.6 I9 6.0 I2 
0.004-0.044 mm 35.1 35 

3.8  125  39.5  8 
12.3  18  6.3  196 

2.5 

0.001-0.004 mm 
68.8 I2 

4.6 I I O  5.1 32 
4.2 

< 0.001 mm 4.6 156  7.2 44 
1.5 540 
2.0 910 

25.1  31 1.4 
42.2 45 

Total Rceonntituted 36 17 210 14 
2.1 - 
" 

* Grain Sire Wt% Ni N i x  Cr Crx Mo M o x  Mn M n x  Fe Fer 
in Grsde (ppm) % i n  (ppm) % i n  (ppm) %in  (ppm) % i n  (%) %in 

grade grade grade grade  grade 

" 

Bulk Sample 100 26  26 54  54  5  5 680  680 3.6  3.6 
2.0-6.0 mm 
0.25-2.0 mm 

0.48  4 
23.5 20 

0.0 
4.7 38 8.9 5 

18 0.1 4 0.0 172  0.8  0.5 0.00 

0.044-0.25 mm 31.6  14 
1.2  700 164.7 2.5  0.6 

4.4 48 15.2  2 
0.004-0.044 mm 35.1  30  10.5 70 24.6  6 

1.0 550  173.7  2.6 0.8 
2.1 595  209 4.0 1.4 

0.001-0.004 mm 4.6  76 3.5 I10 5.1 8 
< 0.001 mm 

0.4 860 39.9  5.5  0.3 
4.6  134  6.2 110 5.1 I2 

Total Reconstituted 19 59 5 654 3.4 
0.6 1420  65.9  6.4 0.3- 

" 

" 

Sample  80LAAMK-025:  unoxidizcd till, Archean  volcanic  terrain,  central  District of Kcewatin 

* Grain Size % Cu Cux P b   P b x  Zn 
in (ppm) 

Z n x  Co C o x  
% i n  (ppm) % i n  (ppm) % i n  

Bulk Samplc IO0 i45  145 665  665 
Grade Grade 

54 
2.0-6.0 mm 10.04 74 

54  7 
7.4  450  45.2 70 18 1.8 

7 
7 

0.25-2.0 mm 24.47  50  12.2  330  80.8 46 
0.044-0.25 mm 27.6 

11.3 
43 

IO 2.5 
11.9 250 

0.004-0.044 mm 
69 

25.87 124 32.1  490 
37 10.2 3  0.8 

126.8 50 
0.001-0.004 mm 

12.9 
6.01  816 49  2600 1.2 13 

4 
156.3 120 

I .o 

< 0.001 mm 6.01  1390  83.5 4000  240.4  192 11.5 
0.8 
I .o 

Total  Rcronstitutcd 196  718  60 7.9 

" 

Grade (ppm) Gradc 
" 

16 " 
" 

* Grain Size % Ni N i x  Cr C r r  U U x  M n  M n x  Fe Fe,:  
% i n  (ppm) % i n  (ppm) % i n  % %ill  in (ppm) % i n  

" 

Grade Grade (ppm) Grade Grade Grade Glade 
Bulk Samnie 100 31  31 78 78 8.5 8.5 260  260 2.1 2.1 

" 

2.0-6.0 mm 
0.25-2.0 mm 

10.04 72 7.2 200 20.1  8  0.8 450 45.2  3.4  0.34 
24.47  25 6.1 70 

0.044-0.25 mm 27.6  18  5.0  56 
17 3.9 1.0 278 68.0  2.2  0.54 
15.5  3.7 1.0 180  49.7 1.4  0.39 

~~r~~ ~~ 

0.001-0.004 mm 
0.004-0.044 mm 25.87 20 5.2 78 20.2  8 21  190 49.2 2.0 0.5i 

6.01 52 3.1  175  10.5 44 2.6 344 20.7  4.3 0.2f 

Total Reeonsfitutcd 
< 0.001 mm 6.01 72 4.3 228 13.7 I I  0.7  400 24.0 5.5 s- 

31 97 8.Z 257 2.4 - 

'See Table 16-1 for explanation 
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these two elements:  analytically, the cold vapour AAS tech- 
nique for  mercury and the colorimetric  technique  for  arsenic 
are notoriously prone  to  operator and other errors, leading 
to lack of precision and  accuracy;  the  volatile nature of mer- 
cury probably magnifies errors associated both with various 

processes  associated  with  disaggregation  of a sample  in 
lengths of time  that  samples  were  stored,  and with physical 

water. 

stituted  analysis  is  significantly  lower than the bulk analysis 
For  some  exceptionally  anomalous samples, the recon- 

(see Cu  and Ph, for  example),  probably because a significant 
amount  of  metal  stays in the  solution  that  is  decanted  after 
the finest  clay ( < l p )  is  sedimented  by  centrifuging (see 
Lindsay and  Shilts, 1995, this  volume).  Colloids and parti- 
cles  finer  than  about 0.3 microns are virtually impossible  to 
remove by centrifuging,  and  were  discarded (see Lindsay 
and  Shilts, 1995, this volume), indicating  that the fraction 
identified as " micron" actually has a size  range  of 0.3 to 1 
micron. In fact,  all  clay  separations  carried  out on samples 
prepared  in  the  Drift  Sedimentology  Laboratory  have a 
lower size limit at  about 0.3 micron. 

In addition to the  test ofaccuracy in partitioning  analy- 
ses  of the various  grain-size  fractions,  experiments  with se- 
lective or partial  leaches  were  carried  out (Shilts, 1984). 
Among  these,  concentrations derived from  "total"  extrac- 
tions  from the 1 to 4-micron (clay)  fractions  were  compared 
to  the hot, aqua  regia  extraction  commonly  employed  for 
drift  geochemical  analysis.  It  can be seen  (Figure 16-4) that 
in this phyllosilicate-dominated size  fraction, copper, zinc 
and, to a lesser extent,  manganese  are  essentially  totally re- 
moved from the clay  fraction  by  either leach, indicating  that 
the routinely used aqua  regia  leaches  are  essentially  total 
extractions  for  these  three metals. More iron and  chromium, 

however, are  extracted by the total  leach than by  aqua regia, 

appears  to be leaving 25 to 50% of the  iron  and a lesser 
a gossanous  sample  being  the sole exception.  Aqua  regia 

amount  of  chromium in the clay, an empirical  observation 
that  cannot  be  adequately  explained  at  this  time.  Perhaps  the 
clay  fraction  of  tills and derived  sediments  contains  "back- 
ground" concentrations  of  crystalline iron oxides (Hall et 
ai., 1993) such  as  hematite,  which is known to  concentrate 
in sub-4-micron sizes because ofits soil nature, and can only 
be broken down by submitting  samples  to a strongly reduc- 
ing  attack.  Possibly  chromium  may  be held in magnetite or 
other  micro-inclusions in clay-sized  grains, but no such in- 
clusions  were  seen in scans  with  an electron microscope. 
Limonitic  iron  oxides  that  reside  in  the  clay  fraction  of 
weathered sediments  because  of  their  fine  crystalline  size 
also  may be resistant  to  aqua  regia  attack. 

by the  arithmetic and logarithmic  plots  of  grade size  against 
The  results ofthe partitioning  analyses are represented 

concentrationfortheinitial30samplesculledfromour1980 
programs  (Figures 16-5  and 6) .  Although  there  is  consider- 
able  vertical  scatter  of  concentrations  within  each  grade  size 
cell, it can be  seen  that for most  of the  elements,  concentra- 
tions  increase in the  finest, phyllosilicate-dominated sizes. 

those  derived  from bulk analyses  by a factor  of 10 or more 
The  concentrations in the  most  anomalous  samples exceed 

for  seven  of the eleven  elements  analysed. 

arithmetic  plots  of copper, arsenic  and  uranium  (Figure 16- 
The  significance  of  this  enrichment  is  apparent on the 

5). which  have  been  broken  down  into  background  and 
anomalous groups. Tables 16-1 to 7 and 10 demonstrate, by 
listing  actual  concentrations, just how  significant geochemi- 
cal  partitioning  can he by grain  size  for  some ofthe  elements 
shown  graphically  by  Figures 16-5 and 6 and  for  other ele- 

Figure 16-5. Arithmetic  plot of arsenic, uranium, and  copper in various  grain  sizes  of  glacial  sediments with background (left side 
figures) and  anomalous  (right  side figures) concentrations  (modified !?om Shilts, 1984). 
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Figure 16-6. Logarithmic  plots of the  ratio of trace  metal  concentrations  in selected  size  fractions <6000 micron to concenmti m s  in bulk 
(<6000pm) fractions.  Lateral  spread of dots in size fraction cells is for convenience of plotting.  Heavy  lines are  estimated  trmds  drawn 
by hand  approximately through median values. 
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PARTITIONING  IN  TILL  OVER  ULTRAMAFIC  BEDROCK, 
TABLE 16-10 

NORTHERN  UNGAVA,  QUEBEC 

Raglan 3** Pd rt Ni co Cr C" A" 

Bulk Sample (< 6.0 mm) I100 330  2966 
< 0.063 mm (silt + clay)  980 

91  1305  4460  120 

2.0- 6.0 mm 2100  500  2579 91 2360  4230 
210  3466  84  669  5400 

620 
160 

0.25-2.0 mm 1400  490  3249 
0.063-0.025 mm I100 

117  1760  4430 
220  2306 

230 

0.045-0.063 mm 900 
79 

180  2164 
904  3380  130 

0.002-0.045 mm 720 
62  913  3300 

300  2418 
160 

< 0.002 mm 2300  882 >10000 60 
72 

110 6355 
629  3620 

118 
210 

(wb)  (wb) (wm) (ppm) (ppm) (wm) (ppb) 

Raelan 5"' Pd Pt Ni c o  c r  C" 

2.0-6.0 mm 
< 0.063 mxn (silt + clayj 100 96  592 41 407  433  44 

130  85 
0.25-2.0 mm 140  75 

727 
674 

60  1440  411  4 

0.063-0.025 mm 
64 1010 436 

110 
6 

50  446  40 
0.045-0.063 mm 68 100 406  34  469  291 

538  346 8 

0.002-0.045 mm 78  70  490 
34 

37 
< 0.002 mm 

445  344 
390  70 1601  104  1045  1405 I O  

26  

Samples collected and donated  by  Michcl  Bouchard,  Univcrsit6 de Monn%al 
** Sample o f  strongly altered till collected from a mudboil 8 m  down-ice from PGEhlphide 

*** Samole ofamarenth unaltered till collected from til l  plain 170 m down-ice and downslope 
mineralization 

from go& ;ea RigIan 3 

ments  not  included in the original  analysis (W, Cd, Au, Sb, 
Sn, Pd and Pt). Each  element  appears  to have a  particular 
"fingerprint" of concentration  ranges  through  various  grain 
sizes,  a  further  confirmation  that  the  terminal  modes of min- 
erals  hosting  these  elements vary. Furthermore, the  tables 
indicate  the  significant  influence  that the finest  fractions  of 
glacial sediments have on their overall chemistry. 

CONCLUSIONS 
The  conclusions  drawn  from  this  study  of  the  geo- 

chemical ramifications of physical  partitioning  of  mineral 
phases into various  grain  sizes by glacial  abrasion  and 
crushing are  empirically  straightforward, but conceptually 
in need of  further  study and explanation: 
(1)It is  obvious  that  for  most  trace elements, concentrations 

are  lowest  in  the quartz-dominated medium sand to  fine 
silt ranges and  significantly elevated in the  fine  silt and 
clay  fractions.  Because  the  samples  analyzed  were  a  mix 

altered by weathering  to  samples  that  are  virtually unal- 
of  depositional  facies and ranged from  samples strongly 

primary  mineralogical  characteristics of the original gla- 
tered, the  consistency  of  trends  must be related largely to 

pacity  (CEC) of glacial  sediments  resides  in  their 
cia1 sediment. Though  most  of the cation exchange ca- 

clay-sized  fraction because of  the  dominance of phyl- 
losilicate minerals, secondary  adsorption  does  not  affect 

noticeably more  than  those  that  are  virtually unaltered 
samples  from the near-surface  weathering  environment 

(Shilts, 1984; S h i h  and  Kettles, 1990). Thus, increased 
concentration of metals in phyllosilicates  probably  re- 
flects the ability of their  lattices  to  accept  stray  cations 

into  their  structure  at  some  phase  of  their  evolution,  evi- 
dently before they were  ripped  from  their  hostrocks by 
glacial grinding. Further  selective  leaching ofthese frac- 
tions,  described by S h i h  (1 984), and extensive  searching 
through  anomalously  metal-rich 0.3 to 2-micron sepa- 
rates  with  a  scanning  electron  microscope with backscat- 
tering  capabilities,  failed  to  show  either  any  evidence of 
loosely held cations on clay  particles  or  of micro-inclu- 
sions or of other  finely divided primary  mineral phases, 
such  as  sulphides. Evidently, in the  samples  examined 
here, metal enrichment in the  clay  fraction  can  be  a pri- 
mary  phenomenon  related  to  syngenetic  geochemical 
processes,  such  as the enrichment  of  metals in clays 
around sea-bottom  volcanic  vents  or ion migration by a 
variety  of  processes  during  hydrothermal  activity or 
metamorphism.  This  problem  will  be  solved  only by car- 
rying out similar  partitioning  studies  that  focus  on  min- 
erals  that  physically  reduce  easily to clay  sizes, in source 
rocks in the vicinity of various  types  of  mineral deposits. 

(2)Geochemical  samples  containing  significant  amounts of 
high  exchange  capacity  components  (organic  com- 
pounds,  iron  and  manganese  oxyhydroxides, etc.) are 
chemically  rationalized  to  remove  uneven  adsorption  ef- 

metal-poor and metal-rich phases in varying  proportions, 
fects. Likewise, because fine  fractions  commonly  contain 

conventional  sieve-separation  of  these  fractions  must 
also be rationalized in some way. This  can be done  by 

(Shilts, 1971) or by  analyzing  for  aluminum,  which oc- 
simple  grain-size  analysis  of  the  fraction  analyzed 

curs preferentially, but not exclusively, in the  phyllosili- 
cate  phases  of the clay  fraction.  An  alternative  technique 
is to  separate the clay  fractions by centrifugation  and ana- 
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lyze  them directly (Shilts, 1975). This latter method has 
been widely and routinely used  by the Geological Survey 
ofCanada and  its contract clients since 1973 (see Lindsay 
and Shilts, 1995, this volume), hut it is expensive, re- 
quires careful quality control, and  is  not appropriate for 
exploration for metals that tend to occur in phases that 
have  their terminal modes in coarser grain-size fractions, 
such as chromium (chromite) or gold. For environmental 

larly useful, because this fraction not  only preferentially 
studies, direct  analyses of the clay fraction are particu- 

adsorbs pollutants due to its high exchange capacity, but 
it is the first to yield anthropogenically derived or natu- 
rally occurring  trace  elements as a result of  soil or sedi- 
ment disturbance by natural or anthropogenic physical 
(erosion, excavation, dredging) or chemical (acid rain, 
reservoir-filling, chemical disposal) processes. 

(3)Further research combining physical partitioning tech- 
niques similar to those described here with chemical par- 
titioning techniques, such as sequential leaching (Hall ef 
aL, 1993), should help explainmany  ofthe compositional 
phenomena revealed by this and similar studies. It  is par- 
ticularly important to understand processes controlling 
partitioning when evaluating the significance ofthe mag- 
nitude of anomalies generated by exploration geochemi- 

remediation of contaminated glacial soils  in environmen- 
tal sampling or in setting permissible metal levels for 

tally degraded terrains in urban areas and around various 
types of mines. 
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A  STANDARD  LABORATORY  PROCEDURE  FOR 

UNCONSOLIDATED  GLACIAL  SEDIMENTS  AND 
THEIR  DERIVATIVES 

SEPARATING  CLAY-SIZED  DETRITUS  FROM 

By P.J. Lindsay and W.W. Shilts 
Geological Survey of Canada - 

INTRODUCTION 
The following procedure for  separating clay-sized par- 

ticles from glacial sediments  has  been employed in the Drift 
Prospecting Laboratory of the Terrain Sciences Division of 
the Geological Survey of Canada  since 1973. It  is important 
tn recognize, when interpreting geochemical results from 
projects carried out by members or associates of this divi- 
sion, that the clay  analyses yield significantly different re- 
sults  from  those  obtained  from  dry-sieved  silt  and  clay 

cient clay-sized material for geochemical and X-ray diffrac- 
(<250 mesh or <64pm) samples. Using this method SUE- 

tion  analyses  has  been obtained from esker  gravels  (Shilts 
and  Wyatt,  1989),  till,  glaciolacustrine  sediments  and 
glaciomarine sediments. 

Equipment 
Centrifuge; International Centrifuge (IEC), Model DPR- 
6000,6-p1ace head with 1000-millilitre capacity and Nal- 
gene bottles. 
Milkshake mixer; modified by replacing  steel blade with 
Nalgene blades cut  from  heavy  gauge labware. 
Stainless  steel  mixer buckets; baffles removed. 
Sodium hexametaphosphate; 5 grams per litre in distilled, 

Nalgene cups; 100 millilitres (for drying clay). 
Stainless steel, long-handled spatula. 

Beakers; 250-millilitre (for washing and drying sand and 

Agate pestle or mortar and pestle for disaggregating dried 

deionized water. 

Drying oven, low temperature. 

granule oversize). 

clay. 

PROCEDURE 
Three hundred to five hundred-gram samples are re- 

moved from plastic bags, preferably in  fragments  or  chunks 
representing the  sample  as  it occurred in outcrop, and placed 
in a stainless  steel  milkshake mixer vessel, wet. It  is  neither 
necessary nor  desirable to dry the  sample.  Pebbles larger 
than 1 centimetre in diameter  are removed if possible, and 
before adding  about 200 millilitres of distilled, deionized 
water  to  which a small  amount of dispersant  has  been added 
(5 g/l of reagent grade sodium hexametaphosphate is good 
unless phosphorus is a metal of interest; trace element "pu- 
rity" of whatever  dispersant  is used must be confirmed). 

More  dispersant  can be added if problems with flocculation 
persist, but a minimum and  constant  amount is desirable as 
some dispersant is inevitably precipitated with the clay  dur- 
ing the final drying step. 

the end of the  milkshake mixing rod is replaced by a blade 
The normal stainless  steel blade that i s  screwed on to 

cut from  discarded  Nalgene labware. After  ccnsiderable 
testing, it  was  found  that  no metal blade survived long when 
disaggregating till, with  the result that considerable metal 
contamination could be found  in sand-sized heavy minerals 
derived  from  the  disaggregation  process. Th: Nalgene 
blades wear rapidly, but are very  cheap,  and  the easily rec- 
ognized Nalgene  residue is rarely found in the materials 
separated for analysis. 

mixer machine for approximately 30 seconds  and the slurry 
The  sample  and  water slurry is mixed on the milkshake 

is allowed to sit for 5 to 10 seconds  to  allow sand and coarser 
grains and aggregates tn settle. The slurry is then decanted 
into a 1000-millilitre centrifuge vessel. Another 200 milli- 
litres of metaphosphate solution  is added and the process 
repeated. After the second decantation, the prccess is re- 
peated once  more  and  the decanted, supernatant nolution is, 
by this time, fairly clean. The granule-sand residue rernain- 
ing  in the milkshake mixer is removed and set aside to dry 
for further  examination  of  pebble  lithology ('. to 6 mm 
sizes), heavy and light mineral analysis of the sand fraction 

chemical  techniques,  and  bulk  magnetic  susceptibility 
by  petrographic,  scanning  electron microsco,>e or geo- 

measurements of the sand fraction. 
The slurry from the three decantations is now  in the 

1000-millilitre centrifuge vessel which is "toppfd up" with 
metaphosphate solution to 750 to 800 millilitres,'depending 
on  sediment concentration. Once  six  samples have beenpre- 
pared  this way, the vessels  that  are  inserted on opposite sides 
of the centrifuge head are weighed, and metaphosphate so- 
lution is  added until their  weights  are  within l gxam of each 
other, so that the six-place centrifuge will be balanced. 

The  next  procedure is critical  for  adequate clay-silt 
separation, and  lab  staff should be trained to cmry  it out in 

which is closed with a screwtop, must be shaken'briefly  and 
a consistent and careful manner. The  six vessels, each of 

vigourously so that  all  sediment is suspendec . Then,  as 
quickly as possible, the  vessels  should be placed in the cen- 
trifuge and the centrifugation process begun. TI)  cause the 
silt (particles 2 to  64pm in diameter) to settle, the DPR-6000 
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centrifuge must he accelerated to  750  rpm as rapidly and 

minutes, after which it is decelerated rapidly and smoothly 
smoothly as  possible and must he held at 750 rpm for 3 

to a stop. The  supernatant  suspensions  are poured carefully 
into six more 1000-millilitre centrifuge vessels, being care- 
ful  not  to resuspend the silt sedimented by the first centrifu- 
gation.  Jackson  (1956)  estimates  that  about  75% of the 
-2-micron fraction  is removed from the siltlclay suspension 
by this  first centrifugation. If the original  sample is clay- 
poor  or  too small to  recover  adequate clay, the settled silt 
and clay  may be resuspended and  the  centrifugation separa- 
tion repeated. In most  cases  this  is  not necessary, and  in  any 
case, after  the second or third centrifugation, very little of 
the remaining approximately 10% of  clay can  he recovered. 
The  silt  with  its included clay  component  is discarded in  our 
procedure. 

are topped up and the  vessels carefully balanced, the sus- 
After  the clay suspensions in the second set of vessels 

pensions  are  centrifuged  at  2800 rpm for a further 14 min- 
utes. After  this time, some  clay and  colloids  remain  in 
suspension, but  further  centrifuging will cause little of this 
very fine  sediment to settle. Electron microscope scans of 
clay  particles separated using this procedure show that more 
than 99% ofthe particles  range from 0.3 to 2 microns in  true 
maximum  dimension and, furthermore,  that  they  consist 
predominantly of plate or disc-shaped aluminosilicates. 

The final supernatant solution  is discarded, again  being 

the bottom ofthe vessel during decantation. At this point the 
careful  not to resuspend any of the sedimented material on 

colour of the sediment  surface  and  colours of any handing 
in  the centrifuged sediment  should  be noted. These colours 
and bandings  may  have mineralogical and geochemical sig- 
nificance (Shilts, 1978). The sedimented clay  is removed 
using a long-handled stainless steel spatula. Removal of the 
sticky, sedimented clay  'cake'  may  he facilitated by adding 

trifuge vessel while it is vibrated at  high frequency on the 
a very small amount of distilled, deionized water to  the  cen- 

rubber pad of a vortex mixer. At this point, if clay minera- 
logical analysis is  to be carried  out  in  addition  to geochemi- 
cal analysis, the wet  sample  can he suhsampled, and smear 
or other suitable mount(s) can he prepared for further chemi- 

the  sample  to be used for geochemical analysis is placed in 
cal treatment and X-ray diffraction analysis. The portion of 

a small, disposable weigh boat and dried at  less than 75°C 
(<4OoC if Hg analyses are to  he done). The dried sample  is 
then disaggregated using an agate mortar and pestle or  any 
convenient, noncontaminating technique (the dried clay  can 
be quite hard  and difficult to pulverize). The powdered sam- 
ple  is submitted for geochemical analysis. 

The  procedure described above  is used routinely at  the 
Geological Survey of Canada  to process till samples. It  has 

been transferred to  the  private  sector  where a variety of cen- 
trifuge types  are used. The  centrifuge  speeds  and concen- 
trating  procedures  have  to  be  modified  to  obtain  the 
appropriate size distribution, and this should he carefully 
monitored among laboratories. Also, if smaller  centrifuges 
are used, the clay-silt fraction  can  be preconcentrated by dry 
sieving, a procedure  we followed in  our  early application of 
this method. Tests of the  wet  and dry methods of precentri- 
fuge  disaggregation  showed,  however,  that Considerable 
disparity in  trace  element  concentrations  was  evident in the 
same  sample [e.g. for uranium; Klassen  and Shilts, 1977). 

niques  involvingdryinghe  employed.  Finally,althoughcen- 
Thus, it  is  not  recommended  that  preconcentration tech- 

trifuges  have  been  used to increase  the  value  of g and, 
therefore,  decrease  the  time  to  settle a set distance from 

settling  columns  or  calibrated beakers, hut the time required 
Stoke's Law of settling,  similar  results  could  he obtained in 

can he done: using  various  types of centrifuge  to increase g 
for  each  sample is greater. In  other words, the  separations 

sels  are  the bcst); by a combination of settling (to remove 
(centrifuge heads capable of accepting 1000-millilitre ves- 

silt)  and  centrifugation (to remove clay); or  totally  by set- 
tling, processing  many  samples  in  sequence, so that eventu- 

dried at the same rate as new  samples  are  being suspended. 
ally those for  which  the  clay  has  settled  (in  days) are being 

tion. 
This  technique  requires  considerable  space  and organiza- 

If a procedure were  followed  where  the  large  amount 
of liquid resulting from the  high liquidsolid ratio  in the clay 

time, the fine clay particles  and  colloids  could  also  be added 
suspensions  could  he .evaporated in a reasonable length of 

to  the  analyzed  clay sample. However, practical  and chemi- 
cal problems arising from the  concentration of deflocculants 
and adherence of colloidal  materials  to vessel walls proh- 
ably obviate the need for  the total evaporation method. 
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TILL GEOCHEMISTRY OF THE MOUNT MILLIGAM  A:REA, 

RECOMMENDATIONS  FOR  DRIFT  EXPLORATION FOR 
NORTH-CEN!IRAL  BRITISH  COLUMBIA; 

PORPHYRY  COPPER-GOLD  MINERALIZATION 

By S.J. Sibbick, B.C. Geological Survey  Branch 
and D.E. Kerr, Geological Survey of Canada "- 

INTRODUCTION 
The successful design and interpretation of a regional 

drift exploration survey requires information regarding the 

posit being sought. Key factors  to determine include: the 
geochemical response of the  drift  to  the  type of mineral de- 

elements  which  reliably  indicate  the  deposit type (path- 
finder elements); residence sites ofthe pathfinder elements; 
and their characteristic style(s) of dispersal and dispersion. 
These  factors  can  then  be assessed to develop guidelines for 
selecting the most appropriate size fraction, sampling den- 
sity and analytical techniques. Moreover, this information 
is essential  for interpreting existing data, including path- 
finder  elements,  their  anomalous thresholds, and charac- 
teristic spatial patterns and length of dispersal trains. 

chemical drift exploration surveys. As thefirst den'vative of 
Till is  the preferred sample medium for regional geo- 

bedrock (Shih,  1993), till represents comminuted bedrock 
debris  or  older  surficial  sediments  entrained, transported 
and deposited by active glacial ice. Till, of all glacial sedi- 
ments,  most  commonly  reflects  the  composition  of  its 
source area. Further, although  it  may  have undergone more 
than one glacial episode, its location can  often be directly 
related to interpreted ice-flow patterns and history. 

Porphyry-style mineralization is particularly suited to 
regional-scale till surveys, given the large size of the min- 
eralization-alteration systems involved. The Interior Plateau 
ofBritish Columbia has received considerable interest as  an 
area of high  mineral potential for porphyry-style minerali- 
zation. For instance, the  Mount  Milligan porphyry copper- 
gold deposit  and  surrounding region has attracted an array 
of geological, geochemical and geophysical studies by in- 
dustry, government and university scientists. In addition to 
numerous industry exploration programs, these include bed- 
rock mapping by Nelson et al. (1991) and S m i k  (1992), 
mineral deposit  studies by DeLong et al. (1991), surficial 
geological  mapping by Kerr  (1991) and  Plouffe  (1991, 
1992). geochemical  studies by Gravel and Sibbick (1991) 
and geophysical mapping by Shives  and  Holman (1992). 
Preliminary results of a regional  till geochemical survey in 
the  adjoining  Manson  River and Fort Fraser map areas @ITS 
93K and 93N) have recently been released by Plouffe and 
Ballantyne (1993). In order  to improve the design and inter- 

pretation of regional till surveys  for porphyry ccpper-gold 
exploration, a detailed geochemical orientation s m e y  was 
conducted  in  the  vicinity of the  Mount  Milligan  deposit 
(Kerr and Sibbick, 1992). 

DESCRIPTION OF THE  STUDY AREA 
The  Mount  Milligan  study  area,  centred :It latitude 

55"07'N and longitude 124"00'W, is located approximately 
150 kilometres northwest of Prince George in north-central 
British Columbia (Figure 18-1). The  area is acczssible by 
logging  roads from Fort St. James and from Windy Point on 
Highway 97. Access  within the study  area is  limit.:d. Explo- 
ration roads network the western third of the area near the 
Mount Milligan deposit, but  access  to the eastern.wo-thirds 
of the area is restricted to a few roads of limited ,:xtent. 

acterised by a relatively flat  to hummocky plain at 1000 
Located on the Nechako Plateau, the study area  is char- 

metres elevation, bounded on the west and east by north- 
trending ridges of 1300 to  1500 metres elevation. Mount 
Milligan, 5 kilometres north of the  Mount  MiIligm deposit, 
rises to an elevation of 1508 metres. 

Figure 18-1. Location of the  Mount Milligan study  area. 
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REGIONAL  GEOLOGYAND 
MINERALIZATION 

MountMilliganarea(Nelsonetal., 1991).TheQuesnelTer- 
Takla Group  rocks  of the  Quesnel Terrane underlie  the 

rane is an early  Mesozoic  island-arc  sequence  hounded on 
the west by  oceanic  rocks  of the Cache  Creek Terrane and 
on the east  by  oceanic  rocks  the Slide Mountain Terrane. 
Metamorphic  rocks  of the Wolverine Complex  are  also in 
contact  with  the  eastern  boundary  ofthe Takla GroupIQues- 
ne1 Terrane (Struik, 1992). Takla Group  rocks  consist ofUp- 
per  Triassic  sediments,  volcanics,  pyroclastics  and 

Jurassic  age,  intrude the Takla Group. 
epiclastic  sediments. Numerous  coeval plutons, up to early 

The  Mount  Milligan  deposit  (Figure 18-2) is  centred on 
Early Jurassic  crowded  plagioclase-porphyritic  monzonite 
intrusions  known as  the  MBX  and  Southern Star  stocks 
(Nelson et al,, 1991). These, and numerous  smaller  stocks, 

porphyry  agglomerate, trachyte  breccias  and  flows,  and 
intrude  Upper  Triassic Takla Group  augite  (fplagioclase) 

bedded  epiclastic  sediments  of  the  Witch  Lake  formation. 
Directly east of the  intrusions, the Great  Eastern  fault  jux- 
taposes Takla Group  rocks  against  Eocene  continental  sedi- 
ments within an  extensional basin (Nelson et al., 1991). The 
eastern  half  of the study  area  is  underlain  by  Witch  Lake 
formation,  as  well  as  basalts and diorite  of  the  Philip  Creek 
succession  (Struik, 1992). Quartzofeldspathic  gneiss,  schist 

and  granite  pegmatite  of  the Wolverine Metamorphic  Com- 
plex outcrop in the  east  and  northeast  (Struik, 1992). 

crudely  zoned  potassic  core  centred on the  intrusions (De- 
Alteration  asociated  with  the  deposit  comprises  a 

Long et al., 1991) and  surrounded  by  an  east-west  elongate 

tion  consists  primarily  of  disseminated  and  fracture-filling 
3.0 by 4.5 kilometre  propylitic  alteration halo. Mineraliza- 

chalcopyrite and pyrite.  Lesser  quantities  of  bornite are pre- 
sentwithinthe potassic  alterationzone.  Approximately70Yo 
of the mineralization is hosted by  the  Witch  Lake  volcanics 
with the remaining 30% in the  monzonite  intrusions.  Gold 
is associated with  chalcopyrite,  pyrite  and  bornite as  small 
grains up to 100 microns in diameter  along  sulphide  grain 
boundaries  and  microfractures  in  pyrite  (Faulkner et al., 

potassic  alteration  zone  (DeLong et al., 1991). Reserves  of 
1990).  Bothgold and chalcopyrite  correlate directlywiththe 

the  deposit  are  estimated  at 298.4 million  tonnes  grading 
0.45 gram per tonne  gold  and  0.22%  copper (Schroeter, 

Series  of  subparallel  polymetallic  sulphide  veins  con- 
taining  disseminated  to  massive  pyrite  and  chalcopyrite  ra- 
diate  outwards  from  the  MBX  stock  in  the  propylitic 
alteration  zone.  The  hest-developed  veins  range  from 0.3 to 
3.0 metres  thick  and  contain 3 to 100 grams per tonne gold, 
0.2 to 10% copper, 1 to 3% sphalerite,  and  traces  of 
arsenopyrite  and  galena  (Faulkner et al., 1990). 

SURFICIAL GEOLOGY 
The last glacial  event in the  Mount  Milligan region oc- 

curred  during  the  Late Wisconsinan eraser  Glaciation) be- 

1994). 

Figure 18-2. Geology and sample  locations,  Mount Milligan study 
area.  Geology modified from Nelson et al., (1991) and Stnrik 
(1992). 

Figure 18-3. Simplified  surficial geology ofthe Mount  Milligan 
area, from Kerr  and  Sibbick (1992). 
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tween  25  9403380  years B.P. (GSC-573)  and IO 100+90 
years B.P. (GSC-2036). Regional  ice  movement  during this 
event was primarily to the northeast,  as interpreted from ice- 
flow  indicators  such  as  well  developed  striae scoured into 
bedrock  and  drumlinoid  features  developed in unconsoli- 
dated sediments.  This  observation of regional flow  is in ac- 
cordance  with  earlier  studies by Armstrong (1949) to  the 
north, west and  south  ofthe  Milligan area, and  more  recently 
by PIouffe (1991, 1992) in the Stuart  and  Fraser  lakes  area 
to the southwest. In the  McLeod  Lake  region  to the south- 
east,  Struik and Fuller  (1988)  mapped the extent  of glacial 
lake  deposits and noted the presence  of mineralized clasts 
in morainal deposits. 

Surficial  sediments  of  the  study  area  include  till, 
glaciofluvial  and  fluvial sand and gravel,  glaciolacustrine 
sand,  silt  and clay, colluvium and organic materials (Kerr, 

nal  (till) blanket and large glaciofluvial outwash  complexes 
199 I). Two surficial units predominate: an  extensive morai- 

(Figure 18-3). Till was  deposited  during the last glacial epi- 
sode  and  is  commonly  hummocky  and drumlinized. It  con- 
sists  of  a  dense  matrix-supported  diamicton  composed of 
very poorly sorted,  angular  to well rounded pebbles  to  cob- 
bles in a sand-silt-clay matrix. These  sediments  are  more 

Philip  Lakes  to  north ofNation River. Flow was towards  the 
continuous in the east  half  of the map area, from  south  of 

northeast  during full glacial  conditions.  South of Nation 
River, a  gradual  change in flow  direction  towards  the  east 
is indicated by drumlinoid  features. 

dominate  the  central  part  of  the study area along the axis of 
Large concentrations  of  glaciofluvial sand and gravel 

Rainbow  Creek,  Nation  River  valley  to the north and to  the 
west of the  Mount  Milligan  deposit. These outwash-sedi- 
ment  complexes  consist  of  sinuous  esker ridges up  to IO 

lapping  outwash  fans  deposited  by  glacial meltwater during 
kilometres long,  kame  deposits  and  a  series of broad over- 

of glacial and  fluvial  erosion,  transportation and reworking 
ice retreat. They  represent the end product of a  long period 

ofmany  types  of surficial  sediments. Within the narrow  Na- 
tion  River valley, glaciofluvial  sediments  are locally over- 
lain by  up to 20 metres  of  glaciolacustrine silt and clay. 
These  sediments  were deposited during ice retreat in a gla- 
cial lake with an elevation of  approximately 850 metres. 

rock form  a  veneer  over  steep  hillsides and valley walls in 
Colluvial  sediments derived from till and weathered bed- 

the highlands  north  and  south  ofthe  Mount Milligan deposit. 

tled by colluvial  sediment. 
Highlands  to the northeast  ofthe Philip  Lakes are also man- 

Drift  thickness  is  highly  variable,  ranging from less 
than 1 metre on  rocky  highlands  to  over 80 metres in the 
Rainbow  Creek  area  (Kerr and Sibbick, 1992). Thicknesses 
in excess  of 100 metres  are  common directly east  of  the 
Mount Milligan deposit  (Kerr  and  Bobrowsky, 1991). Ron- 
ning  (1989)  has  reported  overburden  depths in excess  of  200 
metres in the  Nation  Lakes  area  to the west. 

gion. Modifications  of  the  original  till  substrate by soil- 
Humo-ferric  podzols are the  main soil type of the  re- 

forming  processes  extend  to  an  average  depth  of 
approximately 0.5 metre. Oxidation of the parent materials 
generally extends  to  a  depth  of  2 metres. 

METHODS 

SAMPLE  COLLECTION 

Milligan  deposit  for  a  distance  of  20  kilometres tc the  east- 
Till samples were  collected  down-ice  from the Mount 

northeast  (Figure 18-2). A total  of  121  till  samples, includ- 
ing  field  duplicates,  was  collected  from  108  hand-dug pits 
within  a 150 square  kilometre  area.  Sampling wa; concen- 
trated in two  distinct  areas  where till is  the  predominant sur- 
ficial  sediment:  in  the  vicinity of the deposit,  and in the 
region east of Rainbow Creek. The  intervening area, con- 
sisting  of  glaciofluvial outwash, was  not  sampled, in order 
to  maintain  media consistency. Samples  were  collected on 
a 1-kilometre grid  spacing.  Additional  sites were sampled 
in the vicinity ofthe  deposit  where  exposures oftill are more 
common.  The oxdized C-horizon  was  preferentially sam- 
pled at  depths  of 0.5 to 1.5 metres. Field samples weighed 
from  2  to 5 kilograms. Samples  were  air dried in the field 
and  sent  to the British  Columbia  Geological Survc y  Branch 
Analytical  Sciences  Laboratory in Victoria for furher proc- 
essing. 

SAMPLE  PREPARATIONAND  ANALYSlS 
At the laboratory, the  samples  were  removed  from their 

plastic bags and  thoroughly  air  dried  at room ten'lperature. 
Each  sample  was  coned  and  quartered  to  obtain a 
representative  subsample  which  was then dry sievf:d to three 

(-250+125 pn), very  fine sand (-125+62.5 p )  acd the silt- 
s i z e   f r a c t i o n s   c o r r e s p o n d i n g   t o  t h e   f i n e   s a n d  

clay  (-62.5  Fm)  fractions.  The  two  coarsest  fractions 
(-250+125and -125+62.5 Wm) were then wet sieved to re- 
move any fines  adhering  to  the  grains.  After  rrdrying,  a 
20-gram  split of the  -250+125micron  fraction ww pulver- 

(200 mesh ASTM).  Following  this, the three  fractions  were 
ized in a  tungsten  carbide mill to  approximately  74 micron 

mental neutron activation  analysis (INAA) for  lhirty ele- 
split  to  acquire  representative  analytical subsamples. Instru- 

ments  was performed on 5 to IO-gram subsampler,  whereas 
0.5-gram subsamples  were  analysed  for  thirty elments by 

plasma  emission  spectroscopy  (ICP-ES) analyliis. Table 
an  aqua  regia  digestion  followed by inductively coupled 

18-1 lists the analytical  methods and detection lilr.its for the 
elements  discussed in this study. 

RESULTS AND DISCUSSION 

DATA QUALITY 
Data  quality  was  determined using duplicate field sam- 

ples (13 pairs)  and  analytical  duplicates (6 pairs). Duplicate 
field  samples  provide  an  estimate  of  the total  variation 
within a sampling  program,  including within site, within 
sample  and  analytical  variation.  Analytical dupli:ates esti- 
mate  the  variation within a  subsample  and  variation inherent 

estimate the precision ofthe data.  Precision was datermined 
to  the  analytical method. These  variations can te used to 

by calculating the average  precision of a  group  of'duplicate 
pairs  for  each  element  and  size fraction. However,  the lim- 

precision  estimates. Table 18-2 shows the total precision of 
ited number of duplicate  pairs  reduces the reliability ofthe 
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TABLE 18-1 
ANALYTICAL  METHODS AND DETECTION  LIMITS  FOR 

ELEMENTS USED IN  THIS  STUDY 

Element  Method  D.L. Element  Method  D. L. 

A1 ICP 0.01% Mn  ICP 1 
As INAA 0.5 

Ca ICY 0.01% 
Ni ICP 1 Ba INAA 50 
Nd INAA 5 Au INAA 2ppb 
Na  ICP 0.01% 

K 
U INAA Fe INAA 0.01% 
Th INAA 0.2 Eu INAA 0.2 
Tb INAA 0.5 cu ICP 1 
Sm INAA 0.1 Cr INAA 5 
Sb INAA 0.1 c o  INAA 1 
Rb INAA 5 Ce INAA 3 
Pb ICP 2 

0.5 
ICP 0.01% v ICP 2 

La INAA 0.5 Yb INAA 0.2 
Lu  INAA 0.05 Zn  ICP 1 

Mg ICP 0.01% 

(Dctcction  limits (D.L.) in  ppm  unlcss  othcrwisc  noted) 

TOTAL  PRECISION  (FIELD  PLUS  ANALYTICAL)  BY  SIZE 
TABLE 18-2 

FRACTION  FOR  TEN  SELECTED  ELEMENTS 

Elcment 

c u  
Au 
As 
Sb 
K 
Fe 

Ni 
Mu 

Cr 
c o  

- 250+125  -125+63  -63 

32.5 
94.7  143.6  116.3 

40.3 42.1 

36.3 45.4 38.9 
21.2 25.6 31.8 
24.9 41.8 38.0 

31.6 
13.0 24.5  21.6 

40.0  46.0 
17.4 
16.2 

20.0 21.9 
29.7  24.3 

26.5  36.0 30.1 

Size Fraction I Prccision 

Prccision  estimated  at 95% confidence  level 
All  values  in  pcrccnt  and  based  on 13 duplicate  pairs 

ten elements  from  each  size  fraction. Total precision  for 
each   e l emen t   i s   r ea sonab le ,   r ang ing   f rom 213% 
(iron, -250+125 pm fraction)  to  +45%  (arsenic, -125+62.5 
pm fraction). The  notable  exception  is  gold  with  preci- 
sion  ranging  from +95%  (-250+125pm fraction)  to  ?144% 
(-125+62.5 pm fraction). Expectedly, analytical  precision 
(Table 18-3) is  less than the total  precision  for  most ele- 
ments,varyingfrom+4% (antimony, -250+125 pmfraction) 
to +42% (potassium, -125+62.5pm fraction). Again, gold 
is  an  exception,  with  precision  ranging  from f70% 

TABLE 18-3 
ANALYTICAL  PRECISION BY  SIZE  FRACTION FOR TEN 

SELECTED  ELEMENTS 

Elemcnt 

Au 
c u  

As 
Sb 
K 
Fe 

Ni 
Mn 

c o  
Cr 

-250+125 -125+62.5 -62.5 
Size  Fraction  (microns) 

14.83 15.53 11.80 
106.3 69.58 183.76 
26.91 15.84 14.61 

3.94 14.12 8.57 
20.29 41.69 27.40 
19.17 10.48 9.52 
13.88 9.13 4.99 
11.41 18.74 7.87 
20.57 15.12 13.30 
12.45 13.46 9.25 

Prccision  estimated at 95% confidence  level 
Values  expressed as percent  relative  standard  deviation 
(%RSD) and  based on 6 analytical  duplicates 

(-125+62.5 pm fraction)  to  +184% (-62.5pm fraction). 
Analytical  precision  estimates  are  lowest in the -62.5pm 
fraction for seven  of the ten elements  (Cu, As, Fe, Mn,  Ni, 

-125+62.5pmfractionandhighestinthe-62.5-micronfrac- 
Co  and Cr). Precision  estimates  for  gold  are  lowest in the 

tion. This  suggests  that  grinding  of  the  coarse (-250+125 
pm fraction)  or  the  use of a finer (-62.5 pm fraction)  does 
not  reduce  sample  variability  when  small (5 to 10 g) samples 
are  analysed.  The  high  variability  of  gold  results from the 
occurrence  ofgold  within the sample  matrix  as  rare,  discrete 
grains,  resulting in the ‘nugget effect’  (Harris, 1982). Gold 
particles up to 100 microns in diameter  are  reported  from 
the  Mount  Milligan  deposit  (Faulkner et al., 1990). To prn- 
vide a representative  analysis of a sample  containing gold 
grains of  this  size,  analytical  snhsample  sizes  weighing 100 
to 1000 grams are required,  depending on the  concentration 
of gold in the  sample  and  the  size  fraction  analysed  (Clifton 
et al., 1969). Sample  weights used for gold analysis in this 
study (5 to 10 g)  are  not  considered  representative.  Use  of 

the two coarse  fractions  are  possible  methods  of  improving 
larger  sample  sizes or the analysis  of  heavy  minerals from 

the reproducibility  of  the gold analyses.  However, the pres- 
ence  of  anomalous gold concentrations  can he considered a 

withinthe till. Background  concentrations of gold, however, 
reasonable  indication  of  the  presence of anomalous gold 

centratinns may be present. 
should not  exclude  the  possibility  that  anomalous gold con- 

CONCENTRATION OF ELEMENTS 

Ph, Zn, As, Ba, Fe, Mn, Sb, Na,  Ca,  Mg, K, Al, Ni, Co, Cr, 
Twenty-nine elements  were  selected  for  study (Cu, Au, 

V, Rh, U, Th, La, Ce, Tb, Yb, Lu, Eu, Nd  and Sm). Elements 
excluded  frnm this study had an  excess  of  values at or below 
analytical  detection limits. Summary  statistics  for  the se- 
lected  elements  are listed by size  fraction in Table 184.  
Overall,  median  element  values  are  highest in the -62.5~ 
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SUMMARY  STATISTICS FOR THE 29 ELEMENTS  CONSIDERED IN THIS  STUDY 
TABLE 18-4 

Al 

0.88 
3.79 
154 
1.43 
1 .48 
053 
0343 

__ A i A u  ! ? a i 2  

77.0  590 1503 1.93 
OS 2 7%  039 

10 20 11232 0.7 
7.9 5 1 IW 0.67 
I 1  2 I IW 0.7 

8.78 m.87 ~ . I I  02 
0.878 3.037 0.118 0289 

C e c D  G C u  €8 Fe 

56 71 3M 682 1.9 8.11 
19  17 57  16 0.7  2.19 

286 276 140.7 74.9 0.92 462 
26 25 I 3 0  53 0.9 432 
26 25 120 36 0.9 353 

7.16 8.15 4822 78.73 0.18 1.18 
0251 02% 0343 1.08051 0.194 0255 

K 

0.06 
0.93 
0.12 
0.10 
0.08 

0.850 
0.10 

~ 

L a h  

IO 0.14 
31 0.70 
13.9 029 
13 027 
12 026 

3.95 0.08 
o m  o m  

M g M n h h N d h 5  

036 233 1.42 5 14 
226 131s 3.17 22 R 
0.86 528.9 2.49 11.7 253 
0.78 453 251 I1 7.4 
0.71 334 2.73 I1 23 

0375 0.424 0.143 0316 0339 
0.32 2245 036 3.7 858 

P b R b S b s m  

11 170  7.4  6.0 
2 M 0.4 1.8 

48 668 2 287 
4 65 16 2.7 
2 62 1 2.7 

231 1833 12 068 
0.486 0274 0.601 0235 

A l A r A u E a C a C e 0 , G C u E U F c  K l a U ~ h h 7 - h N i N F % R b S b h T b T h U V y b Z n  

068 1.4 2 680 031 19 6 71 12 05 185 0.03 I1 0.17 O M  187 139 7 14 2 5 03 20 05 I 8  05 Z9 12 M 
3.93 89 1290 1 6 0 3  185 82 40 370 730 U 7.16 0.78 47 OM1 2.18 1224 2.75 M R 17 1M 72 65 1.4 13 68 162 3.6 152 
127 9.76 455 10358 062 295 17.7 173.6 73 0.91 424 0.08 153 029 0.73 4673 221 13 25.1 52 566 211 3D9 058 327 131 83.6 1.92 419 
1.09 73 9 ImO OS9 27 16 170 50 09 428 0 s  14 028 0.65 394 228 12 7.4 5 56 1.7 29 05 29 12 83 1.9 36 
1.06 I1 2 1100 054 26 13 170 24 0.9 2% 0.05 14 028 0.44 206 2.13 12 7.4 6 SI 1.4 3 OS U OS 8) I 8  29 

0.418 ID14 380s 0.135 0309 0297 0.421 031 1.176 0207 0245 1211 033 0.198 0.418 0.487 0.13 0308 O M  0.499 0335 0578 0242 0309 0.48 0.714 0271 0214 OS24 
053 9 s  173 13552 0.19 8.75 7.46 83.74 85.78 0.19 IM 0.10 5.M 006 031 2276 029 4 8.19 26 1897 I 2 2  0.75 0.18 156  0.94 22.61 0.41 21.97 

l b n  u v y b z n  

05 1.4 05 29 1.1 23 
1.4 68 62 170 4.1 176 
056 2.79 1.15 81.4 1.79 45.9 
05 25 1 80 1.7 37 
05 24 05 89 1.4 29 
0.15 098 0.84 21.76 0.48 25.05 
0263 035 0.727 0267 0267 0546 

A l ~ A u B a C a C c C o G C u ~ F s K l a U ~ M n 7 - h N i N ~ P b R b S b h T b l b U V y b ~  

4.03 160 732 1400 2.31 110 48 270 2182 25 824 126  R 063  232  2245  259 M 79 35 140 8 9.1 13 19 96 143 48 191 
1.13 3.4 2 5m 038 27 10 87 20 08 2.72 OD3 I4 024  037 238 135 5 IS 2 5 05 26 05 27 05 43  1.7  27 

1.97 17.14 455 934 0.76 42.6 199 1576 1358 1.13 485 0.12 225 038 O B  556.4 2.03 182 38.4 85 572 229 3.95 059 4.53 1.32 84.9 231 583 
186  I2 17 9?4 0.75 40 19 IM 76 1.1 466 0.08 21 036 0.76 483 2.07 17 33 7 56 18 3.7 05 45 1.7 85 23 49 
162 I1 3 ImO 0.71 37 15 I 5 0  20 1.1 341 0.07 18 03 0.65 264 2.01 I5 37 6 5 12 3.6 OS 39 OS 75 2 33 
29 1566 720 E20 193 83 38 183 2162 1.7 552 123 58 039 1.95 2007 I 2 4  48 61 33 135 75 65 OX K I  9.1 IW 3.1 1 6 4  

0279 1.175 1933 0.149 0305 029l 0368 0235 1685 OS= 0247 1.195 0329 0.222 0.426 OS05 0.121 0327 0315 0622 0.413 067 0231 0329 0.41 069 0219 0.19 0.493 
055 20.15 88.01 13922 011 1245 732 37.03 2288 021 12 0.14 739 0.08 038 2816 025 595  11.14 526  2363 1-53 091 0.19 ZW 1.19 1857 0.44 25.74 
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fraction,  accounting  for  21 of the 29  elements.  Maximum 
element  abundances  also  occur  most  frequently  (20  of 29 
elements) in the -62.5 Fm fraction. Box  plots  (Figure 18-4) 
for  eight  selected  elements  highlight the range and  distribu- 
tion of element  concentrations  for the three  size fractions. 

CORRELATIONS  BETWEEN SIZE FRACTIONS  FOR  TEN 
TABLE 18-5 

SELECTED  ELEMENTS 

-2501125  -250+125  -125+63 
Correlation  between fractions 

0.988 0.936 
0.619 0.562 

0.91 I 
0.836 

0.973  0.921  0.898 
0.855 
0.927 

0.904 
0.870 

0.793 
0.755 

Concentration  ranges  for  each  size  fraction generally over- 

nickel in the  -62.5-micron  fraction  and potassium in the 
lap one another. Median  values  for copper, gold, rrsenic and 

percentile value of  the  two  other  fractions.  In the -62.5-mi- 
-250+125 micron fraction  either equal or exceed the 75th 

cron  fraction,  less  than 10% of the gold value!# are at or 
below  detection limit. Detection  limit  concentations  for 
gold in the -125+62.5 and-250+125  micronfractions, how- 
ever, constitute 30 and  40% of the  data respectively. 

Four  elements,  arsenic,  gold,  copper  and potassium, 
have coefficients  of variation (C.V.) which exceed 0.70 in 
all  three  size  fractions (Table 18-4). Garrett el al. (1980) 
showed  that  elements  with  coefficients ofvariaticn less  than 
0.70 provide little geochemical indication  ofmineralization. 
Significant  correlations  for  all  elements  between  size frac- 
tions (Table 18-5) suggest a similar  origin  for tht: sediment 
of each size fraction. 

PATHFINDER ELEMENTS 

Fe 
0.884 0.800 0.623  Mn 
0.762  0.790  0.691 

0.67 I 0.837  0.532 c o  
0.891  0.803  0.796 Ni 

Symbol  plots based on  thresholds derived liom prob- 
ability  plots  were used to determine  which  elements re- 
ported higher  concentrations in the vicinity of he  Mount 
Milligan  deposit.  Based on this  estimate,  poteatial path- 
finder  elements for each  size  fraction  were selecwd from the 

Cr 0.649  0.753  0.615 original group  of twenty-nine. Table 18-6 lists the selected 

N = 108  Rsig(.95) = 0.159 

% 
N Tanst Popln 0 f D m  

lo1 Mm 1  71.0 
2 19.0 
3 10.0 

80 Log 1 80.0 
2 31.0 
3 9.0 

107 LaJ 1 81.0 
2 31.0 
3 8.0 

108 L c g  1 60.0 
2 32.0 
3 8.0 

104 Mm 1  70.0 
2  24.0 
3 8.0 

108 Lop 1 94.0 
2 8.0 

?own 
Mean Thresh 

41.9 '73 
S3.0 114 

180.0 

7.8  18 
27.8 65 

113.5 

11.8 18.8 
5.8 0.9 

23.8 

1.27 2.0 

4.83 
2.55  3.7 

0.w 0.11 
0.123  0.14 
0.171 

25.4 34.5 
39.4 

107 Log 1 47.0  27.7 43 
2 53.0 85.1 

15 Lop 1  12.0  3.2  4 
2  73.0  11.7 32 
3 15.0  102.3 

107 Log 1  71.0 5.8 10.1 
2 22.5 12.8  17.8 
3 8.5 28.2 

107 Adlh 1 70.0 81.5 119 
2  15.5  1e1.0 
3 14.5 29lD 

83 Loa 1 85.0 1.1.8 40 
2 s.0 912 

108 Lop 1 40.0 11.3 10.7 
2 35.0 l:!A 142 
3 25.0 3)2 

108 Log 1 82.0 1.70 3.8 108 log 1 K/.O 1 e4 3.2 
2 8.0 5.08 I 2 1!1.0 5 18 

3 
108 Mm 1 BB.0 0 . 0 4  0.07 1oJ Lm 1 W>~O 0,-  01'. 

2 28.0 0.092 011 I 
3 5.0 0.150 

107 LW 1 55.0 122 16.7  108 @ 1 45.0 11.4 173 
2 45.0 24.0  2 ui.0 21.1 ns 

3 10.0  31.9 

108 Lop 1 44.0 3.24 4.35  108 Lop 1 W.0 441 5.W 
2 &.a 4.m 5.45 2 15.0 T a l  
3 8.0 8.48 

108 LaJ 1  47.0  281 382 85 Loa 1 E3.0 151.4  llu3.7 
2  24.0 441 501 
3 29.0 737 

2  1'1.0 20%7 
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elements  for  each  size fraction and corresponding values 

models  were  defined  for  each  element. Two population 
calculated from probability plots. Two or three population 

models  were  defined  as  background  (population 1) and 
anomalous (population 2) populations. Elements displaying 
three  populations  were subdivided into background (popu- 
lation l), intermediate (population 2) and anomalous (pnpu- 

pathfinders showed either unimndal distributions or higher 
lation 3) populations.  Those  elements  not  included  as 

concentrations in the eastern half of the study area underlain 
by Wolverine Complex metamorphic rocks. 

-250+125 MICRON FRACTION 

arsenic, antimony, potassium and cobalt in the -250+125- 
Anomalous  populations of the elements copper, gold, 

micron fraction  occur above and in the immediate vicinity 

tions  are observed for copper, gold, arsenic, antimony and 
of the Mount Milligan deposit (Figure 18-5). Three popula- 

potassium whereas  cobalt  is  represented by two popula- 
tions. In general, copper, gold, arsenic, antimony and potas- 
sium show mixtures of populations 2 and 3 in  the vicinity 
of the deposit. Tight groupings ofanomalous (population 3) 
copper, gold and arsenic concentrations lie directly above 
the Southern Star deposit. A mixture of population 2 and 3 
concentrations for arsenic and antimony are found in the 
northeast comer  of the study area. A coincident group of 
copper, potassium, arsenic and antimony population 2 and 
3 concentration  sites are present in the southeast cnrner of 
the study area, near the northern end of the Philip Lakes. 

-125t62.5 MICRON  FRACTION 
Eight elements in  the -125+62.5-micron fraction, cop- 

per, gold,  arsenic, antimony, potassium, cobalt, iron and 
manganese, are  anomalous  in tills overlying and in the vi- 
cinity of the deposit (Figure 18-6). Three populations  are 
defined for gold, arsenic, potassium, iron and manganese. 
A two-population model was applied to copper, antimony 
and cobalt. Most of the sample  sites west of Rainbow Creek 
are  anomalous  in  copper  and cobalt. Population 2 gold val- 
ues occur  throughout the study  area,  whereas anomalous 
(population 3) gold concentrations are found overlying the 
Southern  Star  deposit.  North  and  east of Philip Lakes, a 
similar group of anomalous (population 3) values are pre- 

and 3 concentrations of potassium overlie the  MRX deposit, 
sent  for copper, cobalt, iron and manganese. Population 2 

but  are conspicuously absent overthe Southern Star deposit. 
Broad areas of population 2 values  for gold, manganese and 
potassium are  observed in  the  northeast  quadrant of the 

throughout the study  area,  but  appear  to be prevalent near 
study area. Anomalous manganese concentrations are found 

the deposit. Antimony  anomalies  are rare in  this  fraction 
except  for  two small, adjacent areas over the deposit. 

-62.5 MICRON FRACTION 
The  elements copper, gold, arsenic, antimony, potas- 

sium, cobalt, iron and chromium provide anomalous values 
in the -62.5-micron fraction of samples  overlying and sur- 
rounding the deposit (Figure 18-7). Three populations of 
data  are observed for copper, arsenic and cobalt whereas 
gold, antimony, potassium, iron and chromium are repre- 

sented by a two-population model. Copper, arsenic, anti- 
mony and iron are anomalous  above  the Southern Star zone. 
Intermediate andor anomalous  populations of arsenic and 

An east-west linear group of intermediate and aromalous 
cobalt are present in the northeast quadrant of the stldy area. 

concentrations of copper, arsenic, cobalt  and iron is present 
east  of  Philip Lakes.  With  the  exception of t h ~ e e  sites, 

west of Rainbow Creek. As in the -125+62.5-micron frac- 
anomalous gold concentrations  are restricted to  the  area 

tion, anomalous potassium values  are found overlying the 
MBX  zone  but not over  the Southern Star zone. Ar omalous 
chromium values are present along  the southern edge of the 
Southern Star  zone and above  the  MBX zone. 

CLUSTER  ANALYSIS 

vicinity of the deposit may be a result of differenceis in rock 
The elevated concentrations of these elemer.ts in the 

types between the Mount  Milligan  area and the arca  east of 
Rainbow Creek. To test this possibility, samples  mderlain 
by the Witch Lake formation, a primary host for  the Mount 
Milligan deposits, were analysed by cluster  analylis to de- 
termine associations between the selected elemenls. An as- 

derived locally. Figure 18-8  shows the results of Pearson 
sumptinn of this  test  is that  the  sediment of each site is 

cluster  analysis  on  the  data  for 66 sample!l undt:rlain by 
Witch Lake rocks. In the -250+125 fraction, close groupings 
between copper-antimony-arsenic and cobalt-pota!:sium are 
observed whereas gold shows a weaker  associatinr. with the 
other  elements.  In  the -125+62.5-micron fraction, strong 
clustering is evident within  and between the group.; copper- 
cobalt-manganese-iron and arsenic-antimony. Assxiations 
between gold and potassium with the remaining elements 
are less developed. Element  correlations inthe -62.5-micron 
fraction fall into  two  groups, gold-antimony-arsenic and 
copper-iron-cobalt, which  also associate closely with each 
other. The remaining elements, potassium and  ctromium, 
are not strongly associated with  either of these  two groups. 

to be a result of primary bedrock relationships and .he effect 
Observed element  clusters  for  each  size fraction appear 

of differential weathering of the  till size-fractions. Associa- 
tions in  the coarse fraction  (-25Ot125 pm) indicate a group- 
ing between mineralization (copper-antimony-arscnic) and 
lithology/alteratinn  (cobalt-potassium)  elements. In 
the -125+62.5 pm fraction, the clustering of copy r-cobalt- 
manganese-iron  and  arsenic-antimony  suggests 'that iron 
(*manganese) oxides  are present and have adsorbed copper, 
arsenic  and  antimony  liberated  from  oxidized  s!rlphides. 
Strong associations between cobalt, iron and mang'mese are 
eithertheresultofcnbaltinthecrystallatticeofpri~naryiron 
minerals or the result nfthe preferential adsorption ofcobalt 
by iron or manganese oxides in soils (Kabafa-Perldias and 
Pendias, 1991). Closer grouping of cobalt-iron-copper and 
arsenic-antimony-gold in the -62.5-micron fraction further 
suggests that these elements  have become bound to iron ox- 

two cnarsest fractions, and  its stronger association with co- 
ides. The  poor association of gold with other elements in the 

balt-iron-copper and arsenic-antimony in tho  -62. %micron 
fraction, probably represents the liberation of fine-grained 
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Figure 18-8. Results of cluster  analysis  on 66 samples  underlain 
by Witch  Lake  formation rocks. 

gold from sulphides  during  weathering and incorporation 
into  iron  oxides. 

ciations,  copper,  gold,  arsenic, antimony and potassium  are 
Based on  spatial  distributions and inter-element asso- 

considered  pathfinders for the Mount  Milligan  deposit in all 
three  size  fractions.  Iron  is  a  pathfinder  element  in  the 
-125+62.5 and -62.5 p n  fractions.  The mineralogy of the 
deposit  suggests  that  anomalous  concentrations of copper 
and gold  originate  primarily  from  the  porphyry  deposit, 
whereas anomalous  arsenic and antimony are probably de- 

rived from polymetallic veins, such  as  the  Esker  vein, pe- 
ripheral  to  the  porphyry  mineralization.  Anomalous  iron 
concentrations  are  a  product  of both the  porphyrytvein min- 

posit.  The  remaining  elements,  cobalt,  manganese  and 
eralization and the  extensive  pyrite  halo  surrounding  the  de- 

chromium,  reflect  secondary  weathering  processes or vari- 
ations in source lithology. Weak, but significant  associations 

ent.  DeLong et al. (1991) observed  a  direct  correlation be- 
between potassium and the pathfimder elements  are appar- 

tween bedrock  concentrations  of copper and gold and the 
intensity  of  potassic  alteration  in  the  deposit.  The  weak as- 
sociationofpotassium  withthe otherpathfindersreflectsthe 
difference in mineral  phases hosting copper,  gold,  arsenic, 
antimony (sulphides) and potassium  (silicates) and the  ana- 
lytical methods used. Aqua  regia  decomposes  silicates (eg. 
potassium feldspar) incompletely, whereas  sulphides  are  al- 
most  completely  dissolved.  Instrumental  neutron  activation 

timony, provide  total element  concentrations.  Therefore, de- 
analysis, used for the determination  of  gold,  arsenic and an- 

termination  of  potassium by aqua regia - ICP may only 
partially  represent the actual  potassium  content of a  sample, 
whereas  copper,  gold,  arsenic and  antimony  values repre- 
sent  the  total  concentration.  Clays,  which  contain  significant 
potassium,  are  readily  decomposed by aqua  regia.  It  is pos- 
sible  that  the  source  ofpotassium  anomalies  associated with 
the  deposit  originate  from  potassic or propyltically  altered 
bedrock  weathered  to  produce  clays  amenable  to  digestion 
by aqua  regia. 

THRESHOLDS  AND  CONTRASTS 
Summary  information on the  population  distributions 

estimated from probability  plots and the  resultant  thresholds 
for  the  pathfinder  elements are listed in Table 18-6. Table 

Contrast  ratios  are  a  measure  of  the  difference  between 
18-7  reports  contrast  ratios  calculated  for  these  elements. 

anomalous and background values,  indicating  the  ability  of 

mineral ized bedrock  sources.  The  ratios  were derived by 
a  sample  medium  to  distinguish  between  mineralized and 

dividing the mean  of  the  anomalous  population by the  mean 
ofthe background population.  Ratios  for the elements,  cop- 
per, arsenic, antimony, iron and potassium  range  from  ap- 
proximately 1.5 to 5, whereas  gold  contrasts  are higher, 
varying from 6 to 15. With the  exception of gold, differences 
in contrast  ratios  between  size  fractions  are  relatively low, 
not exceeding 65%.  For gold,  contrast  ratios  decrease  with 
decreasing  size  kactiou.  However,  poor  reproducibility  due 
to the nugget effect  makes  the gold contrast  ratios  strongly 
suspect. 

TABLE 18-7 
CONTRAST  RATIOS  CALCULATED FOR 

PATHFINDER  ELEMENTS 

Element 

Au 
cu 

As 
Sb 
K 
Fe 

-250+125 -125+62.5 -62.5 

4.30 3.07 4.73 
14.55 8.71 6.16 
4.08 4.82 4.79 
3.65 5.06 3.07 
2.06 3.33 2.70 
1.84 1.37 1.59 

Size Fraction  (microns) 
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little  difference in the ability  of  the  size  fractions  to distin- 
The  similarity in contrast  ratios  suggests  that  there is 

guish  between mineralized bedrock and background bed- 
rock  sources.  Although  threshold  values  differ  between 
fractions,  each  fraction  provides  a  similar  definition be- 
tween  anomalous and background  sources. Corresponding 
copper, gold, arsenic,  antimony  and potassium anomaly pat- 
terns  for  each  size  fraction  support  this  interpretation (Fig- 
ures 18-5,6  and 7). 

DISPERSAL LENGTHAND SAMPLING 
DENSITY 

Estimation  of dispersal  distances  from  Mount Milligan 

vial sediment, 3 to 5 kilometres wide,  infilling the valley of 
is complicated by the presence of a  wide band  of glacioflu- 

Rainbow Creek. A broad zone  of  anomalous multi-element 

an  approximate  dimension of 3 by 3 kilometres (Figures 
concentrations centred over  the  Mount Milligan deposit has 

18-5, 6  and 7). Clusters  of  elevated  and/or  anomalous con- 
centrations  of  arsenic and antimony  occur in all  three  size 
fractions up to 15 kilometres  northeast  (down-ice)  from the 
deposit (Figures 18-5,6 and 7). Anomalous or elevated cop- 
per, gold and  potassium  values in the -125+62.5-micron 
fraction  are  also  observed in the  nortbeast quadrant of  the 

ever, the  patterns exhibited by these  elements  east  of Rain- 
study area  as  far as 15 kilometres  from the deposit. How- 

bow  Creek  suggest they reflect  local  lithological  differences 
(eg. Witch  Lake  formation versus Wolverine Complex) and 
not down-ice dispersal  from  Mount Milligan. 

and/or  elevated concentrations  of copper in all  three frac- 
Northeast of  Philip  Lakes, coincident  anomalous 

tions  form an east-west elongate pattern perpendicular to 
ice-flow  direction (Figures 18-5,6  and 7).  Similar patterns, 
albeit less well  defined,  are  also observed for  arsenic  and 
potassium.  Elevated  patterns  for gold  and antimony are not 
evident.  Mineralized  boulders  and  limited  exposures  of 

have been reported along the north  shore  ofthe Philip Lakes 
sheared,  altered  and  weakly  mineralized  volcanic  rocks 

west-trending  fault  which  parallels  the north shore  of the 
(Cooke, 1989; 1991). Struik (1992) has mapped a north- 

Philip  Lakes  (Figure 18-2), to  which the mineralization is 
probably related.  It  is highly likely  that  the  east-west elon- 
gate  pattern  of  elevated  element  concentrations results from 
the glacial dispersal ofaltered or mineralized bedrock local- 

ples from adjacent  to the eastern arm of the  Philip  Lakes 
ized along this  fault.  Background  concentrations in till sam- 

(Figures 18-5,6  and 7) imply that  these  samples are up-ice 
of the  fault zone. Using this as  a limit  to the up-ice extent of 
mineralization,  a  maximum  dispersal distance of 4 to  6 kil- 
ometres can be estimated  for this area, based on  element 

terns  are  observed  for iron, manganese and cobalt in the 
distribution  patterns.  Interestingly,  distinct dispersal pat- 

-125+62.5-micron fraction  and  iron and cobalt in the -62.5- 
micron  fraction.  This may reflect  the  concentration of iron 
oxides in the  finer  fractions  of the till  resulting  from  the 
weathering  of  sulphides. 

Dispersal  distances  of  approximately 5 kilometres and 
probably not  more  than IO kilometres  place  constraints  on 
the  necessary  sampling  density required to detect the Mount 

Milligan deposit.  Sinclair  (1975) has demonstrated that  to 
maximize  the  detectionofelliptical-shaped  anomalies (such 
as ribbon or fan-sha ed anomalies in till) a  sampl'ng density 
corresponding  to J '  2 2  tlmes  the  length and width  of  the 
anomaly  is required. Assuming  an  anomaly  width of :3 kil- 
ometres  (the  width of the  Mount  Milligan  anonlaly) and a 
dispersal  length  of 5 kilometres, till samples coliected on  a 

tion)  should  intersect  dispersal  trains  from porphyry miner- 
3.5 by 2-kilometre grid (long  axis  parallel  to ice-:low direc- 

alization  similar  to  Mount  Milligan.  Changes  in  the 
alignment of the grid, resulting  from  variations i.n ice..flow 
direction, could be  eliminated  by  reducing  the a i d  spacing 

used, but the  probability  of  detecting mineralization would 
to  2 by 2 kilometres. Lower  sampling  densities could be 

decrease. 

SELECTION OF  BEST SIZE FRACTION 
Selection  of the best size  fraction  for use in regional 

till surveys  should  provide  a  fraction  with the best data qual- 
ity, highest overall  anomaly  contrast and the most diagnostic 
dispersal  patterns  which  indicate  the  source  of mineraliza- 

ences  between  the  three  size  fractions inthe Mount Milligan 
tion. Results  of this study  indicate  that there are  few differ- 

area. Similar  pathfinder  elements  and  contrast  rpios  exist in 
each  fraction.  The limited number  of field and analytical 

vided by prefering one fraction over another. Relationships 
duplicates  suggest  that  no increase in data  quality  is  pro- 

between  elements in each  fraction  suggest  that tlle products 
of  weathered  sulphides are  preferentially concentrated in 
the  finer  fractions,  probably associated with iron oxides. 
Median  element  concentrations are higher in tht: -62.5-mi- 
cron fraction, most  notably  for gold, where  detection limit 
values comprise  less than 10% ofthe data.  Shilts  (1984) has 
noted that  most metals preferentially concentratr: in the  fine 
fractions  of till, specifically in the clay fraction. DiLabio 
(1985) has noted that gold concentrations  are  higher in the 
finer  fractions of weathered  till,  reflecting  ihe  original grain 
size  of gold in the deposit  and  the  grain  size of g d d  adsorb- 
ing phases. Based  on  these  observations,  the -62.5-micron 
till fraction  is  recommended  as  the best size  fraction  for  de- 
fining  the presence ofthe  Mount Milligan deposit. Although 
similar  results  would  also  be  achieved using the two  coarse 
fractions, the -62.5-micron fraction  provides thi  advantage 
of significantly  fewer detection limit  values  for gold. 

CONCLUSIONS 
Based on the foregoing,  the  following conclusions re- 

garding the till geochemistry ofthe Mount Millipn area and 
recommendations  for regional geochemical  drift  explora- 
tion  surveys may be drawn: 

Pathfinder  elements  for  the  Mount Milligan deposit in- 
clude copper, gold,  arsenic,  antimony  and potassium. Iron 
may  also be a  suitable  indicator of pyrite alte~ation halos 
often  associated  with  mineral  deposits  of this type. 
There is  very  little  difference  in  the  geochemical re- 

250+125,  -125+62.5 or -62.5-micron  size  fraction  of 
sponses  of  the  three  media.  Analysis  of  either  the - 
weathered till provides  similar  patterns  which indicate the 
presence of the Mount  Milligan  deposit. 
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0 Analysis of the -62.5-micron fraction  is preferred,  how- 
ever, due to its higher  element concentrations; especially 
in the case of gold. 
Dispersal lengths ofapproximately 5 kilometres from the 
deposits are observed. Longer  dispersal  distances, on the 

e Sampling  densities  for regional till  surveys ofone sample 
order of 10 to 15 kilometres, are not readily apparent. 

per 4 square kilometres (2 by 2 kilometre grid spacing) 
are recommended for porphyry copper-gold exploration. 
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LAKE  SEDIMENT  VERSUS  STREAM  SEDIMENT 
GEOCHEMISTRY  FOR  REGIONAL  MINERAL 

EXPLORATION  IN  THE  INTERIOR  PLATEAU OF 
BRIITISH COLUMBIA 

By Steven Earle, Grasswood Geoscience -" 

INTRODUCTION 
Regional geochemical programs are carried out  with 

the objective of  evaluating  large areas of land effectively 
and efficiently, and  experience has shown that the sediments 
from drainage  systems,  either  stream sediments or lake sedi- 
ments, are the  most useful media for regional surveys  in 
many  parts of the world (Rose et al., 1979). Drainage sur- 
veys  are particularly applicable  to regional exploration he- 
cause a single sample  can provide information about  the 
geochemistry of a relatively large area. The usefulness of 
that information will depend on  avariety  ofdifferentfactors, 

of eIements within  the  drainage system, the characteristics 
such as the size of the drainage basin, the relative mobility 

of the sample material available, and the consistency of the 
geochemistry at  sampling sites. 

Stream  sediment  geochemistry  has  been  applied  in 
many different terrains, and under both  wet and dry climatic 

most  commonly  in  low-relief  areas  where stream drainage 
conditions. Lake  sediment geochemistry has been applied 

topography are such that lakes  are abundant. 
systems are  not  well developed and  where the climate and 

The  choice between using lakes and streams  for sam- 
pling  has  been  largely based on the  criterion of finding 
enough sample sites  for  adequate regional coverage. If lakes 
are few and far  between there is little point in  trying  to  use 
lake sediment geochemistry. If  streams  are poorly devel- 
oped or difficult to reach, there is little point in  trying to use 

stream sampling  sites  are well distributed, a choice between 
stream sediment geochemistry. In areas where both lake and 

the  two media should  he based on a consideration of which 
provides the most useful exploration data. 

One important  factor  controlling the quality of a re- 
gional sampling  survey  is the consistency of the mechanical 

ticular  the  proportions of clay-sized material, iron and man- 
and chemical  composition of the  sample medium, in par- 

ganese oxides  and hydroxides, and organic matter. Another 
critical factor is the consistency of geochemical conditions 

rameters such as pH and oxidation potential. 
at the sample sites, that is  the degree of variability in pa- 

In most high-relief areas  streams are rich  in sediment, 
and the  sediment is predominantly clastic in composition, 
with little organic matter. As a result, it  is possible to collect 
relatively consistent samples  over large areas. An exception 
to  this observation is  in the rain forest of the Pacific Coast 
of British Columbia, where stream sediment contents are 
commonly quite low. Here fine-grained sediments trapped 

within mosses have been  found  to  provide a cons stent sam- 
pling medium (Matysek  and Day, 1988). 

by low levels of clastic sediment, with  highly variable or- 
In low-relief areas  streams are typically ch;lracterized 

ganic matter compositions. In  many  such area!; lakes are 
well distributed, and  in  comparison  with the st,:eam sedi- 
ments,  lake-centre  sediments  and  lake-bottom  environ- 
ments are physically and chemically consistent. [t has been 
shown that sediments from the  deeper  basins of lakes can 
he sampled quickly and inexpensively (Coker el al., 1979). 

stream sediment geochemistry has  been the sampling me- 
Due  to the relatively steep topography ofthe Cordillera, 

dium of choice throughout much of British Columbia. This 
is not necessarily because of a scarcity of lakes, is lakes are 
quite  common  even in some of the most mountainous ter- 
rains, but because stream sediment geochemistry has been 
shown  to  he an effective exploration method in  many areas, 

techniques. 
and there has been  some reluctance to experimenl, with other 

In  contrast  to  the  adjacent mountain belts, the Interior 
Plateau region of British Columbia is characterized by rela- 
tively  subdued topography. In  many  parts of  ,,his region 
stream drainage systems are not well developec', but lakes 
are abundant. As  shown on Figure 19-1, the Interior Plateau 
extends through the central  part of the provincc, from the 

1 

-1- 

Figure 19-1. Physiographic  regions ofBritish Columbia (after 
Farley, 1979). 
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United States  border  to  the Yukon border, and reaches a 
maximum  width of approximately  400 kilometres in the 
Prince  George area. 

The  objective  in this paper  is to compare  the effective- 
ness of stream sediment versus lake sediment geochemistry 
in the Interior Plateau region. Previous work in the applica- 
tion of lake  sediment geochemistry in this environment is 
reviewed, and comparative  results of stream  sediment  and 
lake  sediment  sampling  programs are described and dis- 
cussed. 

PREVIOUS  WORK 
Although  several reports have been published concern- 

ing the application o f  lake sediment geochemistry to explo- 
ration  in  British  Columbia,  very little attention  has  been 
focused  on  the issue of the relative effectiveness of lake 
sediments versus stream sediments, either in British Colum- 
bia or elsewhere. 

A lake sediment  sampling program in the Salmon and 
Muskeg rivers  area  (NTS  93J)  was reported by Spilsbury 
and  Fletcher (1974). Near-shore clastic  lake sediments were 
collected, and although  it  was noted that copper and zinc 
contents were related to iron and sand contents, the authors 
concluded that the  drift  cover  in the area had the effect of 
masking geochemical differcnces which might have been 
related to  bedrock variations. 

Hoffman (1976)  and  HoRman and Fletcher (1976) re- 
ported the  results of a 500-sample lake sediment program 

and 93G). In this  case organic-rich samples  were collected 
carried out  in  the  Nechako  River drainage basin (NTS 93F 

from the centres of the lake basins, and it  was  shown  that 
lake  sediment geochemistry reflects  regional  variations in 
bedrock lithology, and  that lake sediment  anomalies  are as- 
sociated with all known mineral occurrences. In detailed 
geochemical studies around areas of copper and molybde- 
num mineralization at Capoose Lake, Hoffman and Fletcher 

num in lake sediments, but pointed out that within-lake geo- 
(198 1) showed the  strong response o f  copper and molybde- 

chemical  variations  can be considerable.  Positive results 
were  also  obtained by Mehrtens et al. (1973),  Mehrtens 

area. In this  case there is some  evidence that molybdenum 
(1975) and Hoffman and Fletcher (1981) in the Chutanli 

anomalies in lake sediments provide a larger exploration 
target than those in stream sediments. The geochemistry of 
stream sediments, soils, bogs, surface water and vegetation 
in the Capoose  area has also been studied by Boyle  and 
Troup (1975). 

ried out in  the western part of the Nechako Plateau (NTS 
The results ofa  2797-sample lake sediment survey car- 

93E, 93F, 93K and  93L)  were described by Gintautas (1 984) 
and Gintautas and Levinson (1 984). Again, a close relation- 
ship between lake geochemistry and that ofthe drainage-ha- 

relatively  high  degree of limnological variability in  this 
sin rock type was observed. Gintautas also pointed out the 

area. . 
regional geochemical surveys within NTS  sheet 93C, 93F 

An assessment ofthe applicability oflake sediments for 

and 93K of the Nechako  Plateau was carried out by Earle 

(1993). It  was concluded that  regional  lake  sediment sur- 
veys would be feasible within this area, although the lake 
density is relatively low in some  parts of the region. This 
study included a comparison of the  Regional Geochemical 
Survey (RGS) lake  and  stream  sediment  data from the east- 
ern  part of map sheet  93L,  which  showed  that,  around min- 
eralized areas, the response in lake  sediments is equivalent 
to or more  pronounced  than  that  for stream sediments. The 
importance of considering  limnological variability in inter- 
preting lake sediment geochemistry in  the  Nechako  region 
was stressed. 

A field  study of lake  sediment  geochemistry  in  the 
Nechako Plateau area  was  recently carried out  by the British 
Columbia Geological Survey  Branch (Cook, 1993). 

COMPARISON OF LAKE  SEDIMENT 
AND  STREAM  SEDIMENT DATA SETS 

River area (93L), and from the  Gibraltar  mine  area  (93B) 
Lake  and  stream  sediment  data  sets from the Bulkley 

have  been  compared,  with the  objective  of  determining 
which type of data  most  clearly  reflects  the known mineral 
deposits  in  these regions. The  study  areas  are  shown on Fig- 
ure 19-2. 

BULKLEYRIVER AREA 
Both  stream  and  lake  sediment  samples  were collected 

RGS program  (Johnson et al., 1987).  Within  this  area, 
from the eastern  part of map sheet  93L, as part of a 1987 

stream  sediments  were  collected  at  353 sites, while  lake 
sediments  were  collected  at 218 sites. In  order to compen- 
sate  for  the  discrepancy  in  numbers of samples, the distri- 
butions have  been  smoothed  to a 2500-metre  square grid, 
using 1500-metre radius  circular  smoothing windows, and 
inverse  distance  weighting.  Inter-element  relationships 

regression procedure has  been used to  compensate  for  ap- 
have also  been  examined and, where appropriate, a linear 

parent dependencies  on  organic matter and  iron  and manga- 
nese levels. The smoothed distributions  for gold, silver and 

Figure 19-2. Location ofthe study areas 
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zinc  are included here as Figures  19-3,4  and 5 .  Spatial vari- 
ations in the data  are portrayed using differing symbol sizes, 
where  the cutoff levels are based on percentiles. The  70,80, 
90 and 95th percentiles have been used where practical, al- 
though in  some cases, there is  too little variability in the data 

rences,  taken  from  the  MINFILE  map  for 93L, are  also 
for this to  be feasible. Gold, silver and zinc mineral occur- 

shown on these figures. 
Smoothed distributions of gold in stream and lake sedi- 

there are strong anomalies around Dome Mountain, Cronin 
ments are  shown on Figure 19-3. In the stream sediments 

the western part of the study area, distant from any known 
and Equity Silver, hut there are  also numerous anomalies in 

mineral occurrences. In the lake sediments there are strong 
anomalies  at Cronin, to the west of Dome Mountain, to the 
south of Grouse Mountain, to the west of Equity Silver, and 
at  Silver Queen. There are numerous gold anomalies along 
the western shore of Babine  Lake  and in the area south of 

Silver Queen, both  areas  where no significant gold miner- 
alization is known. The  range of gold concentrations in lake 
sediments is  much  lower  than that for stream sediments. In 
both cases the background is around 3 ppb. The 97th per- 
centile is 25 ppb for  stream sediments, and only 7 ppb for 
lake sediments. 

Smoothed  distributions of silver in stream  and lake 
sediments  are  shown  on Figure 19-4. In this case the silver 
residual, as determined from regression with manganese, 
iron and LO1 as the independent variables, is plotted for the 
lake sediments. The  silver distribution in stream fediments 
is very irregular, and  although there are anomalies  in some 
of the mineralized areas, there are  many other ancmalies  in 
presumed background areas. The lake sediment cilver dis- 
tribution is more clearly defined. There  are  strong  snomalies 
around the silver-zinc mineralization at Grouse Mountain 
and at  Silver Queen, and also  to  the  east of Richfield Creek. 

Figure 19-3. Regional  distribution of gold in lake  and stream sediments in the Bulkley  River  area (93L). 

Paper 1995-2 
"- 

183 



There  are  isolated  silver  anomalies  near  Equity Silver, 
Dome  Mountain  and Cronin. 

this  case  residuals  are  plotted  for  both  stream and lake sedi- 
The  zinc  distributions  are  shown  on  Figure 19-5, and in 

ments, following  regression  against iron and  manganese for 
the lake sediments and against  iron,  manganese and organic 
matter for the stream sediments.  The stream sediment  zinc 
distribution  is  again  quite irregular. There  are  strong  anoma- 
lies in the  Crouin  area  and  to  the  west  of  Silver Queen, but 
there  is  also  an  extensive  anomaly  southwest of the Bulkley 
River, within  what is presumed  to  he  a  background  area. In 
the lake  sediments  there  are  strong  and well defined zinc 
anomalies  associated  with  the  silver-zinc  mineralization  at 

other  anomalies  scattered around  the study area. 
Silver  Queen  and  Grouse Mountain, and  there are several 

A more  detailed  look  at  the  lake  and  stream sediment 
gold distributions inthe  Dome  Mountain  and  Grouse Moun- 
tain  areas  is  given on Figure 19-6. The  Dome  Mountain  area 
is  characterized  by  quartz  veins within Hazelton Group tuff 
and  andesite.  The  veins  are  mineralized  with  galena, 

arsenopyrite,  pyrite  and  sphalerite  (MINFILE  93L 022). 
The  Dome  Mountain or Forks  deposit  is one of several simi- 
lar  occurrences  in  this  area,  which  have  been known since 
1914 (Mchtyre, 1985). Ore  was shipped from the deposit 
in 1938  and 1940, and  again  during  1992  and 1993. Produc- 
tion  ceased in June of 1993, but resumption is planned 
(Northern Miner, 1993b). Reserves  are  currently  estimated 
at  325 000 tons  grading 12.3 grams gold per  tonne  (Northern 
Miner, 1993a). At  Grouse  Mountain, silver, zinc,  copper  and 

canic rocks. 
gold-bearing  veins  are  also hosted by Hazelton  Group vol- 

There  are  several  very  strong gold anomalies in stream 
sediments  draining  the  eastern  side  of  the  Dome  Mountain 
area, but there  is  only  one  strong  lake  sediment gold anom- 
aly. On the  other  hand,  there  are  several  moderate lake sedi- 
ment gold anomalies  in the Grouse  Mountain  area, but the 
only  significant  stream  sediment gold anomaly  is in one 

north  of  the  showings. To some  extent  these  discrepancies 
sample  collected  from approximately 5 kilometres  to  the 

can  be  attributed  to  the sampling  pattern. At Dome  Moun- 

. . . .  
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Figure 19-4. Regional  distribution of silver in lake and stream  sediments  in  the  Bulkley  River  area (93L). 
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Ministry of Enem, Mines and Petroleum Resources 

tain,  for example, only  one lake sediment sample  was col- 

while  at  Grouse Mountain the nearest stream sediment sam- 
lected on  the  eastern side ofthe area of mineral occurrences, 

ple was collected 2 kilometres to the west of the area of the 
showings. 

Silver and zinc  data  from  the  Silver Queen area  are also 
shown  in  more  detail on Figures 19-7 and 8. The  Silver 

of dacitic composition, and the dacite is intruded by a mi- 
Queen  area is underlain by Endako  Group rocks, primarily 

crodiorite sill. Both the dacite and microdiorite are intruded 
byfelsiteporphyryandbasaltdikesandsills,andallofthese 
rocks  are  cut  by  quartz  vein  systems  mineralized  with 
sphalerite, chalcopyrite, galena, tetrahedrite, tennanite and 
pyrite. The deposit is located on the eastern  side of Owen 
Lake, and was mined in the early 1970s. Current estimated 
reserves  are 1 730 000 tonnes  grading  328  grams per tonne 
silver, 2.74 grams per tonne gold and 6.2% zinc (MINFILE 
93L 002). Several other similar deposits OCCIIT in the  area 
east of Owen Lake, including  the Cole deposit, which has 

reserves of 145 152 tonnes  grading  302  grams per tonne 
silver (MINFILE 93L 162). 

anomalies  within  Owen  Lake  (Figure 19-7). Most other 
There are  moderate  and strong  lake  sediment  silver 

tres  to  the  east and another 7 kilometres to the soulhwest are 
lakes show background levels, although  onc lake 8 kilome- 

also  anomalous  in silver. There is  only  one weak stream 

rences, while there are three strong  anomalies  in .i drainage 
sediment silver anomaly in  the  area of the mineral occur- 

this  case the area of mineral occurrences was sampled quite 
system about 6 kilometres to the northwest of t i e  area. In 

adequately by  both stream and lake  sediment samples. 

anomalies in  Owen  Lake  and  in two smaller lakes within the 
There  are  five  strong  and  moderately  strong  zinc 

mineralized area, but  there  are  only  weak  zinc anomalies in 
the stream sediments of this  area  (Figure 19-8). 'I he strong- 
est stream sediment zinc  anomalies are 6 kilometres to the 
northwest. 

Zinc in stream  sediments. 
_" 

Zinc in iuke  sediments 
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Figure 19-5. Regional  distribution of zinc in lake and stream sediments in the Bulkley River area (93L). 
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Figure 19-6. Gold in lake and stream  sediments in the Dome Mountain - Grouse Mountain area (93L). 

Figure 19-7. Silver in lake  and  stream  sediments in the  Silver  Queen  area (93L). 

GIBRALTAR MINE  AREA a 326 million tonne porphyry copper-molybdenum deposit, 
Duingthe early 1 9 7 0 ~  an extensive lake sediment Sam- with average  copper  and molybdenum grades  of0.37%  and 

pling program was carried  out  in  central  British  Columbia  o.ol%* 
by Rio Tinto Canadian Exploration Ltd. The  area around 
what  is  now the Gibraltar mine was sampled in some detail an RGS program conducted in 1980 (MEMPR, 1980). The 

Stream sediment  data  for  this area are  available from 

as part ofthis program. The  sampling was completed after stream sediment  sampling was carried  out after commence- 
the ore deposit was discovered, but before mining or any ment of mining. 
other work  which may have led to contamination of the lake 
sediments had commenced (Coker et a]., 1979). Gibraltar is 
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Figure 19-8. Zinc in lake and stream  sediments in the Silver Queen  area (93L). 

The  data  for 40 lake-centre sediment samples and 22 
stream sediment  samples  for the area around the Gibraltar 
mine are  shown  on Figures 19-9 and 10. Again, symbols of 

centrations. In this case the symbol-size intervals are based 
different sizes have been used to represent the metal con- 

on the 80, 90, 95 and 97th percentiles determined from all 
40 of the lake sediment samples and from 102 stream sedi- 
ment  samples  collected  from  a 40 by 50 kilometre area 
around the mine. Relatively few stream sediments were col- 
lected in the immediate mine area, and this limits the rele- 
vance   o f  a direct  comparison  of  the  geochemical 
distributions. 

There arc moderate and strong lake sedimcnt copper 
anomalies throughout a 10 by 15 kilometre area surrounding 
the mine, but levels  are particularly high within a  few kilo- 
mctres of the ore zones, where three samplcs have in excess 
of300 ppm copper(Figurc 19-9).  On  the othcrhand, sevcral 

relatively low copper concentrations, and the only samples 
stream sediment  samples collected from near the mine have 

at least 6 kilometres away. 
withsignificant  copperenrichment (80ppm) werecollected 

There is a  7 by 7 kilomctre area of moderate to strong 
molybdenum anomalies around the Gibraltar mine, includ- 
ing three samplcs with levels in excess of 26 ppm (Figure 

(1979), the lake sediment molybdenum background in this 
19-10), As indicated  on the map shown by Coker er a/. 

arca is  in the range of 1 to 2 ppm, which is similar to that of 
thc Capoose and Fish lakes area (cJ Hoffman and Fletcher, 

kilometres away from the mine in several directions have 
1981). Lake sediment samplcs collected from as much as 10 

grcatcr than 12 ppm molybdcnum. In contrast, none of the 
strcam scdimcnts collected from the vicinity of the deposit 
have significant  molybdenum  enrichment, and the only 

sample with more  than 5 ppm molybdenum  i$.  approxi- 
mately 6 kilometres away from the orebodies. Of :he twelve 
samples collected from within 10 kilometres of the mine, 
only two have more than 1 ppm molyhdcnum. 

stream sediment data from Gibraltar is not entirely fair be- 
It must be reiterated that this comparison of lake and 

cause of the differences in the sampling patterns. Neverthe- 

anomalies in lake sediments in the Gibraltar arca, and al- 
less, there are strong and extensive  copper and mc lybdenum 

though the sampling  is sparse, the evidence suggests that the 
stream sediment anomalies are neither as extenr:ive nor as 
strong  as those seen  in the lake sediments. 

DISCUSSION 
Lake sediment and stream sediment geochemical data 

from various mineralized areas within the Nechako Plateau 

vicinity of silver-zinc deposits at Silver Queen md around 
area of central British Columbia have been comp;ued. In the 

copper-molybdenum orebodies at Gibraltar it  is e'vident that 
lake sediment geochemistry is more useful for c:xploration 
than stream sediment geochemistry. At Silver ?ueen, for 
example,  there are  strong  silver and  zinc Iakt: sediment 
anomalies associated with the known deposits, '.)ut there is 
almost no enrichment ofsilver and zinc in stream sediments. 
At  Gibraltar there are  strong  and extensive anomalies of 
both copper and molybdenum in lake sediments, but rela- 
tively weak and sporadic anomalies in stream sc.diments. 

The results for gold in the vicinityofgold-silverdepos- 

Grouse Mountain are less conelusivc. At Dome Mountain 
its at Dome Mountain and around silver-zinc occurrences at 

the stream sediment anomalies appear to be bet':er defined, 
while at Grouse Mountain the lake sediment anomalies ap- 
pear to be marc  definitive.  In  both  cases the differences 
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Figure 19-9. Copper in lake and stream  sediments in the Gibraltar  mine  area (93B) 

could be ascribed to differences in the sampling patterns, 
however the anomaly contrast in stream sediments is higher 
than that for lake sediments. 

Based on the evidence from these three areas it appears 
that, in this plateau region of central British Columbia, lake 
sediment sampling  is a more effective tool for regional geo- 
chemical exploration than stream sediment sampling. There 
are several reasons  why  this might he s o ,  hut the relative 
consistency of the sampling medium and the sampling en- 
vironments is probably a major factor. As noted above, lake- 
centre sediments are generally consistent both mechanically 

are consistently fine grained, with high clay contents. The 
and chemically. They  are rich in organic matter, and they 

lake-hottom environment is also relatively consistent. Even 

organic-rich sediments is low (cJ: Coker et ol., 1979). 
in oligotrophic lakes the degree of oxygenation within the 

both  mechanically  and chemically,  and  stream  environ- 
In contrast,  stream sediments  are  quite inconsistent, 

ments are highly variable. This is particularly true in this 
area of diverse topography and drainage conditions. Stream 
sediments can range from very fine grained material domi- 
nated by  clay, to coarse sandy and gravelly material with 
iittle or no clay component. Although samples  are  sieved 
prior to analysis, normal sieving procedures do not neces- 

sarily standardize the ratio between sand, silt and  clay-sized 
material. An 80-mesh sieve (0.18 mm), for example, will 
exclude material larger than fine sand, but  this  gives no con- 
trol over  the proportions of fine sand, silt  and clay. Even a 
-200-mesh sieve (0.074 mm) does  not  separate  silt from 
clay. Sieved material  from  some  stream  sediment  samples 
may be comprised almost entirely of clay, while that from 
others may contain virtually no clay  at all. Considering the 
importance of clay minerals and clay-sized material in ad- 
sorbing trace-metals (Rose et al., 1979), this  is  can be a sig- 
nificant factor. 

Under most conditions fine-grained organic matter is a 
more important adsorbing  substrate than clay (Rose et al, 
1979; Coker et al. 1979; Stumm and Morgan, 1971), and in 
this  environment  stream  sediments  may have quite  large 
variations in organic content. The  stream  sediment  samples 
collected as part of the RGS survey  in  the  eastern  half of 
map sheet 93L have an organic content  range  (as LOI) of 
0.5 to 42%. The  levels  are generally low. Only 3% of the 

the samples have between 1 and 10% organic matter. The 
samples have more than 15% organic matter, while 85%  of 

of 0.5 to 83%, but in this case  the levels are generally high. 
lake sediments collected in this  same  area have an LO1 range 

Over  85% of the samples have more than 15% organic mat- 
ter. Studies of metal - organic matter relationships in lake 
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Figure 19-10, Molybdenum i n  lake and stream  sediments in the Gibraltar  mine area (93B) 

environments  have  shown  that, in  general,  metals  are 
strongly controlled by organic levels up to approximately 
15% LOI, and that beyond that level increascs in organic 

ret and Hornbrook, 1976; Coker et ai., 1979). 
matter do not significantly effect metal concentrations (Gar- 

Variability within streamsedimentsisaparticularproh- 
lem for  elements  such  as gold, which  are partly or entirely 

and Day, 1988; Day and Fletcher, 1989; Fletcher, 1990). In 
transported as particles (Matysek and Saxhy, 1987; Fletcher 

studies ofthe spatial and temporal variability ofgold within 
high-energy stream  beds  Fletcher (1990) has  shown that 
there  can he variations of up to three orders of magnitude 
(less than 1 pph  to nearly 1000 pph gold in the tine fraction 

metres. The main factor contributing  to  these discrepancies 
of sediment samples) within  a distance of only a  few tens of 

is the  choice of sample location with respect to fluvial fea- 
tures such as bars. Temporal differences of similar magni- 
tude were  also noted, and these  are ascribed to the effects of 
major flooding  events. 

In addition to the variahilitics in the nature of stream 
sediment, streams are also  much more variable than lake- 

bottom environments in terms oftheir overall geoc:hemistry. 

always he saturated with oxygen. Oxidizing cond :tions will 
For example, under turbulent  conditions stream waters will 

ters as long  as organic matter levels are low. Whcre stream 
prevail in the water, and even within the sedimen. pore wa- 

organic, dissolved oxygen levels will he lower, and reducing 
flow rates arc low and the sediments are clay-rich and partly 

conditions may prevail within the  sediments. 

and environment may  bepartlyresponsible  forthe relatively 
These  factors of variability in scdiment composition 

low correlation between stream sediment anomalles and  the 
incidence of mineral occurrences  in this area. Another im- 
portant factor is that in lake sediments the anon.aly levels 
ofmany constituents (excluding gold)  are higher and show 
greater contrast with background than those for st:eam sedi- 
ments. The result is that lake sediment anomalies are easier 
to detect analytically. This is particularly importmt for elc- 
ments such as molybdenum, lead and silver, whit:h are pre- 
sent at levels quite close to  the analytical detection limits. 

are easier to recognize in data interpretation. 
Furthermore, the higher contrast lake sediment anomalies 
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CONCLUSIONS 

gcochcmical data from three different types of mineral de- 
A comparison of  lake scdiment and stream sediment 

posits in  two arcas  of the Interior Plateau has  shown  that,  in 
gcneral,  lake  scdiments provide more  effective exploration 
information in  this  environment. 

define  thc  location ofthc Gibraltar  coppcr-molybdenumde- 
Lake  scdimcnt  coppcr and molybdenum data  clearly 

posits, and lake sedimcnt silvcr and zinc  data  clearly  define 
thc location  of the  Silver  Quccn and adjacent silver-zinc 
dcposits. Stream scdiment gcochemistry is  effective at Gi- 
braltar, however, the anomaly levels  are  relatively low and 
the pattcrns  inconsistcnt, but stream sediments  are  quite in- 
cffcctive at Silver  Queen. The Dome  Mountain  area gold- 
silvcr  dcposits  are  delineated  by  both  stream  and  lake 
scdiment gold data,  although  thc anomaly to background 
contrast  is higher in the  stream sediments. 

It is postulated that  the observed differences in the geo- 
chemical rcsponses  are partly due to the inconsistency of 
strcam sediment compositions and stream geochcmical en- 
vironments in this  area  of  relativcly  low  relief. 

Lakc scdimcnt geochemistry could be  used effectively 
in rcgional exploration programs in any  parts  of  the Cordil- 

include  most of the  Intcrior  Platcau,  most of the  Queen 
lcra charactcrized by relativcly subdued topography. These 

Charlottc Islands, much of Vancouvcr Island and most of 
thc ccntral and northcrn parts ofthc Yukon. Most ofwestern 
Alaska could also be effectively explored using  lake  sedi- 
ment gcochemistry. Although regional stream sediment sur- 
vcys  have alrcady been  carried out  in many of  these regions, 
it is likcly  that lake  scdiment geochemical data would yield 
uscful ncw cxploration information. 
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GOLD DISTRIBUlION IN  LAKE  SEDIMENTS  NEAR 
EPITHERMAL GOLD OCCURRENCES IN THE 

NORTHERN  INTERIOR  PLATEAU,  BRITISH  COLUMBIA 

By Stephen J. Cook, 
British Columbia Geological Survey Branch 

”- 

INTRODUCTION 
Stream  sediments  are  the preferred sampling medium 

for  reconnaissance-scale  Regional  Geochemical  Surveys 
(RGS) over most of British Columbia. However, the sub- 
dued topography, abundance of lakes and relatively poor 
drainage oftheNechako Plateau inthenorthern Interior sug- 
gest that lake sediments  may be a more appropriate medium 
in this area. Mineral exploration  in the region has been lim- 
ited by extensive  drift cover, poor  bedrock exposure and a 
young volcanic cover. Epithermal precious metal deposits 
are presently the  most important exploration target, and lake 

to delineate both regional geochemical patterns and anoma- 
sediment geochemistry is a potentially highly effective tool 

lous metal concentrations related to these deposits. Most 
Canadian lake sediment geochemistry studies have focused 

northern Canada, where there  are considerable differences 
on the Shield and Appalachian environments of eastern and 

in climate, physiography and suficial geology relative to 
central British Columbia. Subsequently there is a paucity of 

models. This study addresses geochemical controls on metal 
case histories upon which  to build Cordilleran interpretive 

distributions  for three lakes adjacent  to epithermal gold-sil- 
ver occurrences in the northernhterior Plateau. These, Wolf 
Pond, Clisbako Lake  and Bentzi Lake, are hosted by Eocene 
Ootsa Lake  Group felsic volcanic rocks in NTS map areas 

presents and interprets data  for  the content and distribution 
93C (Anahim Lake)  and  93F (Nechako River). The study 

of gold and  other  elements in lake sediments. The lakes, 
which represent a cross-section of limnological types, were 
sampled as  part of a broader study of the relation of lake 
sediment geochemistry to  various mineral deposit types in 
the northern Interior (Cook, 1993a, b). Results presented 
here are preliminary, and additional work will appear else- 
where. 

PROGRAM OBJECTIVES 
Lake  sediments have been used successfully as an ex- 

ploration medium for base metal deposits in the northern 
Interior Plateau for  almost  25 years. Sediment geochemistry 
reflects the  presence of weathering sulphide minerals from 

Hoffman and Fletcher, 1981), porphyry molybdenum-cop- 
a bulk silver  prospect near Capoose  Lake (Hoffman, 1976; 

per  mineralization  near  Chutanli  Lake  (Mehrtens et al., 
1973; Mehrtens, 1975) and epithermalkkam mineralization 
near Square  Lake (Hoffman and Smith, 198%). Lake sedi- 
ment  geochemistry  has  also  been  successful  in  locating 
gold-silver mineralization at the Wolf occurrence (Andrew, 

1988), but studies of gold in lake sediment (Scl~mitt et al., 
1993; Friske, 1991; Davenport and  Nolan, 19119; Rogers, 
1988;Foxetal.,1987;Cokeretal.,1982)have~eenlargely 
restricted to Shield or Appalachian environments. Accord- 
ingly, the objectives of this study are  to determi le the: 

extent to which lake sediment geochemistry reflects the 
presence of nearby  epithermal  precious  matal  occur- 
rences; 
distribution patterns of gold and other elements in lake 
sediments; 
effectiveness oflake sediments as an exploratim medium 
for gold; and 

m most effective sampling, analytical and interpztive tech- 
niques for gold exploration in the northem Inlerior. 

Ongoing studies are also evaluating field sample sizes, 

pling densities, comparative analytical methods, the useful- 
sampling and analytical variability, effective regional sam- 

ness of sequential extractions, water geochemistry, and  the 
effect of limnological variations on sediment geochemistry 
of lakes within and between different geologicz.1 units. An 
important objective of the program is the development of 
Cordilleran models for  the transport and accurnulation of 
gold and other elements (e.g Timperley and Allan, 1974) 
under a range of geological and limnological conditions. 

SCOPE OF FIELD STUDIES 
Orientation studies were carried out during the period 

late July to mid-September, 1992. The program centred on 
lakes characteristic of eutrophic, mesotrophic, oligotrophic 
and unstratified limnological environments above each of 
two rock units: Eocene Ootsa Lake Group felsic volcanic 
rocks  hosting epithermal gold-silver occurrences, and vari- 
ous plutonic rocks hosting porphyry copper-m.dybdenum 
deposits and occurrences.  Lakes  were  chosen largely on 
documented trophic status (Balkwill, 1991) ant: proximity 
to known mineral occurrences in the MINFIL13 database. 
Further details of the program, based partly on kcommen- 
dations of Earle (1 993), are provided by Cook (1’393a); only 
results from three lakes adjacent to epithermal gold-silver 
prospects (Wolf, Clisbako, Holy Cross) are discussed here. 
A total of 149 sediment samples were collected at 105 sites 
on the three lakes (Table 20-1). 
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SUMMARY  SAMPLING,  PHYSICAL AND WATER 
TABLE 20-1 

GEOCHEMISTRY  DATA  ON  WOLF,  CLISBAKO  AND 
BENTZI LAKES 

I 

I 
Note:  Bentz i  Lake CIC. 

Wolf Clirhako BC"tZi 

93FI03 93Cl09 93Fll5 

-I 173 
Eutronhic 

-1280 
Mesoaonhic 

-855 

Pond ( ~ 2 . 5 )  .25 to I 1.82 
8 10.5 35 

7 40 
12 

58 
57 

I 
80 

3 5 

6.02 7.30 
6.09 

7.60 
7.30 7.39 

L 

Philip (1977). Mnxi~num depth shown is sample dcpth, not 
lake depth. Lake-bottom walcrs wcrc collected approximately 
I metre above the scdiment-watcr interface at Wolf (3 inctrcs) and 
Clisbako (7.5 mctres); Bentzi Lake measurement w a s  rnadc at 28 metrcs 

DESCRIPTION OF THE STUDY AREAS 

LOCATIONAND  PHYSIOGRAPHY 

by Vanderhoof and Burns Lake, respectively, and extends 
The study area (Figure 20-1) is bounded east and west 

northward from the Clisbako River to the Francois Lake 
arca. Most ofthe area lies on the Nechako Plateau, the north- 
ernmost subdivision ofthe Intcrior Plateau (Holland, 1976), 
although its southern limit extends onto the Fraser Plateau. 
The low and rolling terrain generally lies between 1000 to 
1500 metres elevation. The  area is thickly forested and bed- 
rock is obscured by extensive drift cover. Over 90% of the 
Nechako River map area  is  drift covered (Tipper, 1963), 
with till and glaciofluvial outwash the predominant materi- 
als. 

REGIONAL  GEOLOGY  AND OOTSA LAKE 
GROUPMETALLOGENY 

volcanic and sedimentary rocks of the Lower to Middle Ju- 
The  study  area  is within the Intermontane Belt. Here, 

rassic Hazelton Group  are intruded by Late Jurassic, Late 
Cretaceous and Tertiary felsic  plutonic rocks. These  are 
overlain  by  continental  Eocene  Ootsa  Lake  Group vol- 
canics, Oligocene and Miocene Endako  Group volcanics, 
and Miocene-Pliocene  basalt flows. Areas  underlain by 
Ootsa  Lake  Group  volcanics  (approximately  50  Ma, 
Diakow and Koyanagi, 1988) are the focus of this study, and 
these areas are exposed in two general regions. The first 

I 

. . .  

. .  

. . .  

Study Areas volcanlc rocks 
1 WonPond 

- 
0 km 50 

Figure  20-1.  Generalized  geology and locations of lake sediment 
orientation  studies in the  northern  Interior of British  Columbia, 

(geology  modified  from  Tipper et ai., 1979). 
showing  their  relation  to  Eocene  Ootsa Lake Group volcanic rocks 

extends from the Nechako River to the west side ofFrancois 
Lake (Figure 20-1); the second is west of Quesnel, between 
the Chilcotin and West Road rivers (Duffell, 1959; Tipper, 

thologic divisions in the Ootsa Lake  Group,  which com- 
1963). Diakow  and Mihalynuk (1987)  recognized six li- 

prises a differentiated succession of andesitic  to  rhyolitic 
flows and pyroclastic rocks. Sedimentary rocks, although 
not common, are interspersed throughout the sequence. In- 
terest  in  the  precious  metal  potential of the  Ootsa  Lake 
Group has increased in  recent years. The Wolf and Clisbako 
prospects are epithermal gold-silver occurrences currently 

I94 Geological Survey Branch 



or recently under exploration. The Wolf prospect is hosted 
by felsic flows, tuffs and  subvolcanic porphyries, whercas 
the Clisbako prospect is hosted by basaltic to rhyolitic tuffs, 
flows and volcanic breccias. Gold mineralization in both 
areas  is  associated  with  low-sulphide  quartz  stockwork 
zones. 

DESCRIPTIONS OF INDIVIDUAL, STUDY 
AREAS 

WOLF POND (NTS 93F/03) 
Wolf Pond (elevation: -1173 m) is located approxi- 

matcly 100 kilomctrcs south-southwest of Fraser Lake  and 

reached by either the Holy Cross and Kluskus-Natalkuz 
about  5  kilometres  southeast of Entiako  Lake.  It  can be 

('500') forcstry roads from Fraser Lake, or the Kluskus for- 
estry road from Vanderhoof, and then via the Kluskus-Ootsa 

to the Wolf property. Wolf Pond is  a small eutrophic pond, 
and Kluskus-Malaput forestry roads  to  a spur road leading 

approximately 60 by 35 metres, with a maximum depth of 
about 4.5 metres (Photo 20- 1). One temperature and oxygen 
profile recorded in  the  centre of the pond shows dissolved 
oxygen content decreasing from 6.1 ppm at the surface to 

pH (6.09) is  the lowest of the three lakes (Table 20-1). 
0.4 ppm at  a  depth of 5  metres (Figure 20-2). Bottom-water 

SURFICIAL GEOLOGY AND PHYSIOGIWPHY 

(Figure 20-3) in  the rugged uplands of the Entiako Spur of 
WolfPond is situated withinanarrow intermontane bog 

the Fawnie Range, where relief is moderate. The  area  is 
heavily forested, and no logging has occurred in the imme- 
diate area. Prominent drumlins  and striae indicate that ice 
flowed in  a northeasterly direction  across the Wolf property 
(Giles and Levson, 1994; Ryder, 1993). A discontinuous till 
mantle, up to 2 metres thick, covers  rolling to hummocky 
outcrop  on  the  two  hills  adjacent  to Wolf Pond,  while 

tions along  the  Entiako Spur. The Wolf Pond watershed is 
glaciofluvial sands and gravels are exposed at lower eleva- 

east and west, and is largely underlain by quartz feldspar 
small, with  drainage restricted to adjacent hillsides to  the 

porphyry and rhyolite. The Lookout zone occurs within the 

Photo 20.1. Wolf  Pond,  looking  to the southwest 
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Figure 20-2. Temperature and dissolved  oxygen  profiles of pro- 

and C) Bentzi Lake. 
fundal basin  water  columns in A) Wolf  Pond; B) Clishako  L.ake; 
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Andesite  flows and minor interbedded sedimentary rocks aRhyolite package 

Tertiary 

Polymictic conglomerate 
Ootsa Lake Group Distal ignimbrites 

Intermediate lapilli tuff Grey feldspar porphyry 

Proximal  rhyolite  flows,  tuffs  and breccias 
Tuffaceous siltstones and mudstones 

@Maroon quartz feldspar porphyry 

Quartz-eye  porphyry 

Figure 20-3. Location  and  geology  of  the  Wolf  prospect,  showing  location  of Wolf  Pond relative  to  zones  of known epithermal 
mineralization.  Geology  generalized  after  Schroeter and Lane  (1994).  The  dashed  line  defines  the  approximate  limit ofthe Wolf  Pond 
drainage  basin.  Contour  interval: 50 metres. 

watershed on the hillside just east of the lake. The  other 
mineralized zones  are outside the drainage basin. 

BEDROCK  GEOLOGY  AND  MINERAL  DEPOSITS 

Wolf Pond  overlies  an  inferred  contact  of  rhyolite 
flows, tuffs and breccias (unit 4) and maroon quartz feldspar 
porphyry  (unit 5 ) .  The  flows  and  tuffs,  together  with 
younger  subvolcanic  rhyolite  porphyries,  are  host  to  the 
Wolf gold-silver prospect (Minfile 093F 045). The  prospect 
is a low-sulphidation adularia-sericite epithermal deposit 
(Schroeter and Lane, 1994). It  comprises five mineralized 
zones, one  of which  (Lookout  zone)  lies  within the Wolf 
Pond watershed. Mineralization  within the Lookout  zone  is 
structurally  controlled  and  occurs  in  northerly  trending 
quartz-carbonate veins  in maroon quartz feldspar porphyry; 
other zones  occur  as  siliceous  stockworks and hydrothermal 
breccias (Schroeter and Lane, 1994), Overall, mineraliza- 
tion is micron-sized and  occurs  as electrum, native silver, 
silver sulphides and  sulphosalts (Andrew, 1988). Some of 

the highest gold concentrations  occur in repeatedly brecci- 

Lane, 1994; Andrew et al., 1986), which  are typically bor- 
ated and silicified zones  within  the rhyolite (Schroeter and 

dered by zones of argillic or  sericitic alteration. The Wolf 
claims  were  staked by Rio Algom Exploration Inc. in  1982 
following the discovery of anomalous silver, zinc, arsenic 
and molybdenum concentrations in  Wolf Pond sediments 
(Dawson, 1988). 

CLISBAKO LAKE (NTS 93C/09) 
Clisbako Lake (elevation: -1280 m) is  located  about 

100 kilometres west of Quesnel  and  about 40 kilometres 

nel-Nazko  Highway  to  Marmot  Lake,  and  then  via  the 
southwest of Nazko. Access  from  Quesnel  is by the Ques- 

Michelle Creek (3900)  and Michelle Creek - Canyon Moun- 
tain  (4200) forestry roads  to a spur logging  road  leading  to 
the lake. Clisbako Lake is about 700 metres  long  and has a 
maximum  depth of about 9 metres  within a single basin 
(Photo 20-2). Surface and bottom waters  exhibit a neutral 
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Photo 20-2. East  side  of  Clisbako  Lake,  looking to the 
southwest. 

pH (Table 20-1). Surface-water dissolved oxygen concen- 
trations of 7.7 ppm decreased to a low of 4.8 ppm in the 
deepest  part of the lake, and  temperature profiles were rela- 
tively constant (Figure 20-2). Trophic status is unknown; 
unstratified temperature  and  oxygen profiles at three sites 

may have resulted from water  column turnover with the on- 
set of cold weather in mid-September 1992. 

SURFICIAL  GEOLOGY AND PHYSIOGR4PHY 
The Clisbako area bas low to  moderate r e k f  (Figure 

20-4) and drift  cover  is extensive. Bedrock exporures  cover 

to  gulleys and incised stream  drainages (Daw!;on, 1991). 
only  about 4% of the property, and are general:y confined 

Logging in the  immediate  area  is  most  extensive on the 
north side of the lake, where a clearcut extends to  within a 

ment was  in a north-northeasterly direction across  the east- 
few  metres of the shore. Late Wisconsinan gla,ciat move- 

ern part of  the  Clusko  River  map  area  (Proudfoot and 
Allison, 1993). Canyon Mountain and Mount  Dent  rise  to 
elevations of 1464  metres  and  1676 metres, rmpectively, 
south and southwest ofthe lake. Slopes  are till covered, with 
exposed bedrock on higher ground partially covered by a 
locally derived till and colluvium veneer. Hummocky mo- 
raine and the Clisbako River lowlands cover  much of the 
area  cast and north of Clisbako Lake. Glaciofluvial sand and 

ne1 cover much of the area  south ofthe lake. Minor meltwa- 
gravel deposited from a northeast-flowing meltwater chan- 

ter  channels and eskers  also  occur  at  high elevaions in the 
western part of the watershed. Clisbako Lake drains north 

,_^ 

Recent: Hot spring (tufa) deposi's 

k,] Oligocene-Miocene: Basalt flows and breccias; 
minor clacite 

n Oligocene: Felsictuffs; minor andesite flows 
and sedimentary rock; 

Eocene: Basaltic, andesitic and 'hyolitic 
flows and tuns 

Mineralized showings 

Zone of argillic alteration andlor 
epithermal veins\stockwork 

....... Clisbako Lake drainage basin 

Figure 20-4. Location and geology  of  the  Clisbako  prospect,  showing  location ofclisbako lake  relative  to  zones ofepithennal alteration 
and mineralization.  Geology  afler  Dawson (1991). The  dashed  line defines the  approximate limit of  the  Clisbako  Lake dra'nage basin. 
Contour interval: 200 feet. 
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British  Columbia 

through the  Nazko,  Blackwater and Fraser rivers. The lake 
watershed covers an  area  of about  14  square kilometres, and 
drainage  into  Clisbako  Lake  is  predominantly  from  the 

west and a smaller  one  from  the south. 
west. Two unnamed streams enter the lake, one from the 

BEDROCK  GEOLOGY AND MINERAL DEPOSITS 

of the Endako  Group  outcrop on Canyon Mountain south- 
Oligocene-Miocene basalt flows and pyroclastic rocks 

east of the lake. They  also  underlie  the  adjacent Clisbako 
River plain, but  are  not exposed within the watershed of 
Clisbako Lake.  Felsic to intermediate subaerial flows  and 
pyroclastic rocks of the  Eocene Ootsa Lake  Group underlie 
Clisbako Lake andtbe surrounding  area (Figure 20-4). Here, 
the Clisbako gold-silver prospect  (MINFILE  093C 016) is 
hosted by basaltic to rhyolitic tuffs, flows  and volcanic brec- 
cias  exhibiting intense silicification and argillic alteration. 
Several alteration zones  have  been identified, although not 
all lie within the Clisbako Lake watershed (Figure 20-4). 
The largest, the South, Central and North zones, have ex- 
posed strike  lengths of up to  450  metres  (Schroeter  and 
Lane, 1992). Gold mineralization is associated with low- 
sulphide  quartz  stockwork zones. Gold concentrations up  to 

elevated concentrations of mercury, arsenic, antimony and 
1076 ppb and silver concentrations up to  73 ppm, as  well  as 

barium, were  reported by Dawson  (1991).  The Clisbako c PIe i~to~ene and Recent 
UnconSolidaled deposits 

Oligocene and Miocene 
Endako  Group:  andesite and basalt 

Oolsa Lake Group: rhyolite, dacite, asoeiated luffs and breccias 
Paleocene.Oligocene 

claims were staked in 1990  by Eighty-Eight Resources Ltd. 

been interpreted to  be a high-level volcanic-hosted epither- 
and optioned  by Minnova Inc. in 1991. The prospect has 

mal system similar to those  in the western United States 
(Dawson, 1991; Schroeter  and Lane, 1992). 

BENTZI LAKE (NTS 93F45) 

east of Holy Cross  Mountain  approximately 30 kilometres 
Bentzi  Lake (elevation: 855  m)  is located 9 kilometres 

just west of the lake, which  can he accessed through an ad- 
south of Fraser Lake. The  Holy  Cross  forestry  road passes 

jacent hunting camp  south of Targe Creek.  The lake is ap- 
proximately 2.5 kilometres long  and  has a maximum  depth 
of 3 1.5 metres. It  is the only lake in this  study  for  which a 
bathymetric map  is  available (Walsh and Philip, 1977). The 
lake contains two sub-basins; a major  profundal basin in the 
central part of the lake, where  the maximum depth was re- 
corded, and a lesser  sub-basin  within  the northwestern arm 

to within 1.5 metres of the surface, paralleling a narrow 
of the lake. A large shoal in  the central part of the lake rises 

subaqueous  channel  (24  m)  leading  into  the profundal basin. 
SurfaceandbottomwatersexhibitaneutralpH(Table20-1). 
Temperature and oxygen  profiles  recorded  at five sites in 
Bentzi Lake  show  it  to  he  mesotrophic  (almost eutrophic); 
surface-water dissolved oxygen measurements of  8.6  to  8.8 

i. . :  ...... 
UpperCret*ceo"s-Paleocene 
Oot~a  Lake Group: basan, andesk, related luffs and breccias 

Figure20-5.  Locationandgeology ofthe Holy Cross prospect,  showing  location ofBentzi Lake in relation  to  areas ofepithermal alteration 
(lines  denote  approximate  shape  of  lithogeochemistry  grids of Donaldson, 1988). Geology  afier  Tipper (1963) and  Tipper e f  al. (1979). 
The  dashed line defines the  approximate limit of the Bentzi Lake drainage basin. Contour interval: 500 feet. 
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ppm decrease to  a  low  of  2.3 ppm near maximum depth 
(Figure 20-2). 

SURFICIAL  GEOLOGY  AND  PHYSIOGRAPHY 
The  area around Bentzi Lake (Figure 20-5) is heavily 

forestcd and largely drift covered; outcrop is exposed on 

north, south  and  east, the area  is overlain by a veneer to 
only 5% of the HC claim group (Donaldson, 1988). To the 

blanket of till with a northeast-striking drumlin topography. 
Much of the area  west of the lake is covered with fluvial 

mcnts. Higher  elevations  on Holy Cross Mountain (eleva- 
sand and gravel, with lesser amounts oftill and organic sedi- 

tion: 1411 m)  have  hummocky topography and bedrock 
outcrops  with  a  colluvial veneer, while  lower slopes are 
overlain by veneers to blankets of till. There is no logging 
activity immediately around Bentzi Lake, but there has been 
considerable logging  in  the Holy Cross Mountain area. 

hultzu Creek - Nechako River drainage system. Drainage 
Bentzi  Lake  drains to  the  northeast through the Ta- 

into Bcntzi Lake  is prcdominantly from the west through 
two major inlets, the Targe Creek inlct and the: Northwest 
inlet. The Targe Creek watershed flows into the main basin, 
draining  a considerably larger region than the Northwest 
inlet  watershed.  However,  much  of Targe Creek  drains 
through a  swampy lowland area, whereas thc Northwest in- 
Ict drains an area of greater relief. Up to 80 ppb gold in 
stream sediments and up to 380 pph gold in p'mned heavy 
mineral concentrates were reported from the creek draining 
into Northwest  inlet by Donaldson (1988). 

BEDROCK  GEOLOGY  AND  MINERAL  DEPOSITS 
Bcntzi Lake  is situated above Endako Group volcanic 

rocks, but volcanics of the Ootsa Lake Group are exposed 
to the west and southeast. These rocks host the Holy Cross 
epithermal gold-silver-copper-zinc occurrence (MINFILE 
093F  029)  and comprise three units of altered and unaltered 
andesite, rhyolite and tuff (Donaldson, 1988). The first unit 
consists of massive maroon to grey andesite, porphyritic an- 
desite and massive basalt, and the second unit consists of 
pervasively  silicified  flow-banded  rhyolite and rhyolite 
brcccia. The third and least abundant unit comprises andesi- 
tic to dacitic tuff, felsic lapilli and crystal tuff. Areas of per- 
vasive  quartz-chalcedony  veining in the  rhyolite  unit 
contain gold concentrations up to 3 10 ppb, and zones of 
kaolinite alteration in the two lower units contain elevated 
coppcr-lead-zinc-silver concentrations. Specular hematite 
and pyrite occur in all units. The occurrence was originally 
staked (HC claims) by Noranda in 1987. 

FIELD AND LABORATORY 
METHODOLOGY 

SAMPLE  COLLECTION 

with a Hornbrook-type torpedo sampler using standard sam- 
Lake  sediments were collected from a zodiac or canoe 

pling procedures of Friske (1991). Samples  were stored in 
kraft paper bags and sample depth, colour, composition and 
odour  were recorded at each site. Sites were located along 
profiles traversing dccp and shallow-water parts of main  ba- 
sins and sub-basins, and at all stream inflows. The number 

Ministry of Enerm, Mines and Pelroleurn Resources 
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of sites  on  each lake ranged from  a minimum 01' seven in 
small Wolf Pond to  a maximum of fifty-eight in Bentzi Lake 
(Table 20-1). Sites were chosen to evaluate 1:he relationship 
between trace element patterns and mineral occu-rence lo- 
cation, bathymetry, organic matter content, drainage inflow 
and outflow  and  sediment texture. 

polyethylcne bottles from the centre of each lake: a surface 
Two  water  samples were  collected  in 250-.millilitre 

sample  and  a near-bottom sample. The  first  salnple was 
taken approximately 15 centimetres beneath the surface, to 
minimize collection of surface scum, and the se:ond was 
collected with a Van Dorn sampler 1 to 2 metres .lbove the 
lake bottom. Bottles were rinsed in  the  water to be sampled 
priorto collection, andobservations ofwater colourand sus- 
pended matter were recorded. The boat was an8:hored in 
place during both water sampling  and temperatrue/oxygen 
profiling to  prevent movement. Water samples w m  stored 
in a cooler and refrigerated prior to analysis. 

DISSOLVED  OXYGENAND  TEMPERATURE 
PROFILING 

made to verify pre-existing Fisheries Branch (B.C Ministry 
Dissolved oxygen  and  temperature measurements were 

of Environment, Lands and Parks) data, to detelmine the 
trophic status of smaller lakes for which data art: lacking, 
and to investigate the variability of these measurements 
within separate sub-basins of individual lakes. Water col- 
umn profiles were measured at  one  to five sites  on cach lake, 

Photo 20-3. Measurement of lake water temperah& and 
dissolved  oxygen  content. 
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Figure 20-6. Typical sample collection scheme. The modified 
20-sample  collection  block  incorporates twelve routine  samples 
and five field duplicates. Two  blind duplicates  and a control 
reference standard are inserted in prep laboratory prior to analysis. 
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usingaYSIModelS7oxygenmeterwithcableprobe(Photo 
20-3). Measurements  were generally made, at 1-metre in- 
tervals, in  the  centre of all  major sub-basins and  at two near- 
shore  sites  to a maximum  depth  of 29 metres.  The 
instrument was calibrated for  lake  elevation  and  air tem- 
perature  prior  to  measurement at each lake, and data  were 
collected only  during  the  afternoon period to standardize 

werea1sorecordedatthestartofeachprofile.Measurements 
measurement  conditions.  Prevailing  weather  conditions 

generally corraborated earlier  Fisheries  Branch  data  at  most 
lakes, although considerable within-lake variations were en- 
countered. Measurements  at  Clisbako  Lake  were inconclu- 
sive  due to the  onset of cold weather  in mid-September, 

lakes; profiles from the  deepest  part of each  lake  are  shown 
1992. A total of nine profiles were  surveyed in the three 

in Figure 20-2. 

SAMPLE  PREPARATIONAND  ANALYSIS 
Lake  sediment  samples  were initially field dried and 

then shipped to  Rossbacher Laboratory, Bumaby,  for final 
drying  at 6OOC. Sample  preparation was performed at Bon- 
dar-Clegg and Company, North Vancouver. Dry  sediment 
samples  were weighed, and disaggregated  inside a plastic 
bag using a rubber mallet. The  entire sample, to a maximum 
of 250 grams, was pulverized to  approximately -150 mesh 
in a ceramic ring mill. Two analytical  splits  were  taken from 
the pulverized material. The  first 30-gram subsample  was 
submitted to  Activation Laboratories, Mississauga, for de- 
termination of gold and 34 additional  elements  by instru- 
mental  neutron  activation  analysis (INAA). The second was 
analyzed  for zinc, copper, lead, silver, arsenic, molybde- 
num, iron, manganese and 22 additional elements, plus loss 
on ignition, by inductively coupled plasma - atomic emis- 

Field Duplicates: As + t i l  
(N=44) / I  

2 1  Clisbako  Lake 
0 Bentzi  Lake 

1 I I I I , / # # I  I i  i I ! , I  

1 2 3  5 10 20 30 50 100 

Au-1 (PPb) As-1 (PPm) 

Figure  20-7.  Log  scatterplot  of  field  duplicate A) gold  determinations (ppb; INAA) and;  B)  arsenic  determinations  (ppm;  ICP) from 
samples  from Wolf (n=5), Clisbako (n=17) and Bentzi (n=22) Lakes. 
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sion spectrometry (ICP-AES) following an aqua regia di- 
gestion. 

WatersampleswerefilteredthroughO.45-micronfilters 

vey Branch, Victoria, and submitted to Eco-Tech Lahorato- 
atthe Analytical SciencesLaboratory ofthe Geological Sur- 

ries, Kamloops. Samples  were acidified and analyzed for 30 
elements by inductively coupled plasma - atomic emission 

determined. Standards  and distilled water blanks were in- 
spectrometry (ICP-AES). Sulphate  and pH values  were also 

cluded in the sample suite to monitor analytical accuracy. 
Only sulphate and  pH  data  are included in this paper. 

QUALITY  CONTROL PROCEDURES 
SAMPLING  DESIGN 

An unbalanced nested sampling design similar to that 
described by Garrett (1 979) was used to assess sampling and 
analytical variation. The  sampling  scheme is a modified ver- 
sion of that  used  for the Regional  Geochemical  Survey 

prises twelve routine samples and: 
(RGS). Each block of twenty  samples (Figure 20-6) com- 

five field duplicate samples, to assess sampling variahil- 

two  analytical  duplicate samples, inserted after sample 

one control reference standard, to monitor analytical ac- 

ity; 

preparation to  dctermine analytical precision; and 

curacy. 

EVALUATION OF SAMPLING VARIABILITY, 
ANALYTICAL  PRECISION  AND  ACCURACY 

A total of 44 field  duplicate  samples were collected at 
sites in the three lakes. Results of gold and arsenic determi- 
nations  on  the field duplicates are shown  in Figure 20-7. 
Two of the  five field duplicates  in  each block of samples 
were randomly selected for further use  as analytical dupli- 
cate splits, and inserted as blind duplicates into the analyti- 
cal  suites  to  monitor  analytical  precision.  Appropriate 
ranges of copper  and gold-bearing standards, together with 
silica  blanks,  were  inserted  into  the  analytical  suites  to 

monitor analytical accuracy. Complete quality control re- 
sults will be reported elsewhere, hut up to eleven replicate 
analyses of each ofthree gold standards (medians: !i, 14, and 
38 pph Au) returned relative standard deviations C:RSD) of 
43.2,24.2 and 19.6%, respectively. 

RESULTS 

BASICSTATISTICS 
Summary  statistics for gold  and  other  elements  are 

shown in Table 20-2, with selected data listings fo~ .  all three 

the stated detection limits (gold 2 ppb) are reported as a 
lakes given in Tables 20-3,4 and 5. Concentrations helow 

value equivalent to one-half the  detection limit. Elevated 
gold concentrations, relative to regional background, occur 
in sediments of each lake, with Wolf Pond exhibiting the 
greatest concentrations of the three (Figure 20-8). Median 
concentrations of 43 pph gold (range: 11 to 56 ppb) occur 
at  seven  sites  in Wolf Pond, while median concenb:ations of 
9 ppb gold (range: 1 to  16 ppb) occur  in  forty  sites  in Clis- 
bako Lake.  The median gold concentration at Bentzi Lake 
(1 pph) is below detection limit  at 58 sites  draining  the HoIy 
Cross prospect; nevertheless, elevated gold concentrations 
up to 9 pph  occur locally in the sediments. 

among the three lakes, with  the greatest number of anoma- 
Concentrations of other elements differ considerably 

lous  elements  occurring  in Wolf Pond. Here, elevxted con- 
centrations of several elements including silver(mc:dian: 2.2 
ppm), arsenic (median: 47 ppm), zinc (median: 3 36 ppm), 
molybdenum (median: 18 ppm)  and antimony (median: 2 
ppm INAA) occur  in  sediments of the small pond. Clisbako 
and  Bentzi  Lake  sediments  exhibit  fewer  elements with 
anomalous concentrations. Elevated median concentrations 
of  24 ppm arsenic and 3.1 ppm antimony  occur  in Clisbako 
sediments, with maximum values of  46 ppnl and 6.2 ppm, 
respectively. Analysis of several Clishako  Lake saaples for 
mercury (atomic absorption spectrometry), as part ,of a sepa- 
rate study by the author, returned a maximum vallle of 170 
pphmercury. Thereareno elevated medianelement concen- 

LAKE  SEDIMENT  GEOCHEMISTRY  SUMMARY 
TABLE 20-2 

STATISTICS FOR SELECTED  ELEMENTS 

43 
32.57 

(11.56) 
18.55 

0 

8.88 
3.77 

(1.16) 

2.59 
1 

2.08 
(1-9) 

2 
1.60 

(0.4.2.7) 
0.99 

3.47 
3.1 

1.18 

(2.1-6.2) 

1.7 
1.77 
0.55 

(0.5.3.4) 
~ 

71 
54.29 

(22.61) 
26.18 

33.55 
35.5 

(6-59) 
11.76 

53 

51.31 
26.13 

(9.1001 
~ 

308 2.2 
230.43 1.61 

(90.372) (0.5-2.6) 
131.18 0.99 

99.5 0.1 
89.20 0.12 

(54.130) (0.1.0.1) 

22.24 0.08 

93.5 0.2 
96.86 0.21 

139-143) 10.1-0.6) 
25.21 0.13 

14 
9.43 

(1-17) 
7.35 

11.43 
12 

(8.16) 
2.55 

9 
9.34 

15-ii) 
2.22 

~ 

0.53 
0.5 

(0.2.0.9) 
0.28 

0.25 
0.2 

10.2-0.6) 
0.10 

0.2 
0.28 
0.18 

(0.2-1.3) __ 

15.29 
21 

17-26) 
8.46 

27.5 

26.05 
6.11 

(18-351 

16.31 
17.5 

4.0, 
(5.23) 

~ 

14.26 1561.81 2.83 31.37 
14.5 548.5  2.165 

3 5 1  (5-23) (251.18752:(1.58-(1.61) (4 .2 -421 

1.46 3527.71 2.21 13.25 
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TABLE 20-3 
LAKE  SEDIMENT  GEOCHEMISTRY  DATA 
FOR SELECTED  ELEMENTS:  WOLF  POND 

~~ ~ ~~ 

La*e NTS Sample k p u l  Rep 

(m) Status 

WOLF 93F 923602 7.5 0 

93F 923603 8 10 

93F 923605 8 20 

93F 92366 8 IO 
93F 9 2 3 W  8 20 

93F 923608 8 10 

93F 923609 7.5  20 

93F 923610 5 10 

93F 923612 5 20 

93F 923613 6.5 10 

93F 923614 5 20 

93F 923615 8 0 

Au As Sb Ba Mo Cu Pb ZO Ag As Co Cd CI Ni Mn Fe Wl 

PPb) (Ppm) (Ppm) (Ppm) (ppm) (Ppm) (Ppm) (ppm) (PPm) (Ppm)  (Ppm) @pm) bpm) (Ppm) (Ppm) ('4 (40) 

NAA WAA WAA MAA 

15 6.4 0.6 4 0  9 26 2 95 0.6 2 2 0.5 7 6 156  0.40  64.1 

43 55.0 2.3 280 18 72 8 316 2.3 54 14 0.6 21 26 353  3.52  52.3 

46 61.0 2.2 240 19 76 6 331 2.3 59 14 0.9 22 25 368  3.76  53.6 

46 80.0 2.5 240 23 81 12 372 2.2 83 17 0.4 24 24 511  4.73  49.4 

43 47.0 2.0 270 18 71 8 306 2.6 47 14 0.8 23 21 302 3.37 55.1 

45 82.0 2.4 230 24 77 14 374 2.1 90 20 0.3 25 20 5 W  4.98 50.4 

23 19.0 1.1 170 14 54 7 191 1.7 18 4 0.6 13 9 163  1.40  65.8 
11 6.7 0.4 4 0  10 22 6 90 0.5 4 1 0.2 7 7 92 0.47  43.6 
5 4.7 0.4 <SO 10 12 6 76 0.2 4 I 0.2 6 6 72 0.20  35.9 

14 6.1 0.7 4 0  13 31 3 91 0.6 6 2 0.3 8 2 87 0.66 40.7 
4 4.4 0.4 dO 13 I2 3 66 0.2 6 1 0.2 4 5 56 0.19  30.3 

56 60.0 2.7 290 20 77 16 343 2.5 53 16 0.9 24 24 338  3.70  52.3 

Note:  Rep  status of 0 indicates  a  routine  sample;  rep status of 10 and 20 indicate  the  first  and  second  samples of a field  duplicate pair, 
respectively. 
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Figure 21-8. Boxplots  showing  variations in A)  gold (ppb);  and  B) loss on ignition (%) among  sediments of Bentzi (n=58), Clisbako 

the box. 
(11-40) and  Wolf (n-7) lakes.  Median  concentrations  are  denotcd by  the  bold line in each  box; 50% of the  data for each  lake lies within 
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TABLE 20-4 
LAKE  SEDIMENT  GEOCHEMISTRY  DATA  FOR 

SELECTED  ELEMENTS:  CLlSBAKO  LAKE 

W;r m S S y n p k C , & U I q  A ” ~ S b ~ , M ~ m ~ A ~ ~ a m o N I w ~ ~  
(m) SUN2 W) (PP.0) wm) ( P P d  b m )  b m )  (PP”) e m )  0 wm) m) wm) mm) w=) (wm) (S) Is) 

MAA MAA MAA MAA 

CLISBAKO  93C 923032 3.5 0 

I t  34.0 6.2 Mo 2 33 2 Ill 0.1 32 16 0.2 27 48 IM3 3.11 M 8  93C 91sM.j 3 0 

6 25.0 6.1 790 2 I1 3 97 0.1 25 I3 0.2 23 I S  lll 3.10 l8.S 93C 925C.X 3 0 

16 31.0 6.2 480 2 41 3 IW 0.1 29 13 0.2 M 63 423 2.31 40s 93C 92Ha3 4 10 

12 34.0 6.7 %O 2 36 4 98 0.1 25 12 0.2 30 37 436 2.43 33.0 93C PZW 4 20 

I I  21.0 4.6 433 2 31 6 59 0.1 I1 I I  0.2 28 63 365 1.94 44.3 

93C 92Jm8 8 20 

9 26.0 2.6 333 3 31 4  I10 0.1 21 I2 0.2 32 % 884 3.66 S.4 93C 9oJm9 9 0 

I1  21.0 3.0 200 4 33 6 IM 0.1 25 14 0.2 33 61 138 3.31 SZS 9% 915010 8 I0 

6 zI.0 3.4 210 4 34 7 112 0.1 24 I3 0.2 32 37 46s 2.3, SI., 

91c purm 8 10 12 10.0 1.0 120 1 M 2 123 0.1 30 13 0.2 33 3s JM 2 5 2  m.3 

93c m 1 2  8 20 

I 9.3 4.9 810 I 8 3 Y 0.1 7 8 0.2 u ~8 Z.M 7.1 93c 915011 2,s 0 

8 26.0 3.1 no 4 37 z 1 1 1  0.1 27 15 0.2 33 s 666 2.93 n . 7  

93C 923OIS 3 10 

8 23.0 1.8 470 2 32 8 IO1 0.1 I7 I3 0.2 31 S I  631 3.18 41.4 93C  915016 S 20 
8 W.O 3.9 510 Z 3I W 109 0.1 25 13 0.2 32 53 643 3.26 19.9 

S 21.0 2.1 7M I 13 8 66 0.1 23 I 1  0.2 23 31 2.24 11.1 93C 9%?22 4 0 

I 18.0 4.0  420 2 23 9 83 0.1 21 I 2  0.2 25 46 S93 2.03 S2.3 93C 925QZC 7.3 20 
10 23.0 3.2 410 3 36 2 105 0.1 21 I4 0.2 33 62 641 3.M 37.7  93C 925019 7.5 IO 
3 20.0 2.2 790 I 10 2 59 0.1 20 11 0.2 18 23 919 3.13 7.8 93C 5ZJo18 4 0 

10 49.0 S.6 434 4 Jo 3 IM 0.1 4 IS 0.2 22 64 703 2.74 49.9 93C 925017 3 0 

93c mm z 0 I 160 5.1 560 2 19 8 n al 18 I I  01 24 42 se4 I.= 31.4 
93C 9 2 W  6 IO 

13 34.0 5.6 4&? 5 44 4 120 0.3 36 14 0.4 31 61 682 2.63 45.1 93C 92KRI 6 W 

6 24.0 S.3 670 I I7 2 69 0.1 26 12 0.2 20 26 12S3 2.89 17.8 

9lC pUm7 l0.S W 

7 29.0 2.1 2.54 3 31 2 101 0.1 26 I3 0.1 29 49 919 4.46 G.9 93C 915032 9 0 

8 33.0 3.4 320 3 28 4 93 0.1 31 1s 0.2 29 41 483 2.36 31.6 93C 915033 7 20 

3 M.0 2.6 270 3 I S  2 IC4 0.1 31 12 0.3 31 S2 924 3.S5 S.2 93C 9 W 8  9.S 0 

8 33.0 3.8 yx) 3 41 2 111 0.1 31 16 0.6 33 62  678 2.83 49.7 93C 7 10 

I 40.0 2.3 IC0 1 n 2 13 0.2 29 9 0.2 21 34 1039 1 7  46.9 

93c 9 m  10,s IO 4 38.0 2.1 m 3 29 z 118 0.1 40 11 0.4 n 47 1178 4 . ~ 6  46.8 

93c mm 10 0 8 11.0 2.1 110 I 17 2 38 0.1 n 7 0.2 17 33 587 2.23 42.6 

93C 915034 I 0 

S 13.0 2.1 354 4 25 2 M 0.1 I4  9 0.2 24 37 1.17 38.2 9% 9ZO6 2 20 

IO 16.0 2.6 340 4 32 2 9 0.1 18 9 0.3 21 42 97 l.S7 47.1 93C 9 Z M S  2 10 

6 22.0 2.1 390 3 29 S 71 0.1 25 13 0.2 27 38 7M 2.36 M.1 93C M 4 20 
9 2 4 . 0  2.2 4W 1 29 6 71 0.1 24 12 0.2 26 39 708 2.12 33.7 9% -3 4 IO 
7 14.0 3.1 yx) 4 36 6 SS 0.1 17 8 0.3 23 48 763 1.32 %.8 9% -2 2 0 

12 29.0 4.1 140 7 M 2 44 0.1 30 8 0.2 I3 39 669 0.88 72.3 9% 9ZWC 2 W 

8 21.0 3.2 Is0 6 38 3 7S 0.1 26 8 0.3 16 48 1199 1.22 l0.3 9% 915039 2 LO 
I3 20.0 4.0 200 6 39 6  62 0.2 21 8 0.6 19 54 3 s  1.21 68.9 9% 92938 1.5 20 
I4 19.0 3.6 210 6 37 2 57 0.1 21 7 0.2 19 48 W 1.1.1 67.7 9% 45036 1.S IO 
12 13.0 2.8 230 5 33 2 Y 0.1 I3 6 0.2 19 4 812 8% 61.2 9% W 3 5  1 0 

9 170 2.9 240 4 28 3 66 0.1 23 1 0.2 11 43 174s 1.9 63.1 

9% 3 0 I I  2s.o 3.6 190 4 M 2 m 0.1 30 9 0.2 21 SI 918 1.86 65.2 
93C 9wL18 3.5 0 I3 37.0 4.0 1 8 0  6 48 2 78 0.1 36 IO 0.2 16 Y 10% 2.01 l a 0  

9% 925852 3 20 8 21.0 3.1 320 3 41 2 79 0.1 I T  12 0.2 18 46 1011 2.X 535 

9% m 9  3 IO 

10 20.0 2,s 190 3 38 2 tm 0.1 18 12 0.2 30 SP 761 3.w ss.8 91c mm I 10 

10 21.0 3.0 m 3 41 2 80 0.1 19 I I  0.2 17 ly) w 2.1s 60.1 

9% WYX4 7 W 

IO 23.0 2.6 270 2 39 6 Im 0.1 21 12 0.2 33 61 632 2.n %.I 93C 925857 7 10 

IO 26.0 3.0 190 2 43 2 9S 0.1 24 I3 0.1 32 65 48l 2.a SS.! 9% 925858 6.S 20 

16 36.0 3.7 310 3 S9 S 1M 0.4 34 14 0.3 33 14 311 2.63 S8.6 9 Y  WSS3 S 0 

S 174 2.1 680 2 W 4 13 0.1 IS I4 0.2 20 34 4+9 2.N IS., 93C 9WM 3 0 

6 P O  2.S ZS? 3 38 2 59 0.3 20 I3 0.2 32 62 6% Zlll YJ 

932 9 2 m 9  5 o 16 32.0 1.9 310 3 37 3 1m 02 28 13 0.4 a 68 7s2 2.47 n3 
93c 9BC6il 9.S 0 

4 28.0 2.J Po 3 18 2 IM 0.1 26 10 0.3 33 53 114 I.% SI.: 93C pTm2 9.1 10 

8 29.0 2.6 220 3 36 2 9S 0.1 24 10 0.2 28 S2 832 3.79 31.1 

93c m 3  9.3 20 

9 25.0 3.0 230 3 41 z 105 0.2 7.4 I4 0.2 14 66 709 3.w n.:, 9% m 8 20 

I I  u.0 4.1 yx) 3 x 2 98 0.1 24 11 0.2 27 52 sa 3.n SI.’ 
9% 92x64 8 IO 6 26.0 3.2 310 3 19 3 110 0.1 W 13 0.2 33 62 1% 3.18 13.: 

9 Y  92%4 4.3 0 

12 33.0 3.3 224 4 45 2 0.3 24 I 4  0.2 I S  67 680 299 %.’! 93C -7 8 0 

I3 26.0 3.1 340 2 46 2 IM 0.2 24 12 0.2 33 70 3.19 S h L  
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Brifish Columbia 

LAKE  SEDIMENT  GEOCHEMISTRY  DATA  FOR 
TABLE 20-5 

SELECTED  ELEMENTS:  BENTZI  LAKE 

12.3 
12 

93P 923m 
93P 923202 
93P 923% 
93P 923m 
93P 923m 
93P 923210 
93F 923212 
93P 923213 
93P 921214 
931’ 923213 
93P 923216 
93P 923211 
93P 923218 
93P 923219 
93P 9232W 

93P 923224 
93P 923m 
93P 923226 
93P 923221 

93P 923230 
93P 923229 

93P 923212 
93P 923233 

93P 923235 
93P 92323d 

93P 923236 
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trations  present in Bentzi Lake, with the possible exception 
of  antimony (median: 1.7 ppm). Nevertheless, elevated ar- 
senic,  antimony  and  copper  concentrations  up to 35 ppm, 
3.4 ppm and 100 ppm, respectively  occur locally. 

ignition (%), increases  with  decreasing  size  of  the  three 
Median  organic  matter  content,  expressed  as loss on 

lakes  studied,  ranging  from a high of 52.3% at Wolf Pond 
to a low of 35.9% in Bentzi Lake  sediments  (Figure 20-8). 
The  highest  individual LO1 values  occur in sediments  at 

taining  significant  undecomposed  organic matter.  Wolf 
Clishako Lake, where  values  reach 70.5% in samples con- 

dian: 3.37%), whereas  Clisbako  sediments conlain elevated 
Pond sediments  contain  elevated iron concentrations (me- 

manganese  concentrations (median: 745 ppm). 

CORRELATIONANALYSIS 
Pearson  log  correlation  matrices  for  twelve  selected 

variables  and  elements  from  Bentzi  and  Clisbako  Lakes  are 

termined by M U ,  remaining  elements  are  ICP determina- 
shown in Figure 20-9. Gold,  arsenic  and  antimony  were de- 

tions.  Data  for both INAA and ICP  arsenic  determinations 
are  included.  No  correlation  matrix  is given fox Wolf Pond, 
as  too  few  samples  were collected to permit meaningful cor- 
relations. Significant inter-element correlations, defined as 
those exceeding the critical  value  above  which they are  sig- 

Figure 20-9. Pearson log correlation  matrices for selected  elements 
from  Clisbako (n40) and Bentzi (n=58) lakes. All data  except 
sample  depth  logged.  Significant  correlations  (Clisbako: r 0.261, 
Bentzi: r 0.218; 95% confidence  level)  shown in bold type. Au 
(IN), As (IN) and  Sb (IN) data are INAA results;  remainder  are 
ICP determinations. 

nificantly  different  from  zero  at  the 95% confidonce level 
(Clisbako: r 0.264: Bentzi: r 0.218), are  more  numerous in 
Bentzi Lake  sediment (47 significant  correlations) than  in 
Clisbako  Lake sediment (3 1 significant  conelaticns).  Most 
significant  correlations  are  positive;  there are only three sig- 
nificant negative  correlations  for  each lake. 

A number  of  significant  correlations  are  common  to the 
sediment geochemistry of both lakes. Gold  correlates with 

with  most  correlations  stronger in Clisbako  as  opposed  to 
copper, zinc,  molybdenum,  arsenic  and LO1 (Figure 20-IO), 

Bentzi sediments. Copper, molybdenum,  zinc and arsenic 

correlations with molybdenum,  zinc  and arsenit:. Sample 
also  correlate  with LOI. Copper  also  exhibits  significant 

depth  correlates  with  arsenic,  zinc  and iron in mch lake. 
Lead  and  manganese  exhibit  significant  negative comela- 
tions. 

the two  lakes  for  some  elements.  In particular, thwe  are nu- 
There  are  differences in correlation  patterns between 

merous  significant  correlations in Bentzi sediments  which 
are  not present in the  Clisbako data. These include correla- 
tions  with depth (Cu,  Mo,  Mn, LOI), LO1 (Sb, :an), anti- 
mony (As, Cu, Zn, Mo,  LOI) and molybdenum (As (INAA), 
Sb, Zn, Pb, depth). As an  example  of the foregoing, LO1 
increases  with  depth in Bentzi Lake  and Wolf  Pond,  but 
shows  no  relation  to  depth in Clisbako  Lake  (Figure 20-1 I). 
Notably, iron and manganese  exhibit  few  significant posi- 
tive  correlations,  other than with  depth and arseni :, in either 
of the two lakes. Manganese  correlates  with copper, zinc, 
LO1  and depth in Bentzi Lake only, while iron correlates 

relate significantly with  each  other in Bentzi Lake, but not 
with  zinc in Clisbako  Lake only. Iron and manganese  cor- 

in Clisbako Lake. 

SPATIAL DISTRIBUTION OF GOLD AiYD 
OTHER  SELECTED  ELEMENTS 

ure 20-12) show  considerable  variation among, the  three 
Frequency  distributions  of gold in lake sediments (Fig- 

mately normal distribution,  whereas  those  of B$:ntzi Lake 
lakes. Clisbako  Lake gold concentrations  show  an approxi- 

are a more typical positively skewed distribution. Element 
distribution  maps  for gold (ppb), arsenic  (ppm)  ar'.dLOI (%) 
for Wolf Pond,  Clisbako  and  Bentzi  lakc  sedi,ments  are 

depth  (metres)  maps  are  also  shown.  Several eknents [no- 
given in FiguresZO-I3 through 15. Site location end sample 

tably  gold,  arsenic  (Figure 20-13). silver, zinc,  iron and 
manganese]  exhibit  very  similar geochemical :>atterns in 

throughout  the  pond, but the  greatest  occur at four sites 
Wolf Pond  sediments.  High  element  concentralions  occur 

along a southwest trend in the  central  part  of the b,pin. These 
sites  occur roughly within the bounds of the 8-mc:tre sample 

ment near the pond margins. Molybdenum :patterns differ in 
depth  contour;  lower  element  concentrations ocIur in sedi- 

that  anomalous  concentrations are much more uniformly 
distributed  throughout the pond, but the highest concentra- 
tions, nevertheless, occur in the basin centre.  There  are no 
apparent  correlations  of  high  element concentrrltions with 
LO1  in  Wolf Pond,  although  anomalous samples do  exhibit 
a rather  narrow  range  of LO1 values  betweell 49.4 and 
55.1%. The  similarity  of  anomalous  element con4:entrations 
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Au in Sediments: Wolf Pond 
A" 

1 - 10  ppb 

11-20ppb 

a 21-4Oppb 
0 41 -fOppb - 

Au in Sediment: Clisbako Lake 

Au (ppb) 

Figure 20-12. Frequency  distributions of gold in sediment of 
Wolf (n=7), Clisbako (n=40) and Benrzi (n=SS) lakes. 

indicates  that  metals are relatively  uniformly  distributed 
throughout the sediment, both between and within (field du- 
plicates) site locations. 

Clisbako  Lake (Figure 20-14) has the most complex 
gold geochemistry patterns of the three lakes studied. As 
with  Bentzi  Lake, gold has little correlation with depth, and 
the  highest  values  are  not  located  in the deepest part of the 
lake. Although elevated gold concentrations occur through- 
out Clisbako Lake, there are three groupings of high gold 
values ( IO ppb), each  with different characteristics and po- 
tentially  different sources. The  first  comprises four sites 
along the southwest  side of the lake, where sediment sam- 
pled on the profunda1 slope at  depths of 4.5 to 8 metres con- 

Figure 20-13. Wolf Pond,  showing  distribution of gold  (ppb), 
arsenic (ppm) and loss on  ignition (%), and site  locations and 
sample  depths (m). 
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tains 12 to  16  ppb gold. A  fifth  site nearer the shore (depth: 

profundal basin itself  contain less gold. The second group 
3 metres) contains IO ppb gold.  Sites  at  greater  depths in the 

east  side  of  the  lake,  where  sediment  contains 'I 1 to 16 ppb 
of four sites  is located near the stream inflow on the south- 

which  are of a typical gyttja composition, the  latter  samples 
gold at a depth of 3.5 to 8 metres. Unlike  the  fust group, 

range in composition  from organic to sandy organic.  The 
thirdgroupislocatednearthestreaminflowinthenorthwest 
comer  ofthe lake. Here,  several  sites  with up to 14 ppb gold 
occur on a shallow  shelf at depths  of 1 to 3.5 metres. Sedi- 

ponent  of poorly decomposed organic matter and has the 
ment  from these shallow-water sites  contains a large com- 

highest LO1 values in the  lake.  Gold  concentrations de- 
crease  eastward  down  the  profundal slope and basin. The 
highest iron concentrations  (up  to  4.86%)  occur in the pro- 
fundal basin where gold values  are low. Although  some  of 
the lowest gold concentrations in Clisbako  Lake occur in 
parts ofthe  profundal basin, none  ofthese sites  contains less 

within a deep,  narrow  subaqueous  channel ( 24. m) parallel- 
than 4 ppb gold. The  few  sites  containing  less than 4 ppb  are 

values  do not occur  at  all  locations near this  channel. With 
ing the  southeast  side of the lake. However, elevated gold 

the  northwest  bank  of,  the  channel at sample  depths of 19 
two exceptions,  the  highest gold values  are eiher in, or on 

to 35 metres. None  of the three nearby sites on the southeast 
side  of  the  channel  contain  detectible gold concentrations. 
Elevated gold values (4-5 ppb) also  occur in sediment at 
shallower  depths  between the channel and the northwestern 

of sites in the  deepest  part of the profunda1 basin, in the 
arm  of the lake, but there  is no detectible gold at a number 

southwest  centre  of  the lake. Interestingly, gold-poor sedi- 
ments of the deep profundal basin have higher  manganese 
contents (maw: 18 752 ppm) and lower LO1 values (range: 
35-39%) than do  sediments  from  the  channel,  where man- 
ganese and LO1 values  are  (with one exception) in the 1000 
to 1400 ppm and  46  to  49% range, respectively. The  four 
channel  sites  with  anomalous gold concentrations,  although 
not  the  deepest,  are those with  four ofthe  highest LO1 values 
in Bentzi Lake. 

ure 20-9), and only two sediment  sites with elevated gold 
Neither iron nor manganese  correlates  with gold (Fig- 

concentrations  contain  appreciable  manganese.  Among 
trace elements, arsenic has a similar  distribution  pattern  to 
gold, with  the  highest  arsenic  concentrations also occurring 

are  somewhat  more widely distributed and extend  to sedi- 
in the channel.  However, elevated arsenic  concentrations 

more  closely  associated  with high iron and manganese con- 
ment io  deeper  parts of the profundal basin, where they are 

centrations than is gold. 

DISCUSSION 
Lake  sediments  consist of organic gels, organic sedi- 

ments and inorganic sediments  (Jonasson, 1976). Organic 
gels, or gyttja, are  mixtures of particulate organic matter, 
inorganic precipitates  and  mineral matter ( W e a l ,  1983), 
and are mature green-grey to black homogenous  sediments 
characteristic  of deepwater basins. Organic  sediments are 
immature  mixtures oforganic gels, organic  debris and min- 

eral matter occurring in shallow  water  and near drainage 
inflows (Jonasson, 1976). Inorganic sediments, by contrast, 
are clastic-rich  mixtures  of mineral particles  with  little or- 
ganic matter. Of  the  three  varieties  of lake sediments, or- 
ganic gels  are the most  suitable  geochemical  exploration 

been favoured as  ideal  sites  for regional geochemical sam- 
medium;  deep-water  basins  where they accumulate have 

plingpriske, 1991). Sediment  compositionis inflnenced by 
bedrock geology, surficial geology, climate, soil:,I, vegeta- 
tion,  mineral  occurrences  and  limnological factors. Sedi- 
ment geochemistry in the  Nechako Plateau, as in other areas 
of Canada, generally  reflects  bedrock variations (Hoffman, 

chemistry also reflects  the  presence  of nearby epithetmal 
1976;Gintautas, 1984).Thisstudyshowsthatsedinentgeo- 

gold occurrences, and provides  preliminary  evideme for the 
hydromorphic mobility of gold in the  Cordillera., Elevated 
gold concentrations  occur in sediments of all  three  lakes 
surveyed adjacent  to  epithermal gold prospects, with differ- 
ences  being primarily related to: the  median concentrations 
of gold present; variations in the gold distribution patterns; 
and variations in the suite  of  anomalous  elements. 

GOLD CONTENT OF LAKE SEDIMENT,S 

cunentlyavailablefortheNTS93F(Nechak;oRiver)or93C 
There  are no regional lake sediment  geochenlishy  data 

(Anahim Lake) map  areas  with  which  to  compare YO element 
concentrations  from Wolf, Clisbako  and Bentzi lakes. How- 
ever, median  values of selected  elements  from RGS centre- 
lake sediment  data (N = 445) for  adjacent NTS map areas 
93E  and 93L (Johnson ef al., 1987a,b) to the wes!; provide a 
useful  estimate  of  regional  background  levels (Table  20-6). 
For example, background gold (1 ppb)  and arsenic (4 ppm) 
concentrations are far less than those detecfed in sediments 
adjacent to epithermal mineralization in this study. Region- 

ppb gold. Element  concentrations  reported  here :Ire greater 
ally, sediments in only 22 of  421  sites  contain  more than 10 

than regional background  even  when  underlying bedrock 
variations  are  considered.  Mean gold (1.8 - 2.f) ppb) and 
arsenic (4 - 5.1 ppm)  concentrations in lake  sediments over 
rhyolite, tuff and  volcanic  breccia  lithologies reported by 
Earle (1993) are  considerably  less than those in sediments 
from  this  study. More appropriate  estimates cf regional 
background  concentrations  will be available  wheh  results of 
regional lake sediment surveys in parts of  NTS  map  areas 
93F/2,3,6, 11, 12, 13  and 14 (Cook  and Jackarnan, 1994) 
are released. 

TABLE 20-6 
MEDIAN AND RANGE OF SELECTED  ELEMENTS IN RGS 
CENTRE-LAKE  SEDIMENTS (N=445) OF NTS hlAP AREA 

93E (WHITESAIL  LAKE) AND 93L (SMITHERS) 
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DISTRIBUTIONAND  SOURCE OF GOLD  IN 
LAKE SEDIMENTS 

the  presence of m i n e d i t i o n ,  but also  the  general  direction 
Gold  distribution  patterns in sediments  reflect  not only 

toward its  source.  The  gold  distribution in the Wolf Pond 
basin is very uniform,  and  the  small  size  of  the  watershed 
makes the  source  area  relatively  easy to discern. The Clis- 
bako  and  Bentzi  Lake  watersheds are considerably larger, 
but nevertheless  the  location  of alteration and  mineralized 
zones  is  revealed by gold distribution patterns. For  example, 
gold distribution  patterns  at  stream  inflows of  Clisbako 

northwest  of  the  lake  (Figure 20-3). The  source  of gold in 
Lake  clearly  reflect gold in alteration  zones  both  south  and 

sediments on the  southwest  side  of the lake is unknown. 

margin has been  mapped as a  colluvium  veneer  over  till 
Interestingly, the area  adjacent to and  upslope from the lake 

(Proudfoot and Allison, 1993),  suggesting  the possibility 
that its  source  and  composition may differ from that of  the 
underlying  till. High gold  concentrations  in  Bentzi  Lake  do 
not  have  such  a direct spatial  relationship to stream  inflows 
as exists  at  Clishako. However, both the  shape of  the gold 

the  deep  channel  suggest  that gold entered the main basin 
pattern and the  distribution  of gold on the  northwest  side of 

from the  northwest,  probably  through  the  Northwest  inlet 
where  anomalous gold concentrations  occur in stream sedi- 
ments  (Donaldson, 1988). and  concomitantly  dispersed  to- 
ward  the  northeast  part  of  the  lake  with  the  regional 
hydrologic flow. Reasons for the low gold concentrations in 
sediment  of  the  Northwest arm basin on Bentzi  Lake are 
unknown, but may not  involve  limnological factors; oxygen 
and temperature profiles indicate that similarrelatively  oxy- 
gen-rich  mesotrophic  regimes  occur in both basins. The 
more widespread  distribution  of  other  elements,  such as ar- 
senic,  seems to render  these  less  useful  in  determining 
anomaly  source. 

EVIDENCE  FOR  HYDROMORPHIC ORIGIN 
FOR GOLD  INLAKE SEDIMENTS 

than  clastic, origin for the high gold concentrations in sedi- 
Preliminary  evidence indicates a  hydromorphic,  rather 

ments ofthe three lakes. These  include the close association 
of gold with  organic matter, the  similarity  of gold concen- 
trations in field  duplicate  samples,  the  uniformity  of gold 
concentrations  at  similar  sediment  depths,  and the absence 

at Wolf Pond. Schmitt et al. (1993) have recently  summa- 
of significant clastic  input into  the  lake  basins, particularly 

rized studies  relating to the mobility  of gold in surface wa- 
ters. It may form the  hydroxide  complex  AuOH(HZO)* in 
neutral  sulphur-poor  lake  waters, as well as gold-humic 
complexes in suspended matter, permiting  a  limited  degree 

gold dispersion  distances  of  200 to 300  metres  were  sug- 
ofdown-drainage  hydromorphic dispersion. Hydromorphic 

but results of this study  suggest  considerably  greater  dis- 
gested  by Fox et aZ. (1987) far  lakes  in  the Canadian  Shield, 

tances are likely. Perhaps  the  most  interesting  finding is the 
close  association  between gold and  organic matter, whether 
in deepwater  gyttja  (Bentzi Lake) or shallow  near-shore 
organic  sediments  (Clisbako Lake). At  Clisbako,  there is a 
gradual  decrease in sediment gold concentrations toward 

the  centre of the  profundal  basin  from  three  separate  sides 

side,  and  the  margin  sites on the  southwest side. Similarly, 
of the lake: stream inflow  areas on the  south  and  northwest 

tre of  the  profundal basin, where  organic  matter  decreases 
gold  concentrations in Bentzi  Lake  decrease  toward  the  cen- 

and iron content  increases. 

ments from Shield  regions  is  well known. Several  studies  in 
The association  of gold and  organic  matter in lake sedi- 

Saskatchewan  and Ontario (Schmitt et al., 1993; Fox et al., 
1987;  Coker e f  al., 1982)  have  reported  the  presence of ele- 
vated gold concentrations  in  organic-rich  sediments. As in- 

scavenge gold before it disperses to deeperparts of the lake. 
dicated in this study, near-shore  organic  sediments may 

Both  Coker et uZ. (1982)  and Fox et al. (1987)  noted that 
organic-rich  sediments  with  highest  gold  values  may be 
near-shore  sediments as well as  those  ofthe profundal basin. 
Results are mixed regarding  the  relationship  between  gold, 

vated gold concentrations  and  those  of  iron or manganese 
and iron and  manganese.  There is little  relation  between  ele- 

gold by iron or manganese  oxides is relatively  unimportant. 
in either  Clisbako or Bentzi  Lake,  suggesting  scavenging  of 

Considerably  higher  iron  concentrations are associated  with 
anomalous  concentrations  ofgold and other  elements  at  eu- 
trophic Wolf Pond, however, indicating  the need for addi- 
tional work in determining  the  form  of  iron in this basin. 

FACTORS CONTROLLING  THE  ABUNDANCE 
AND DISTRIBUTION OF RELATED 
ELEMENTS 

metal  occurrences may  exhibit  multi-element  geochemical 
Sediments  of lakes  adjacent to epithermal  precious 

signatures.  Elevated  concentrations of gold,  silver,  arsenic, 
zinc,  molybdenum  and  antimony  occur in sediments  drain- 
ing the  Wolf occurrence.  However,  lake  sediments  at the 

centrations  of  only  gold,  arsenic  and, to a  lesser  extent  an- 
Clisbako  and  Holy  Cross Occurrences contain  elevated con- 

timony. Variations in  the  suite  of  anomalous  elements in the 
sediments  probably  reflect  the level of  the  hydrothermal 

thermal  systems,  while  near-surface  arsenic  and  antimony 
system. Base metal  distributions  increase  with  depth in epi- 

els  (Panteleyev,  1986).  Consequently,  elevated  levels  of 
may indicate potential precious  metal  deposits at  deeper  lev- 

gold, arsenic and  antimony  alone in sediments,  such as at 
Clisbako, may reflect the geochemistry  ofnear-surface  sys- 
tems; a  wider variety of precious  and  base  metals,  such as 
the  elevated  gold, silver,  zinc  and  molybdenum in  Wolf 
Pond sediments, may indicate a  deeper  position  within  the 
system.  Molybdenum  concentrations of up  to 23  ppm in the 

to the highest  molybdenum  concentrations  obtained by the 
centre  basin  of Wolf Pond are,  for  comparison,  equivalent 

porphyry  molybdenum-copper Occurrence north  of  Endako 
author from sediment of Tatin Lake,  adjacent to the  Ken 

(Cookand Jackaman,  1994). 

teration  zones,  as  well as limnological  factors  related to 
The element  content  of  near-surface  hydrothermal  al- 

scavenging by iron-manganese  oxides, may also  affect  the 
suite  of  anomalous  elements in lake  sediments.  Alteration 
zonesattheWolfoccmencehaveagreaterarealextentthan 
mineralized  stockwork  zones,  and  comprise  zones of  ad- 
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Minisfn, ofEnew, Mines andPetroleum Resources 

vanced argillic alteration  within broader areas  of argillic al- 
teration (Andrew, 1988). Kaolinite  is  the  dominant mineral 
of  the argillic alteration  zones,  with  lesser illite and mont- 
morillonite  (Schroeter  and  Lane,  1994;  Andrew,  1988). 
Such argillic alteration  zones  commonly  contain elevated 
levels  of gold, arsenic  and lead, although in lower  concen- 
trations  than  found in silicified  zones (Panteleyev, 1986). 
The  clay  alteration  zones  provide larger exploration targets 
than the  auriferous  stockworks  themselves, but the  relative 
importance  of their weathering  product  contribution  to lake 
sediment  metal  content  is  not clear. 

EXPLORATION  RECOMMENDATIONS 

enport  and McConnell, 1988;  Rogers,  1988) have deter- 
Studies in other parts ofCanada (Fox el a/ . ,  1987; Dav- 

mined  lake  sediment  geochemistry  to be  an effective gold 
exploration method. However,  results of some  studies in the 
Canadian Shield (Fox ef ai, ,  1987;  Coker et ai., 1982 con 
cluded reconnaissance-scale (ie. 1  site per6 to 13 km 1 -  )lake 

anomalous  areas,  and suggested that 1 to 3 samples per lake 
sediment  exploration  for gold to  be  inadequate for locating 

pling(ie.every1ake)approach.Nositedensityorfieldsam- 
be collected. Results  ofthis study support  the  detailed  sam- 

ple  size  recommendations  are  given here, as  comparative 

versus  1  to 13 km’) and sample  sizes  are currently in pro- 
studies of various  regional  sampling  densities (1 to 7.5 km2 

gress. The  following  preliminary  recommendations  are 

posits in the northern  Interior  Plateau. 
given for  geochemical  exploration  for epitherrnal gold de- 

SAMPLE  MEDIA  AND  SAMPLING 
STRATEGIES 

exploration  if every lake in the survey area  is sampled. The 
Lake  sediment geochemistry is most  effective  for gold 

gold content o f  Wolf Pond  sediment  illustrates  the impor- 

has  been  applied  to  regional lake sediment  surveys  con- 
tance of  sampling  even  very  small drainages. This strategy 

ducted by the Geological  Survey  Branch in the northern In- 
terior  during  1993  (Cook  and Jackaman, 1994.). 

A single  centre-lake  sample  should be collected from 
the profunda1 basin in small lakes, and additional  samples 

multi-basin lakes. Although the lakes of this study do not, 
should  he  taken  from  the  centres of all other major basins in 

with the exception  of  Bentzi Lake, have more than one  ma- 
jor basin, a  wide  range  of  copper and molybdenum concen- 
trations  occurs  between  different  sub-basins  of  lakes 
adjacent  to  porphyry  molybdenum-copper  occurrences 
(Cook, 1993a) in the Interior Plateau. 

fective  sampling  method  for  trace  elements  such  as  copper 
Collection  of centre-lake  gyttja samples is  the most  ef- 

and zinc, but evidence  from this and  other  studies  (Coker ef 
al., 1982;  Fox et al., 1987)  suggests  that gold may also be 
concentrated in near-shore organic-rich sediments, particu- 
larly  near  drainage  inflows.  Collection of  samples from 
these areas, in addition to centre-lake sediment, is recom- 
mended  for  detailed  surveys. 

SAMPLE  PREPARATIONAND ANALYSIS 

demand  the use of  an  analytical  technique with a I W N  detec- 
The  low  concentrations  of gold within lake sediments 

tion limit of 1 or 2 pph. No comparisons  of INAA with either 
fire  assay/GF-AAS or ICP-MS  were  conducted in Cis study. 
If  using fire  assay  techniques, however, low gold detection 
limits  require a greater  vigilance  about  sediment contarni- 
nation (P.W. Friske,  personal  communication, 1993). 

when  using  lake sediments  for gold exploration. Inclusion 
A rigourous quality control  program is  a necessity 

ofabundant standards, field duplicates  and  analytical dupli- 
cates is recommended  due to the  very  low  concentrations 
occurring in lake  sediments and the  particle sparcity effect. 

senic  and  antimony  are  useful  pathfinder  elements in  chis 
Analysis  for  additional  elements  is  recommended. Ar- 

study. Elevated concentrations  of base metals such as zinc 

jacent  to the erosional  remnants  of  lower-level lydrother- 
and molybdenum are more  likely to be  present in lakes ad- 

mal  systems. 

FOLLOW-UPOFANOMALOUSSITES 

of 4 ppb or greater in centre-lake  sediments reflecr the pres- 
Results  of  this study indicate  that gold concmtrations 

enceofadjacentgoldoccurrences. Similarconclusionswere 
reported from  Newfoundland  by  Davenport and  M:cConnell 
(1988). The very subtle  level of gold anomalies in lake sedi- 
ment  cannot  be  overemphasized.  For  example,  sediment in 
a lake adjacent  to  the  large  Hemlo  deposits in northern On- 
tario was reported by Friske (1991) to contain  only  6  ppb 
gold in an  area  with  a  background  of less than 1  ppb. 

Follow-up ofanomalous lakes, involving botb verifica- 
tion ofthe original  anomaly and determination ofa potential 
source  direction,  should  include re-sampling of the centre- 
lake  site, as well as  sampling  of near-shore sediment from 
all  sides  of  the lake.  Organic  sediments  near  inflowing 
drainages are particularly important to sample. The  collec- 
tion of duplicate  field  samples  is  recommended. 

CONCLUSIONS 

lakes  reflect  the  presence  of  nearby  epithermal  precious 
Lake  sediments  at Wolf Pond,  Clisbako  and  Bentzi 

metal  occurrences,  containing  maximum gold concentra- 
tions  of  56  ppb,  16  ppb and 9 ppb, respectively. These con- 
centrations are far in excess o f  the regional background of 

lake sediments may, but donot necessarily,conta:nthehigh- 
1  ppb gold in lake sediments of adjacent map are,as. Centre- 

est   gold  concentrations.   Instead,  dist inctive  gold 
distribution  patterns in Clisbako  and Bentzi laki:s are more 
strongly  influenced by high  organic  matter Content  and 

tions clearly indicate  the  positions  of stream  and  groundwa- 
bathymetry than by basin depth,  and their shapeis and loca- 

ter  inflows  draining upslope epithemal mineralization and 
alteration zones. Preliminary results indicate a hydromor- 
phic rather than mechanical  origin  for the gold in the sedi- 
ments. The  suite  of  anomalous  elements in sediment of the 
three lakes  may be related to the level of the adjacent hy- 
drothermal system, with  elevated  concentratior s of a wide 
variety of base and precious  metals in Wo1.f Pon,d reflecting 
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the  geochemistry of lower  level  systems. In contrast, 
anomalous  levels ofonly gold, arsenic  and  antimony  in Clis- 
bako  and  Bentzi Lakes are probably  derived from the weath- 
ering of higher  level  systems. For exploration,  sampling of 
each  lake  and sub-basin during  regional  lake  sediment sur- 
veys  is recommended. In follow-up surveys, near-shore or- 
ganic  sediments  adjacent to drainage  inflows  should  also be 
sampled. 
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ANALYTICAL  METHODS FOR DRIFT 

By R.E. Lett 
B.C. Geological Survey Branch "- 

INTRODUCTION 
The evolution of drift  sample analysis in Canada re- 

flects the  development of improved exploration technology 
in glaciated regions, largely stimulated by the search  for 
gold in concert with a greater understanding of the character 

drift  surveys commonly used the same methodology as  soil 
and genesis of glacially transported materials. Before 1970, 

geochemical surveys, where  the -80 mesh (<O. 177 mm)  size 
fraction of the sample was analyzed for a small number of 
metals (e.g. Cu, Pb and Zn), using a mineral acid digestion 
and atomic absorption spectrometry or colorimetric meth- 

high relief, where the  drift  cover is relatively shallow, but 
ods. This approach was relatively successful in regions of 

often failed to  detect mineralization in terrain typical ofthe 
Canadian Shield because of the  greater thickness and stra- 
tigraphic  complexity of drift. Improved deep overburden 
sampling methods, the concentration of specific minerals 
into different density and grain-size fractions and the appli- 
cation of more sensitive analytical methods has enhanced 
the  ability of drift  exploration  techniques  to  detect con- 
cealed mineralization. 

Sample preparation and analytical methods typical of 
drift prospecting programs in Canada hefore 1980 are sum- 
marized in Table 21-1. Early surveys used potassium pyro- 
sulphate fusion and colorimetric analysis of the -80 mesh 
fraction to  analyze till samples (Ermengen, 1957a). Heavy 
minerals (>2.9 SG) were recognized by Lee (1963) as  an 
appropriate medium  for improving gold anomaly contrast 
in drift samples collected in  the Kirkland Lake area. Re- 
verse-circulation rotary drilling  was introduced in 1971 as 
a more efficient method for obtaining deep overburden ma- 
terial  in  northern  Ontario  (Thompson, 1979).  In  the 
Kanamack Lake area, Northwest Territories, Shilts (1972) 

and <0.002-millimetre grain-size fractions; the 23.3 spe- 
separated till and  esker samples into the <0.063-millimetre 

cific gravity (SG) density fraction of the <0.250-millimetre 
grain size; the >2.85 SG of the 1 - 0.250-millimetre grain 
size, a magnetic  fraction and a bromoform separate. These 
fractions were analyzed by an acid digestion and atomic ab- 
sorption spectrometry for copper, lead, zinc, nickel, cobalt, 
silver and molybdenum. The  sample preparation procedure 
developed for the Kanamack  Lake  samples formed the  basis 
for  many  later  regional  drift geochemical surveys. 

and zinc  values produced by aqua regia digestion and atomic 
Contemporary  work in  Sweden compared copper, lead 

absorption analysis, and spectrographic analysis of four dif- 
ferent  size  fractions  from  till profiles. Result? showed that 
the greatest geochemical background to anomaly contrast 
was  obtained  using  the  finest  (10.053mm)  fraction 
(Eriksson, 1975). In Canada, at the same time, coarser  size 

fractions were found to  he effective, as illustrated by the lead 
and  zinc analysis of -10+270 mesh  size material from till 
and fluvial deposits  over  the Anvil, Yukon base metal de- 
posit (Morton and Fletcher, 1975). Increased intwest  in ex- 
ploration  for  uranium  during  the  late  1970s  stimulated 

of neutron activation analysis to measure uranium in  the 
further orientation studies, which resulted in the {reater use 

clay (<0.002 mm) size fraction of drift samples. Analysis of 
the clay fractioncombined  withlower  detectionlimits using 
neutron activation and were found  to dramatically improve 
uranium anomaly  contrast  as  well as the ability to detect 
concealed uranium mineralization (DiLabio, 1979). Multi- 
element analysis using different mineral acid dige stions and 
inductively coupled plasma emission spectroscopy also as- 
sisted mineral exploration hy providing data for element 
patterns characteristic of different types of  urani'm depos- 
its. 

Examples of methods commonly used from 1980  to 
1989  are summarized in Table 21-2. Much of th: informa- 
tion presented is based on  data originally gathered hy Coker 
and DiLabio (1987). High gold prices in the 1980s encour- 
aged exploration throughout  Canada  and especially in the 
Shield, where the thick drift challenged those seeking new 
precious metal deposits  to improve the existing overburden 

trates of drift samples, recovered by reverse-circulation ro- 
sampling and analytical methods. Heavy mineral concen- 

tary  drilling  and  analyzed by  neutron  activat.ion,  were 
instrumental in  the discovery of significant gold minerali- 
zation in Ontario, Qu6bec and Saskatchewan (Routledge el 
a[., 1981; Sauerhrei ef ai., 1987; Averill and  Zinmerman, 
1986). 

The inwoduction of non-destructive neutron activation 
analysis, originally by Lee in 1986, enabled an examination 

thereby retaining  the integrity of original till mineral con- 
of the sample  mineralogy to be  made  after th,: analysis, 

centrate  (Bloom, 1987; Bird  and Coker, 1987). While a 
small number of drift geochemical surveys (e.g. James and 
Perkins, 1981) continued to  use the -80 mesh (c3.177 mm) 
fraction of the sample for analysis, most ofthe re::ional drift 
sampling programs carried out by the Geologica: Survey of 
Canada  and provincial counterparts  after 1980 employed 
muti-element  analysis of the <0.002-millimetie, <0.063- 
millimetre and  heavy mineral (SG 2.9) fractions, (Rogers ef 
a!., 1984; Dredge and Nielson, 1986; Hicock, 1986). The 
analytical methods most commonly used for the fractions 
were  aqua regia digestion:atomic absorption (C,:u, Pb, Zn, 
Mn, Fe, Zn), nitric-perchloric acid digestion - atomic ab- 
sorption (As), fusion-colorimetric analysis (W) and nitric 
acid digestion - fluorimetric analysis (U) and neutron acti- 
vation (U, Au).  The  extensive application of drift prospect- 
ing for gold  exploration  stimulated  several  detailed 
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EXAMPLES OF DRIFT  SAMPLE  PREPARATION AND 
TABLE21-1 

ANALYTICAL  METHODS  USED  IN CANADA PRE-1980 

3outh  Mountain 
Batholith. 

Nova  Scotia 

drill-hole 
samples 

driii core 
samples 

Quebec  sampies 

Onrtario 
RCD  samples: 

auger and 

Ontario  sediments 

3eraldton  Area. Till 
Ontario I 

mudbOils 

base samples 
and esker- 

Yukon  fluvioglacial 
samples 

eaerd 

Preparcdh Elemenb 
Anclhlled 

<0.002 mm and heavy  As,  Au.  B.  Cr 
mineral  fractions  Ni.  Zn.  Sb.  Sc 

cu. Pb. Zn. Mn 
Tat u. w 

<0.188 mm fraction  Cu,  Zn 

lacustrine clay) 
(basal till and 

<O.lsS mm fraction zn. A9 

M e t W  Reference 

INAA  Stea and Fowler.  1979 

Aqua  regia-AAS 

pyrosuiphale 
fusionurlorimelry. 

potassium GarreU.1971 

Not stated Gleeson and Cornier, 1971 

4.188 mm fraction Cu. Zn Cold  and hot 
extractable metal- 

Ermengen,  1957a. b 

colorimetry. 

heavy  minerals 

fraction  of0.5-1.23 mm 
size fractiin Cu.  Pb. Zn 

heaw mineral  fraction 
<0.188 mm fraction I Sb.Ba 

A% W , .-, . . 
~0.188 mm hacfon 
4J.083 mm fraction 

Ag. As. CU. Cr 
Zn. Pb 

heavy  minerals 

~0.002 mm 

deavy  mineral p3.35 SO) 
a083 mm 

ieavy mineral (,2.85 SG) 
of 0.25mmd.125mm 

of 1 to 0.25mm fraction. 
Magnetic 0.25 mm to 

0.125 mm to 0.25 mm 
0.083 mm fractlw. 

All fractions for 
Cu. u1. Pb. Ni 

Co, A s ,  Ma 

HNOsHCIOrFMS 

Colorimetry 
lNA4 

Neutron  activation 

Wet chemistry I c Thompson  and  Guindon ,197 

Lee. 1963 

HCI-HN03-FAAS 
Fire  aasay-FA4S 

Thompson.1979 

HCl-HNOrFA4S C l w  and  Saob.  1979 

Emission spec. 
FA-PAS 

bromoform  fraction. I I I 
2 mm to 0.w3 mm Cu, Zn. Pb HNO,-HCLO,-FAAS Morton 8 Fletcher.  1975 

F~-FiameAtomicAbsorptlonspectrometry 
INAA Neutron AcfivaWon 
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F Buchans  Area. 
Newfoundland 
EaStCBntral 

Labrador 

Labrador 

GuySborOugh 
County, 

Nova Scotia 

Nova Scotia 

Nova  Scotia 

(Meguma  Zone 
Drill) 

I 
Norlh-Central 
Nova  Scotia 

SI George 
Batholith. 

New  Brunswick 

SibSon Brook. 
New  Brunswick 

WestCentral 
New BNnswick 

TABLE 21-2 
EXAMPLES OF DRIFT  SAMPLE  PREPARATION AND ANALYTICAL 

METHODS  USED  IN  CANADA:  1980-1989 

Sample Preparation Elements Method Reference 
Analyzed 

C". zn I HNOa-FAAS 

+ i  and till I 
Till <0.002 mm fraction  Cu.  Pb. Zn. Ni.  Fe  Lafort  aqua  regia- 

and  Mn  FAAS. 
K l a w n  and  Boiduc, 1936 "I 

<O.W2 mm lmction U INAA 
XRF 

HNOBHCI daest- i 
- 

i 
mUdbOilS  Cu.  Ni,  Cd  and Fe  and FAAS. 

F 
U 

Ion selecttelectrode. McConnell  and Batleerson. 1987 

Sr.  Rb.  La,  Cr.  Ce 
Fluorimetry. 

XRF 
Till profiles 4.063 mm lriction Ag.  Cu,  Ni,  Cr  Lefort  aqua  regia- 

and  heavy  Mn.  Fe.  Hg.  As  FAAS MacEahern and  Stea, 1385 
minerals Pb,  zn. w 

W.  As 
Au Fire  assay-AAS 

Coiorimetry 

Till and lake <O.W2 mm fraction 
Au  Mineral  counting 

cu. Pb. Zn 
sedimenls  Ni. Co,  Fe.  Mn 

Lefon  aqua  regia- 
FAAS 

Mg.  Ca. Hg, As 

Colorimetry 

I heavy  minerals I LJ HNO,-lluorimetry 
Till I <0.063 mm friction I Au. As 1 Fire  assav-FAAS 

:-horizon soils 

Zn.  Co,  Ni. Fe 

I Heavy  mineral !action I Sn. W Fusioncolorimetry 
I I Cd.Aa.Cu. Pb I Laforlauuaregia- 

Bedrock and 4.WZ mm fraction  Zn. Co, Ni.  Fe F h S  
till Mn.  Ca.  Mg. Mo 

e0.063 mm fraction  As  Colorimetry. 

Heavy  mineral lraction Sn. W Fusioncolorimetry 
U HNO3 leach-fluorimetry 

Dilabio, 1982 
- 

Stea and O'Reilly. 19t2 
Stea  and  Grant. 198;: 

Stea 1982 

Stea efa/..1986 

Sr.  Cr,  Ba  DCP 
Cu.  Pb,  Zn. Ag Acd digeslon-FAAS  Rampton 81 a/.. 1964; 
Go. Mo. U. Sb 

W  Colorimetry. -1 
Sb.  Sn 

U INAA 
XRF 

Au FA-GFAAS 
Cu. Pb. Zn. Ni HNOFHCI-FAAS 

%0+2W mesh fraction Ag. MO. Fe 

-10 mesh ground to 
-2W mesh lraction 

AS 
Sn 

Colorimetry 
XRF 

-200 mesh  fraction 
Heaw mineral lracton W 

F Ion Electrode 
Fusion-coiorimetw 

+ i  Bi I HNOrFAAS I 
Till <O.W2 mm fracmn Cr.  Fe. Cos Ni HNOrHCCFAAS  Lamothe. 1968 

Mn. cu. Zn. Mo 
A% Cd.  Pb. W Y 

Ion Select.  electrode 
Fusbnzobrimelry 
HN0,-fluorimetry. 

" 

Continued on next page 

Paper 1995-2 
_" 

21 7 



Table 21-2 continued 

Location 

New  Brunswick 
West-Central 

Townships. 
Eastern 

Quebec 

Area.  Quebec 
Casa-Berardi 

dalartic. Quebec 
Bousquet  Area 

opetown. Ontar, 

Lanark  County. 
Ontario 

Kirkiand  Lake, 
Ontano 

Kirkland Lake, 
Ontario 

Abitibi  Area. NE 
Matheson  Lake 

Ontario  (BRIM) 

Township. 
Macklem 

Aoyle Township 
Ontario 

Ontario 

ioyle Township 
Ontario 

Hemlo  Area, 
Ontario 

Onaman  River. 
Ontario 

Sample 
w e  

Preparation 

Till ~0.002 mm fraction 

Till Heavy  mineral 
Stream  seds.  fraction 

Till 
Sand-gravel 

Heavy  mineral  fraction 

from RC drill 
holes 

Humus, Till <0.150 mm fraction 

I 
:-Horizon (Till) 1 c0.002 and cO.188  mm 

Heavy  minerals 

. 
I 

Till fbackhoe 1 ~0.063 mm  fraction 
Heavy  minerals 

RCD  samples) 

andbackhoe mineral  fractions 
samples) 

Pulverised c2 mm 
fraction to aI.075 mm 

sediments I 
RCD samples [ c 2 mm fraction 

to ~0.075 mm 

ofglacial heavy  minerals 

of glacial heavy minerals 
Sediments 

grain  size 
horizon.  analysis 

horizon) 

Heavy  mineral  fraction 
~0.063 mm fraction 

Elements 

Cr,  Fe.  Co, Ni 
Analyzed 

Mn,  Cu.  Zn. Mo 
Ag.  Cd.  Pb. W 

AS 
Sn 

W 
F 

U 
Fe.  Ni.  Cu. Zn 

Ag. Pb.  Co 
Co.  Sb. 

a,  Cr. Ba. Nb, Sr 
AS 

Au 
U 

Au  grain  counts 
Au,As 

cu, Pb.  Zn, Ag 

Zn.  Cd. Hg 
Au 

Zn  (partial) 
Au 
AU 

u.  Pb.  Zn.  Ni.  MC 
Ae 

Au, U 
AS 

AU 

Au.  As,  Sb.  MO 
Cr. U. W. REES 
g.  Cu.  Pb.  Zn, Ni 

Ti, Zr 
Au.  As.  Sb. MO 
Cr. U. W. REEs 
g.  Cu.  Pb.  Zn. Ni 

Ti. Zr 

. .  

Maior  oxides. S 
LO1 
cos 

,u. Cu. zn. Ni.  AS 

Au 

Au,Cu.Zn.As 

Cu.  Pb. Zn. Ag 
Fe, Mn. Mo. Sb 

Ba.  W 
As 
AU 

Cu,  Zn.  Ag. Bi 
Ni.  Co.  Mn, Fe 

Au.  Carbonate 
As 

Mineralogy 

Method Reference 

HNOrHCi-FAAS 

XRF I 
Ion electrode 
colorimetry 

Fusioncolorimetry I 
HN0,-Fluorimetry. I 
Aqua  regia-FAAS I 

Cobrimetry 
XRF 

HCI-HNOrFAAS Gleeson and Sheehan.1987 

Aqua  regia-FAAS 
Fire  assay-FAAS 

DiLabio.  1982 

Aqua  regia-GFAAS 
Na CitrateFAAS 

Gieeson  et a1..1984 
Sinclair,  1986 

Fire  assay-FAAS 

Routiedge eta/.. 1981 HNOrHCLOa-FAAS 

Rampton efal. ,1986 

INAA 

I NAA 

Fortescue and Lourim,  1982  INAA 
Gleeson  and  Ramplon.1987  Aqua  regia-GFAAS 

Avenll andlhompson. 1981 

~ver i l l  efa/..1986 

Colorimetry 

Fire assay-FAAS 

Acid  digestion  -DCP 

lNAA 
XRF 

Bioam  ,1987 

Acid  digestion  -DCP 
XRF I 

Bird and Caker.  1967 

H a r m  ef a1..1987 
Aqua  regia-FAAS 

HNOrHCLOcFAAS 

Acid digest:FASS 
Fire  assay-FAAS I 

Dilabio. 1982 

Lecc combustion 
SEMAnalysis 
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Table 21-2 continued 

Location I Sample I Preparation I Elements 

NW  Manitoba Type Till < 0.002 mm 
Cr.  Mo.  Fe.  Mn 

Manitoba Ni.  Cr.  Mn.  Fe 
Hg. Aa 

Manitoba I I I Ni.  Cr.  Mn,  Fe 

Minton  Lake- Till < 0.002 mm fraction Cu.  Pb. Zn, Co 

(Lynn  Lake). 
Nickel  Lake Ni.  Cr.  Mn. Fe 

Manitoba 

Heavy  mineral  fraction  AU 

Hg.  As 
AS 

Waddy  Lake, Sonicdrill I heavy  mineral  frqction 1 ;. I 1 Heavy  mineral 

Saskatchewan till samples  fraction (>3.3SG) 

~0.188 mm fraction 

Waddy  Lake Till 
area, 

Saskatchewan 

Saskatchewan  through  bit 
Mahon  Lake.  Precussion  now- 

collected 
till samples 

and  heavy  mineral 
fractions. AS.  Se 

Butile  Valley, Till ~0.002 mm fraction  Cu.Zn.  Pb 
Vancouver 
Island. Bc  

St Eiias  Pulverized 
Mountains, BC glacial  erratics 

Legend 
GFAASGrophite fornacs atomic obsorption spectrometry 
XRFX-ray fluorescence 
DCP-DC Plasma emission  speciroscopy 

Colorimetry 
Hot HN0,-HCI-FAAS 

- 

HNOs-HCL0,-FAAS I Fedikow.1984 

l- Aqua  regia-GFAAS 
Hot HN0,-HCI-FAAS Nielsen  and  Graham,  1984 

Aqua  regia-GFAAS 
Hot HNOI-HCI-FAAS 1 I Nieisen  and  Fedikow.1986 

ColorimetN I 
Aqua regia-GFAAS 1 -. 

Au grain  counts I Averill and  Zimmerman.198L. 
and tile assay-FAAS 

Fire  assay-FAAS 
Aqua  regia-GFAAS 
Aqua  regia-GFAAS  Sopuck etal.. 1986a. b 

-. 

Fire  assay-FAAS 

HCI-HN0,-FAAS  Simpson  and  Sopuck.  1983 

HNOdIuorimetry 
Hydride-FAAS 

HF-HNO,-HCiO.- 
Not Stated 

FAAS 

-. 

Hiwck, 1986 
" 

HF-HNO,-HCIO,- Dayeial.. 1987 
-- 

orientation studies  to  assess the distribution ofmetals in till 
(Shelp and Nichol, 1987; DiLabio, 1985). 

Examples  ofmethods used in recent drift  sampling pro- 

pling  surveys in  eastern  Canada  continued  to  use  acid 
grams  are summarized in Table 21-3. Regional drift sam- 

digestion - atomic absorption analysis of the <0.002 and 
<0.063-millimetrefi.actions(Kettles, 1993).However, other 
studies and geochemical orientation work have employed a 
more rigorous hydrofluoric acid digestion of the heavy min- 
eral  fraction  combined  with  inductively coupled plasma 
emission spectroscopy for determining the elements (Mac- 
Donald and Bonar, 1993). or have examined the distribution 
of other metals such as platinum in till samples (Cook and 
Fletcher, 1993). Most recently, mineralogical examination 
of heavy mineral concentrates from drift samples for diag- 

nosticminerals  has become extremely important in diamond 
exploration in northern Canada. 

This paper reviews the different methods used for drift 

sis on mineral  exploration  applications. Quesrions com- 
sample preparation and analysis in Canada, with an empha- 

monly raised about the reliability of various techniques are 
discussed and the direction for  future research is considered. 

SAMPLE PREPARATION 
The  aims  ofpreparing  a driA sample for ana:ysis are to: 

reduce a large amount of material to  a  small^ but repre- 
sentative sample by a  process which minimizes the 'nug- 
get effect' commonly observed when mineral! and native 
metals are present as  rare grains; 
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EXAMPLES  OF  DRIFT  SAMPLE  PREPARATION AND ANALYTICAL 
TABLE 21-3 

METHODS  USED  IN CANADA: POST- 1990 

PlepaIati.3" I Elements I Method I I 

I 

<0.063mmfration I A", Fi. Pd I 
8.W2 mm and 4.063 I Cu, Pb, Zn, Co 1 Hot HCI-HW,-FAAS 1 Kettles ef a/ ., 1991 

I Mn;Fe 

0.1~.212 mrn 

and bvy p3.3 SG) 
0.0550.106 mm 

concentrate  metal  and/or  indicator  mineral  grains into 
specific density fractions to improve the reliability of mi- 
croscopic identification and to provide an accurate esti- 
mation of abundance; and 

0 concentrate  metals  into  specific  grain-size  fractions, 
thereby reducing the effects ofdilution and increasing the 
geochemical background to  anomaly contrast. 

One of the problems of devising a "standard method 
for processing drift samples is that  the behaviour of metals, 

depending  on  the  mechanism of transport from bedrock 
especially gold in glacial deposits, can vary considerably 

weathering of the transported materials. Consequently, dif- 
source, style of sediment deposition and post-depositional 

ferent schemes have generally been specifically developed 
for exploration in different glaciated terrains or to detect 
specific metals. In Canada, Lee (1 963) developed one ofthe 
first drift-sample treatment schemes for gold exploration by 

area of Ontario. The  aims of his study were to identify and 
separating minerals from till samples in the Kirkland Lake 

of down-ice glacial dispersion fans and seek evidence of 
count the mineral grains, including gold, determine the size 

altered bedrock associated with gold in the till. The  sample 
treatment  scheme  designed to assess  these  factors  com- 
prised simple and mobile equipment capable of processing 
up to 0.2 cubic metre of material daily. Two grain-size frac- 
tions (1.23-3.35 mm and 0.5-1.23 mm) and a  heavy mineral 
concentrate were recovered using sieves and a  sluice box. 
Samples were analyzed for gold and  other metals by a  com- 

bination of neutron  activation,  emission spectroscopy and 
wet chemical methods. 

reverse-circulation rotary-drill samples, also collected in the 
Elements of Lee's procedure were used for  processing 

Kirkland lake area,  by  major  mining  companies  during  the 
early  1970s  (Thompson,  1979).  The  sample  recovery 
scheme,  shown  in Figure 21-1, involved separating the -10- 
mesh  size fraction of the reverse circulation  discharge into 
<00.0177-millimetre grain-size and SG >3.28 density frac- 
tion, which were then analyzed for  arange  ofmetals, includ- 
ing gold. The  original  scheme  was refined for  application  to 
regional deep-overburden sampling  programs  forming  part 
of the Kirkland Lake Initiatives Program @LIP; Routledge 
etal., 198l;AverillandThompson,I981).Preparation(Fig- 
ure 21-2) involved treating  a 4 to 8-kilogram hulk reverse- 
circulation  drill-discharge  sample  by  a  combination of 
sieving, shaking (WiMey) table and heavy liquid separation 

to  3.3  density concentrates. The density fractions  were fur- 
toproducea<0.063-millimetre fraction, SG>3.3 and SG2.8 

tre size, magnetic heavy mineral concentrates.  The purpose 
ther separated into >0.125-millimetre and <0.125-millime- 

of separating  sediment into these fractions was to determine 
the  existence  of  postglacial  hydromorphic  anomalies 
(analysis of the <0.063-millimetre grain-size fraction); es- 
tablish transport  distance  (mineralogy and chemistry of the 
>0.125-millimetre and <0.125-millimetre size  heavy min- 
eral  concentrates)  and  determine  the  presence of gangue 
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Figure  21-1.  Processing and analysis of overburden  samples 
from Ontario (Thompson, 1979). 

minerals in the glacial material (mineralogy of the SG 2.8 
to 3.3 density concentrate). 

Modified versions of the  sample prcparation method 

similar procedure to that used for the KLIP program was 
have been uscd extensively  across the Canadian Shield. A 

employed in the BRiM regional overburden surveys in the 
Matheson  area (Averill el al., 1986). Averill and Zimmer- 

zones  in the Waddy Lake  area in Saskatchewan (Figure 21- 
man (1986) carried out till orientation surveys over gold 

3) splitting the original bulk till into a  sample processed for 
heavy minerals (SG>3.3), a  sample wet sieved to <0.180- 
millimetre grain size and a  sample centrifuged to recover 
the <0.002-millimetre (clay) fraction. Analysis of the frac- 
tions revealed that gold content of the <O.l8O-millimetre 
and  clay-sized  fractions  was  not a reliable  guidc  to the 
source of gold. However, gold grain counts in  the heavy 
mineral fraction provided a  direct indication of the bedrock 

drilling and the careful intcrpretation of mineralogical data 
source of the gold and its size. The success o f  overburden 

for heavy mineral concentrations is emphasized by success- 
ful exploration through thick drift in Casa-Berardi Town- 
ship, Quebec which resulted in the discovery a new major 
gold deposit  (Sauerbrei el al . ,  1987). 

Figure 21-2. Processing and analysis of KLIP O W  burden 
samples  (Routlcdge el a/.,  1979). 

resemble the proccdure developed by the Geological Survey 
Early overburden sampling  schemes used in Ontario 

of Sweden (Brundin and Bergstrom, 1977). The first stage 
of the mincral separation (Figure 21-4) was can.icd out in 
the field using a suction drcdge and sluice box, fcllowcd by 
heavy liquid concentration of the <0.5-millimetrr~ size frac- 
tion to produce SG 2.95 to 3.31 and SG 3.31  de3sity frac- 
tions. The density fractions were thcn separated into weakly 
magnetic and nonmagnetic fractions for chemical and min- 
eralogical analysis. However, no grain-sizr: fractions were 

Canadian and Scandanavian approach to drift e,xploration 
separated from the drift samples. Differences b1::hveen thc 

and till sample processing are discussed in dctail by Shilts, 
1984. 

A major disadvantage of overburden sample; collectcd 
by reverse-circulation rotary drilling is that the file fraction 
of the matcrial is dispcrsed in  the return water flow and  may 
be lost during sample recovery. This may not be a scvere 
limitation for the reliable detection of mincralizition whcn 
gold is present in the till predominantly as coarse grains. 
However, oricntation studies by DiLabio (1985,) in Nova 
Scotia and Shelp and Nichol(1987), have revealcd that the 
gold in drift  does not necessarily reside in the heavy mineral 
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Figure 21-3. Processing and analysis of overburden  samples 
from Waddy Lake,  Saskatchewan (Averill and Zimmerman, 

1986). 

concentrate, but  in fact, may be abundant in the tine  (<0.063 
mm) fraction. Consequently, other schemes have been de- 
veloped to  detect gold, uranium and other metals in whole 
drift  samples  rather than in material recovered by rotary 
drilling. For example, the preparation technique introduced 
by S h i h  (1972) involved separating the <0.002-millimetre 
size fraction from hulk drift samples  for analysis. This ap- 
proach has been used extensively for regional drift geo- 
chemical surveys, where the aim of the survey has been to 
detcct  a  range of metals. The rationale for  analyzing the 
clay-size fraction, which has been found to consist predomi- 
nantly of phyllosilicate minerals, is that the more geochemi- 
cally mobile metals (e.g. Cu, Zn, Fe, Mn, U) are released by 

till and are adsorbed onto the phyllosilicates. This process 
oxidation of sulphide and other mineral grains in weathered 

explains  the large background to anomaly contrast for met- 
als in the clay-sized fraction, compared to that for coarser 
fractions,and the relatively strong association of the metals 
as revealed by results of partial  extraction analysis of clay 
samples (Sbilts, 1984). Another advantage ofthe clay-sized 
fraction is that the distribution ofthe metals within the frac- 
tion is most uniform (hence  sampling variations are mini- 
mal) and the chcmistry of the phylosilicate minerals may 
vary comparably to that of the source material. However, a 
practical limitztion of using  the clay-sized fraction is the 
comparatively  slow and costly  preparation involving the 
dispersion of the sample in Calgon and  recovely of the frac- 

Figure 21-4. Processing  and  analytical  scheme  of drift samples 
from  Sweden  (Brundin  and  Bergstom, 1981). 

tion by repeated centrifuging. Alternatively, the <0.063- 
millimetre fraction can he economically recovered by dry 
sieving the sample. The background to geochemical anom- 

by analysis of this fraction. Also, the geochemical patterns 
aly contrast for mobile metals is still sufficiently enhanced 

it  reveals  are  consistent  in  samples  collected  over large ar- 
eas, provided that the proportion of the <0.063 to <0.002- 
millimetre  fractions  remains  relatively  constant  (Shilts, 
1975). 

A typical scheme  for processing regional drift samples 

two components  which  are  then processed to a <0.002-mil- 
(Figure 21-5)  consists of splitting the original material into 

limetre fraction and a  heavy mineral (ZSG 2.96) fraction. 
The heavy mineral separation is typically performed on the 
<0.3 to  >0.063-millimetre  fraction,  because  orientation 

of till the more dense minerals are concentrated into  smaller 
studies have demonstrated that during glacial comminution 

grain-size fractions (Thompson and Guindon, 1979).Exam- 
ples of regional surveys  where  the <0.002-millimetre and 
<0.3 to >0.063-millimetre heavy mineral and/or the <0.063- 
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Figure 21-5. Processing and analysis for reversed drift samples 
from  Eastem  and  Central  Canada  (Stea et al., 1986). 

millimetre grain-size fraction were used are Labrac'or (Klas- 
sen and Bolduc, 1986), Nova  Scotia  (MacEachem and Stea, 

to improve the efficiency of heavy mineral separations by 
1985) and Ontario (Kettles, 1993). Efforts have bcen made 

reducing the dependency of the process on expellsive and 
highly  toxic  heavy  liquids  such  as  bromofxm and 
methylene iodide. A device to concentrate minerals based 
on elutriation in a water stream has been developed and used 
for  drift sampling in Nova  Scotia  (Smith and Rogers, 1993). 
This system can be used in the field and in the laboratory to 
separate  a single mineral grain or multiple grain!:. The ef- 

of uniform grain-size; therefore samples mnst be screened 
fective separation into density fractions depends on material 

into a  number of size fractions before elutriation. 

SAMPLE ANALYSIS 
Drift samples may he analyzed physically (cg. using 

mineralogical identification, X-ray diffraction) to establish 
the mineralogy ofthe sample, or chemically to me2 sure con- 
centrations of economic  or pathfinder elements. 

A summiuy ofthe different methods and their '>articular 
application is  shown in Table 21-4. Aqua regia digestion 
followed by flame atomic absorption spectrometry, tire as- 
say - flame atomic absorption spectrometry (Au) and instn- 
mental neutron activation (Au, U) are the most wmmonly 
used techniques for determining trace and mino- element 
concentrations in density and grain-size @actions of drift 

SUMMARY OF METHODS USED FOR DRIFT 
TABLE 2 1-4 

SAMPLE ANALYSIS 
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samples. Visual examination of gold grain shape (to estab- 
lish distance from source), counting the gold grains and neu- 
tron activation analysis ofthe sample have been found to be 
thc most effective combination for overburden drilling pro- 
grams. Other instrumental methods which have been used 

gold, inductively coupled plasma emission spectroscopy for 
include graphite furnace atomic absorption spectrometry for 

elements  and major oxides.  Methods for drift  analysis have 
minor and trace  elements  and X-ray fluorescence for minor 

recently bcen reviewed in dctail by KauraMe et al. (1992). 

different  geochemical  sample  media  questions are often 
While the methods have been applied to the analysis of 

raiscd rcgarding the reliability of specific techniques for 
drift prospecting. Several points of concern are discussed 
bclow. 

THE RELIABILITY OF NEUTRON 
ACTIVATIONANALYSIS  FOR  GOLD IN 
HEAVYMINERAL  CONCENTRATES 

ple in a high neutron flux and measuring the induced gamma 
Neutron activation analysis involves irradiating a sam- 

radiation. Depending on the energy, the  incident neutrons 
areeithcr thermal (<OSkcV), epithermal(O.5 to I03KeV) or 
fast (7103KeV). Neutron activation gold values for heavy 

timated from gold grain counts or measured by fire assay 
mineral concentrates may  be lower than the abundance es- 

bccause ofsclf-shielding. This effect is due to absorption of 
neutrons by the outer layer of the gold particle so that the 

using epithermal neutrons bccause of the higher effective 
inner core is not irradiated. Self-shielding is most significant 

There is  evidence that epithermal irradiation ofa  0.2-milli- 
absorption cross-section of the gold in this energy range. 

metre diameter gold sphere is 50% less effective than ther- 
mal  irradiation  (Hoffman,  1992).  The  self-shielding 
problcm can be avoided by using thermal irradiation for 
neutron activation and by sicving the sample before analysis 

than 0.2 millimetrc. 
so that the grain-size of the heavy mineral concentrate is less 

in prepared drift samplcs are the ability of the method to 
Advantages of neutron activation for determining gold 

cover a wide concentration range, the simultaneous deter- 
mination of gold pathfinder  elements  such as arsenic, and 
the ability of the method to accept relatively coarse, un- 
ground samples.  The last advantage reduces gold loss from 
the samplc due to smearing of the metal onto the surface of 
thc pulverizing equipment. Although the whole sample can 

one disadvantage is that a lengthy delay time may elapse 
he cxamined for minerals after neutron activiation analysis, 

bcforc the secondary gamma radiation from the sample falls 
to levels where the material can he safely handlcd. Also, 

and licensed by the Atomic Energy Control Board of Can- 
irradiated samples can only be stored in  a facility approved 

ada. Ccrtain elements such as copper and lead cannot be 
determined by neutron  activation,  and  other  alternative 
tcchniques must be used to generate the data. Instead of neu- 
tron activation, samples  can be analyzed for gold by fire 
assay - atomic absorption spectrometry finish, fire assay - 
direct currcnt plasma emission spcctroscopy, and aqua regia 
digestion - graphite furnace - atomic absorption spectromc- 

try. However, these  techniques destroy the  sample during 
the  process of analysis. Aqua regia digestion - graphite fur- 
nace - atomic ahsorption spectrometry has an advantage of 
being able to detect gold in  a small sample (e.g. clay-sized 
fraction) because of the  greater sensitivity of the method. 

ofthe gold from the material (Hall el al., 1989). 
Unfortunately, the aqua regia digestion  may  not release all 

THE  APPLICATION OF PARTIAL 
EXTRACTIONANALYSIS  FOR  DETERMINING 
THE DISTRIBUTION OFMETALS  IN  DRIFT 
SAMPLES 

Partial  and  sequential  partial  extraction  analyses  are 
commonly used to  measure  the distribution ofmetals  in geo- 
chemical samples and, in particular, to establish the mineral 
association(s). Previous examples generally describe the re- 
sults of partial and sequential  extraction  analysis  for  stream 
sediment, lake sediment and soils  rather  than  for  drift sam- 
ples. S h i h  (1984)  describes  the  extraction of manganese, 
iron  and  zinc from the clay-sized fraction (0.001 mm to 

dithionite  extraction  and hydrofluoric acid  digestion. Very 
0.004 mm)  of  till  using  ammonium  citrate,  sodium 

and sodium dithionite compared to that liberated by hydro- 
little of the metals was extracted by the ammonium citrate 

phyllosilcate minerals during the weathering of drift. Brad- 
fluoric acid, indicating that metals are strongly retained in 

tetra-acetate (EDTA) as  a partial extract  for  copper  in  thin 
shaw el al. (1974) described the  use of ethylene  diamine 

till  overlying  the  Cariboo-Bell  copper  deposit  in  central 
British Columbia. 

MAJOR  OXIDE  GEOCHEMISTRYIN  DRIFT 
PROSPECTING 

Major oxides are  commonly measured in rock samples 
for petrochemical classification purposes, hut are used less 
often in drift prospecting despite  applications  for discrimi- 
nating between different till sheets and determining  the bed- 
rock  source  of the  drift.  In  Finland, the  distribution of 
potassium, sodium and calcium, measured by optical emis- 
sion  spectrometry in the <0.06-millimetre fraction of till 
samples, has been found to reflect bedrock chemistry (Har- 
tikainen  and  Damsten, 1991). In Canada, major oxide  data 
for the pulverised <2-millimetre fraction of till samples  col- 
lected during the BRiM program strengthened the discrimi- 
nation between felsic and mafic till sheets (McCLenaghan el 
a[.,1992). Drift samples from northern Vancouver Island, 
British  Columbia  were  separated  into  several grain-size 
fractions and analyzed for major oxides by lithium metabo- 
rate fusion - inductively coupled plasma  emission spectros- 

Analytical precision, shown  in Table 21-5, is  similar  to that 
copy  (S.  Sibhick,  personal  communication,  1993). 

obtained by  X-ray fluorescence analysis. 

DATA 
THE  QUALITY OF DRIFT  GEOCHEMICAL 

scribe the analytical methods used, very few  authors  com- 
While  most  published  drift  geochemical  studies de- 

ment on the quality ofthe data produced. Can  it be assumed 
that all published data passed set quality control criteria and, 
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ANALYTICAL PRECISlON  OF MAJOR OXIDE ANALYSES 
TABLE21-5 

TiO, 0.32 
309  ppm 

0.03  1.29 

25.8 

if so, what  were the criteria?  Drift geochemical data pro- 

rigorous quality evaluation through the careful scrutiny of 
duced by  Federal  and Provincial surveys are subjected to a 

analytical duplicate  sample inserted into every batch of 20 
a reference standard, blind field duplicate sample and blind 

licate data  for  heavy mineral fractions (<0.125 mm) col- 
samples analyzed. The precision determined from blind rep- 

lected during the  KLIP  is  shown in Table 21-6. Acceptance 

be explained by the small weight (1 g) of the sample taken 
limits for results are +I 5%. The poor precision for gold can 

for analysis. A careful examination of the quality control 

accuracy  for  all  elements,  except lead and  titanium, fell 
data for the BRiM program indicates  that the precision and 

within acceptable limits. Ideally, quality control should be 
incorporated into the design of drift geochemical surveys 
and the sample identification scheme should be sufficiently 
flexible to  allow for the insertionofstandardsand  duplicates 
when submitting samples  for analysis. 

CONCLUSIONS 

orientation studies have helped to explain the behaviour of 
Geochemical data produced from  drift geochemical 

metals  in glacially transported material. In weathered drift, 
the mobile metals such  as copper, lead, zinc, cobalt, nickel, 
molybdenum, arsenic  and uranium are primarily concen- 
trated in the <0.002-millimetre grain-size fraction. 

Gold in glacially transported material may be present 
as coarse detrital grains or concentrated into the  finer grain- 
size fractions. Because ofthis varying distribution, no single 
"standard" sample preparation method is reliable and sam- 
ple preparation schemes should be designed based on an 
assessment of the aim of the drift prospecting program, the 
terrain  and the character of glacigenic  sediments. Geo- 
chemical orientation studies, guided by the results of surf- 

gcochemical programs are undertaken in new areas, to es- 
cia1 mapping,  are  therefore  essential  before  major  drift 

tablish the optimum size and density fractions for ensuring 
the maximum background to  anomaly contrast. 

for analysis of prepared drift  samplcs are aqua regia diges- 
Currcntly the analytical methods most commonly used 

tion - atomic absorption spectrometry, aqua regia digestion 

ANALYTlCAL PRECISION (95% CONFIDENCE LEVEL) 
TABLE  21-6 

FROM DUPLICATE HEAVY  MINERAL  CONCENTRATES 
FROM  THE KLlP PROGRAM) 

FAAS 
FAAS 
FAAS 10.88 
PAAS 
COL 

17.17 

Au FAAS 
13.03 

0.2 ppm 
h7.54 

INAA 8.44 

Mo 

Routledge et a/., 1981 

neutron activation. X-ray fluorescence is  often used to de- 
- inductively coupled  plasma  emission spectrc~scopy and 

termine concentrations of major oxides and minor elements. 
Major  oxide analysis by lithium metaborate fusion - coupled 
plasma emission spectroscopy can  be used as an alternative 
method to X-ray fluorescence  for determining drift bulk 
chemistry. 

prospecting are  partial extraction analysis for major and  mi- 
Possible growth areas for analytical rer;earcl.. to aid drift 

nor elements to determine the degree of overburden weath- 

application of inductively coupled plasma m a s  spectros- 
ering  and  the  relationship  between soil anc  drift,  the 

copy for  rare earth analysis and the development o f  new 
standard reference materials. 
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BIOGEOCHEMICAL  PROSPECTING IN DRIFT-COVERED 
TERRAIN OF BRITISH COLUMBIA 

By Colin E. Dunn 
Geological Survey of Canada, Ottawa "- 

FIRST  CONSIDERATIONS 
The glacial drift that covers  much of western Canada 

prescnts a problem to the prospector and exploration geolo- 

compounded by the  presence of a thick cover of forest and 
gist searching  for mineral deposits. The problem is fkther 

tional frustration to  hinder exploration. However, both trees 
shrubs. Often the vegetative cover  is regarded as an addi- 

and shrubs can  be used productively to characterize over- 
burden and bedrock, and thereby provide a focus for more 
detailed exploration. 

tension of the chemistry of the undcrlying geology. They 
Trees and shrubs  can be considered as  the subaerial ex- 

contain elements drawn from soils, sediments, rocks and 
groundwater. Commonly, ifthere is enrichment ofmetals in 
the ground, there is a concomitant enrichment of these met- 
als in the vegetation. However, each plant species has  its 
particular requirements and tolerances to metals, and before 

which plant, and which part of a plant, to collect in  order  to 
conducting a biogeochemical survey, it  is necessary to  know 

best detcct the associated mineralization. 

different species of plant. Table 22-1 shows the variations 
There are  great differences in the uptake of metals by 

that occur  in trees rooted in the thin drift  cover that overlies 

Harrison  Lake,  British  Columbia.  Note  in  particular  the 
gold mineralization at Doctor's Point, on the west side of 

wide range  in concentrations of arsenic. 
Table 22-2 illustrates the variation in gold that occurs 

common  to  the northern Cordillera. 
within single jack pine  and black spruce trees, both species 

TABLE 22-1 
DISTRIBUTION OF ELEMENTS  AMONG  TISSUES OF 

COMMON  SPECIES FROM A  SINGLE  LOCATION 

. 
Douglas Fir 
Wentern Hemlock 

Western Cedar 
Wenlern Cedar 

Western Ccdar 
Western Ccdar 
Red Aldcr 
Ked Alder 
Douglas Maple 

Bark 53 250 
Twig 
Twig 

200  710 
7 I 1  

Needle 5 6  
Bark (all) X 12 
Bark(au1er) 31  46 
Twig 14 4 
Bark <5  4 

12  6 Twig 

<I  x 
<I  x 
4 1  
<1 1 
<1 1 
<1 11 
57 0.5 
4 0.3 
4 1  

berley, British Columbia shows that this variation in a single 
An example near the  Sullivan lead-zinc mine at Kim- 

tree is typical of most  elements (Table 22-1). CI-:arly, there 
are very marked differences, and  when  conducting a biogeo- 
chemical  survey  it would be misleading to mix difi'erent 
types of tissue. 

root systems, such as the fig tree shown in  Phot., 22-1, Al- 
Large  deciduous trees may have deep and extensive 

though the conifers that predominate in the forests of British 

TABLE 22-2 
GOLD  IN  VARIOUS  TISSUES OF A  SINGLE  JACK  PINE 

AND  A  SINGLE  BLACK  SPRUCE 

Au (ppb) in: 
Dry Tissue Ash 

Outcr Bark 2.10 140 
Inner  Bark 0.61 32 
Nccdles 0.36 15 
Young  Twigs 0.36 
Old  Twigs 

24 

Outcr Trunk Wood 
0.15 
0.08 

17 
32 

Inner  Trunk  Wood 0.04 14 

" 

"- 
Jack  Pine 

" 

Black  Spruce 
Outer Bark 
Twigs 

0.90 50 
0.62 

Trunk  Wood 0.09 
28 
19 

METAL  CONCENTRATIONS OF SEVERAL  ELEMENrS IN 
TABLE 22-3 

THE  ASH OF DIFFERENT  TISSUES (IN ppm, EXCEPT 
Au  IN ppb) FROM A SINGLE  LODGEPOLE  PINE 

Top Stern Lower Twigs Outer Bark ROOIS 
"_ 

Ag 1  3 13 
AS 

77 
9 9 

All 
52 

15 
190 

<5 
B 1150 400 

20 19 

B2l 48 310 
260  5x0 
loo0 

Cd 
500 

52 95  143 
Cr 

I35 

cs 110 
6 18 18 

9 
10 

M" 
5 38 

Ni 
13000 27000 
180 22 

4210 53000 

I'b I 50 2950 
14 

4900 
24 

15400 
Sb 
Z" 

2 
6100 

3 11 
7350 

5 
5700 12x00 

hbovciollinlrlinile "EulllrSllliivrn icrd-ri,,cn,ins. Kin,Br,ey. r"a,h:m I1.C. 

" 
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British Columbia 

Photo 22-1, Extensive  root  system of a fig tree (Ficus) - Victoria 
Park, Hong Kong. 

Photo 22-2. Root system of fallen Engelmann spruce, near 
Quesnel, B.C. 

Columbia have relatively shallow roots, the volume of soil 
and groundwater from which they extract elements is very 
large (Photo 22-2). 

Inadditionto major  elementrequirements, each species 
of tree requires  certain trace elements  in  order  to survive 

get  drawn into the tree and deposited where they can  cause 
(e.g. Zn, Cu, B). Other elements may not be essential, hut 

little harm: by analogy  with the human body, toxic elements 
such as lead and  arsenic  are concentrated in  our extremities 
(hair and fingernails), whereas a tree moves non-essential 
elements to outer hark, ends of twigs  and tree tops. Fortu- 
nately for exploration, many of these 'toxic' elements are 
heavy metals that are of potential economic value (notably 
gold, platinum-group metals and base metals) or pathfinder 
elements, which have been transported through the tree  to 
some of the  easiest parts to sample. 

THE FORESTS OF BRITISH COLUMBIA 
In the temperate forests that cover  much of British Co- 

lumbia there are several 'hiogeoclimatic' zones, controlled 
mostly by the north-south trending mountain ranges and val- 

leys, where rainfall, altitude and  aspect  determine  the occur- 
rence  and  distribution of different tree and  shrub  assem- 
blages.  In  general,  the  conifers  are  the  most  useful 
biogeochemical sample media, especially  lodgepole pine, 
Pacific  silver fir, suh-alpine  fir,  hemlock  (western  and 
mountain), Engelmann spruce, Douglas fir, and red cedar. 
Locally, other species of pine, spruce, fir, larch, yew  and 
cedar  occur  which  may he used for a survey. Of  the many 
deciduous species, alder, birch, maple, willow and poplar 

pends very much  on  the  elevation  and in  which  part of the 
are  the  most  common.  The  choice of sample medium de- 

province the s w e y  is  taking place. The  map entitled 'Bio- 
geoclimatic Zones  ofBritish Columbia, 1988', published by 
the B.C. Ministry of Forests gives a good idea of what spe- 
cies might be  expected  at  any locality. Tree identification 
hooks (e.g. Petrides  and Petrides, 1992), and booklets (e.g. 
Watts, 1973) are  also useful sources  ofinformation  relevant 
to biogeochemical sampling. 

SAMPLING 

dling biogeochemical samples, because they will contami- 
Rings  or metal jewellery should not  be  worn  when han- 

nate  the  samples and generate false anomalies. Sampling 
procedures are mostly very simple,  but  before  conducting a 

rule is  to 'be consistent'; one  should  collect the same  type 
s w e y  a number of precautions need to  be taken. The basic 

ofplant tissue,  the  same  amount of growth, all from the same 
species,  and from trees  of similar  appearance  and  state of 
health. 

FZELD ACCESSORIES 
The  only  additions  to  the  usual field equipment of the 

geologist are: 
a pair  of  anvil-type  pruning  snips,  preferably Teflon 

a paint scraper or hunting  knife  for  scraping bark, and 
coated; 

either a dustpan  or  paper  hag  for  collecting the flakes of 
hark (a  hatchet  is useful for  surveys involving collection 
of thick hark, such  as  that of Douglas fir); 
standard 'kraft'  soil  hags  for bark samples;  for  twigs use 
fairly large  bags - about  20  by  30  centimetres - made  either 
of heavy duty coarse brown paper if conditions  are dry 

or the slightly smaller "Huhco" plasticized, aerated  hags 
(e.g. 7 kg hardware bags), or cloth if conditions  are wet; 

with drawstrings, which are  tough, light, and  very  con- 
venient, hut  samples  should  not be left in  these bags for 
several weeks  or they will grow mould; 
a roll of masking  tape  or stapler to  close  paper hags; 
a large back-pack; if twigs  are  the  chosen  sample medium 
the volume ofmaterial collected soon  becomes  quite large 
(but not heavy). For  large  surveys  use  heavy duty orange 
garbage bags which  can  be left at the ends of cut  lines  to 
be picked up at  the  end of the day; and 
a lox hand lens  which  helps  in  species identification and 
in counting  growth rings in  twigs. 
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CONCENTRATIONS  (IN  ASH) OF ELEMENTS  IN  INNER 
TABLE 22-4 

AND OUTER BALK  FROM TWO SPRUCE TREES 

Tree A (Bark) Tree B (Bark),- 

Inner Outer Inner Outu- 

Auppb <5 51 9 126 

Asppm 2 56 93  300 

Sbppm 0.1 IO 0.7 3.5 

Crppm 1 41 7 18 

Fcppm 500 16000 2200 16000 

Lappm 0.5 16 3 18 

Bappm 3500 1500 5100 2500 

Znppm 3300 1600 9200 3900 

Ca % 30 18 32 28 ._ 

ELEMENT  DISTRIBUTION ALONG  BRANCHES OF 
TABLE 22-5 

WESTERN  HEMLOCK  (CAROLIN  MINE,  B.C.) 

Thick Medium Thin 

Au (ppb) 
(>I0 mm dia.) (5.10 mm dia.) (<5 mm dia.) 

530 650 1590 
22 31 82 

PERCENTAGE  ASH  YIELDCOMMONLY  OBTAINED 
TABLE 22-6 

FROM  VARIOUS  PLANT  TISSUES 

Plant OW” % Ash Yield . 
(to 470°C) 

Coniferous Trees  Twigs 2-3 
Needles 3-5 

Bark (inner) 
Bark (outer) 1-3 

2 4  
Trunk Wood 0.2-0.5 
Cones 

Deciduous Trees Twies 
O L  
3-4 - 

and Shrubs Leaves 5-8 

Trunk Wood 
Bark (all) 4-6 

0.4% 

AVERAGE  CONCENTRATIONS OF GOLD IN THE 
TABLE 22-7 

ASH OF ALDER  TWIGS 
Gold (ppb) - 

- 
Early June 28 

Mid-September 
Early August 10 

17 

BARK 
It is important to  appreciate  that inner bark i:; very dif- 

ferent  in composition from outer hark (Table 22..4): there- 
fore, for most surveys, do not  include  chunks of  imer bark. 
Collect about SO grams of the  loose  outer scalvs charac- 
teristic of many conifers, by scraping with either a hunting 
knife or a paint  scraper  (a  very effective tool). A dustpan or 

then be poured into kraft soil hags. Not all conifers (espe- 
large paper  hag can be used to collect the scales, which can 

cially the firs) have  scaly bark; fir bark is usually not very 
informative nor is i ta practical sample medium be’:ause sev- 
eral species have many sticky sap blisters which hamper 
collection. In an area dominated by fir, twigs  are the pre- 
ferred sample medium. 

TWIGS 
There is substantial variation in chemical composition 

along a twig. Table 22-5 shows an example ofwe$:tem hem- 
lock  sampled  close  to  gold mineralization at tb.e Carolin 
mine. The differences in gold, arsenic and chromium distri- 
bution are particularly striking, with  each being most  con- 
centrated  toward  the  twig  ends.  Note,  too,  that  not  all 
elements follow  the  same trend: calcium is mort: enriched 
in the thick part of the branch, whereas strontium and zinc 
are homogeneously distributed. 

each sample should comprise a similar number qf years of 
From Table 22-5 it is clear that in surveys using twigs, 

growth. A 30 to SO-centimetre length is a practical amount. 
The  age of the  twigs is readily determined by  counting: the 
growth nodes  along the twig, or by countin:: the number of 
growth rings in a cut cross-section (using a lox band lens). 
Commonly, twigs of similar length and diameter are similar 
in age. Exceptions  occur  where  there  are  significa,it changes 
in environmental conditions, such as traverses ‘:hat move 

lithology. Under  such conditions, a compromise has  to be 
from dry to boggy areas, or if there  is a major change in 

taken. For example, if 10  years of twig  growth  is being col- 
lected in a survey, and a tree is encountered with scrawny 
growth, it would be better to collect 12 yeas’ growth. By 
collecting  10  years  one  is  already  integrating  annual 
changes  in chemistry throughout the growth period; but by 
taking  two more years of growth  the period of intyqation  is 
not affected by much,  yet  twigs of similar diameier will be 
obtained, and therefore, similar  twig bark to twig ‘wood’ 
ratios will result. It  is  this ratio of bark to wood which is 
important, as many of the heavy metals are loczted in the 
hark.  If this ratio is varied substantially, then variations in 
element content may he attributable entirely to  mixingthick 
with thin twigs; hence, false anomalies. 

the total weight of fresh twig  and  needles ohtaincd at each 
In general, seven  to  ten  twigs should be collected, as 

sample station should be about 200 grams. About half this 
weight is moisture, leaving 100 grams of dry twi;: and nee- 
dle. Of  this  about 70% is needle, leaving  only 3(1 grams of 
dry twig. This  is sufficient for  neutron  activation analysis of 
a dry briquette, or for providing about 0.6 gram of ash.  If a 
proposed analytical program is to involve more than one 
technique, 1 gram of ash is the preferred ;amou~t and the 
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original  sample  size  must he adjusted accordingly. The  typi- 
cal  ash yield of  tree  tissues  is  given in Table 22-6. 

sonal  changes  in  plant  chemistry  must  he  considered. Table 
Unless dead tissue  (such  as bark) is to he sampled,  sea- 

22-7 shows  the  substantial  changes  of gold in alder  that can 
occur  during the year. Each  plant  species  exhibits its own 
variations in different  elements  throughout the year, so a 
survey  using live tissues  should  he  conducted in as  short a 

I LU 

40 

-from spruce twig. 

.. 
1. 

. .  .. f 
I :... 

0 1  
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SINGLE TWIG & NEEDLES 

Figure 22-1. Arsenic  in  Pacific  silver  fir (Abies amabilis) - con- 

twigs  (less  needles) from the  same  tree. 
centrations in a single twig with needles  versus a bulk sample of 

time  as possible (e.g. within a 2 to  3-week period); metal 
concentrations in a tree  sampled in the spring will be differ- 
ent  from those in the same  tree  during  the  summer.  During 
the  growing  season,  cuticle is shed from  the plant (Photo 
22-3), and salts  containing  trace  metals  crystallize  on plant 
surfaces  and  get  washed  away  during rains. 

AN EXPEDIENT SURVEY METHOD  USING A 
SINGLE  CONIFER TWIG 

So far  discussion  has  centred  upon  twigs  and hark, and 

centration  of  elements.  However, the ratio of an element in 
it  has  been  shown  that  each  tissue  type  has a different  con- 

twigs to that in  needles  usually  remains quite  consistent. 
Therefore,  if  the  density  of  needles on twigs  is similar 
throughout a survey area, it  is possible  to  identify  those  areas 
of relative  element  enrichment  by  collecting a single  twig 
at  each  sample station  (ensuring  that  you  have a similar 
amount  of growth and  diameter  oftwig)  and  analyzing it  all 
(twig and needles). Figure 22-1 shows a comparison of data 
from a single  twig  plus  needles,  with  data  from a hulk twig- 
sample  from  the  same  tree. 

member  that: 
When  using  the  above  method,  it  is  important  to  re- 

BASIC  RULES  TO  BE APPLIED AT EACH SAMPLING 
TABLE 22-8 

STATION WHEN CONDUCTINGA BIOGEOHEMICAL 
SURVEY 

Bssie Rules I 
2 Collect same plant organ. 

I L 

Each  plant organ has a different 
capacity LO store mce danenu. 

Then an chemical  variations 
along a twig (rec Table 22-5). 
Hctemgeneity  in bak sales 
can bc minimized  by scraphg 
fmm around the m c .  

This  is the basic  inter-silc 
consistency that is required for 
any geoehemieal  sample 
medium. 

There are significant seasonal 
changes in plant  chemistry. 

No appreciable ~ca~onal 
change] 
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the composition of twigs  is different from ncedles; as most 
trace  elements  are  more strongly concentrated in twigs 
than needles, the  needles will 'dilute' the twig concentra- 
tions (perhaps to below detection levels); 

e the ratio of twig  to  needles must be similar at all sample 
stations; 

o the  single  twig plus needles  will provide a less repre- 
sentative sample ofthe tree than the preferred bulk sample 
of seven  to  ten twigs; and 

0 this procedure can  be adopted for fir, pine, cedar and hem- 
lock samples, but  it  is  not  well suited to spruce, because 
spruce needles  contain  only  about 10% of the concentra- 
tions of heavy metals that  occur  in twigs, therefore, the 
dilution factor may be too  great and too many values may 
be below detection levels. 

Table 22-8 summarizes the sampling procedures and 
precautions that must  be  taken  during a biogeochemical 
sampling program. 

SAMPLE PREPARATION 

WASHING 

in a stream or lake, or under a tap is usually sufficient, al- 
Samples from dusty areas  should  he washed. Rinsing 

though  more  thorough  washing  in a laboratory  may  be 
needed if samples  are  very dusty, and particles are lodged 
in the  plant tissues. Samples from many areas ofBritish Co- 
lumbia need not  be washed because they are regularly rinsed 
by  rain. Furthermore, in most cases  the dust is mostly sili- 
cates which are unlikely to be enriched in precious and base 
metals. Table 22-9 shows  data from washed and unwashed 
portions of three samples from near the Nickel Plate mine 
at Hedley, and affirms that there is insignificant loss of ele- 
ments (except K) after  even the most rigorous washing. 

DRYING 
Samples  should  be spread out to dry, if possible on the 

pack or box, moisture released from the vegetation will soon 
day of collection. If  samples in paper  bags  are  left  in aback- 

cause  disintegration o f  the bags. If they are stored in plastic 
bags they will  soon  grow mould and begin to rot, making 
sample handling very unpleasant. Furthermore, redistribu- 

Mould can  also  grow on cloth bags. The samples need not 
tion of chemical elements  among tissue types  may occur. 

be removed from the  bags  in which they were collected, 
provided the bags are sufficiently porous  to allow a free pas- 
sage of air. If plastic hags  are used, samples must be re- 

EFFECTS  OF  THOROUGH  WASHING IN DISTILLED 
TABLE 22-9 

WATER  ON  THE  CHEMICAL  COMPOSITION  OF 
DIFFERENT  PLANT  TISSUES 

sapebrurhrwuig SapcbruihLcaf 
Unwashcll Washed* Unwarhcd Washed' Unwashed Washed' 

M g c &  Pine Bark 

Auloobl 270  294 279 267 293 298 
1Cllppmj IW 9s 
Balppm) 330 3W 

SO M 
140 IS0 590 

150 160 
590 

Co@@mI 4 4 2 I I  10 2 
Felppml 630.3 55W 25W WW 176K 
KlBl 26.3 24.3 

172W 
17.4 13.2 3.2 1.5 

moved on the day of collection. This  is  not necesszry forthe 

place for several weeks or mould will grow. 
'Hubco' bags, but they should  not  be left sealed in a damp 

It  takes  several weeks  for  samples  to dry :.idly  In a 
warm, dry atmosphere. Faster  methods are  to dry tnem  in an 
oven  for 24 hours at  just over IOO"C, or  place  lhem in a 
microwave oven  for 10 to 40 minutes, depending upon wet- 
ness. Microwaving must be  carefully monitored, as samples 
should  not be overheated. If mercury is  to be determined, 
do not use a microwave, and keep  the  drying temperature to 
less than 4 0 T .  

SEPARATION 

ess  (for  most  species)  to  remove  the  foliage from the  twigs 
Once the moisture has  been removed it  is a simple proc- 

by pummelling the bag, then  rubbing  one's  hands  (clean and 
no rings) through  the  sample to remove the brittle leaves. 
This separation procedure is always advisable, because as 
noted above, the chemistry o f  the different tissue types is 
not  the same, and the  density of foliage  may vary from one 

vary, providing the potential for  false anomalies). 
sample to  the next (therefore the ratio of twig to fcdiage will 

Bark, of course,  needs no further  separaticn, as any 
separation of inner from outer hark will have been  done  in 
the field; it is much  easier  to do this  separation  when the 
samples are moist. Drying  bakes  the  layers togkther. The 
dried and separated material is then ready for either: 

maceration and direct  analysis by instrumental neutron 
activation analysis (INAA), or 
ashing  to preconcentrate the metals prior to analysis by 
atomic  absorption  spectrometry  (AAS) or inductively 
coupled plasma emission spectromehy (ICP-E!;). Ashing 
is particularly useful if you  want  to determine t,oncentra- 

Pb, Ni, Cu, Cd, V, Sn, Li, B, Bi, Se, Te, Ga, TI, €; Mg, Mn, 
tions of elements not readily determined by RJAA (e.g. 

AI and low levels of Ag). 

MACERATION 

the  material  should  next be homogenized  by nlacerating 
If a decision has  been  made  to analyze the ~lry tissue, 

(chopping) the sample inanappropriate b1endero:-mill. The 
most commonly used apparatus  is a 'Wylie mill' which con- 
tains steel blades that rapidly reduce the materisl  to small 
fragments  that  are  then forced through a sieve lo provide 
'sawdust' powder of moderately uniform size. The material 
can then be pressed into pellets  for  trace elemerlt analysis 
by INAA. The pellets for INAA are obtained by fressing 8, 
15 or 30-gram aliquots of material  in an XRF press (this 
service  and the maceration are provided by mas!. commer- 
cial laboratories). Commonly  the 15-gram samde size is 
adequate. Wet chemical analysis can be perfom'led on the 
dry powder, but most procedures  are tedious anc detection 
limits are commonly inadequate. 

ASHING 

from commercial laboratories) brings the level:; of many 
Preconcentration ofthe vegetation by ashing (available 

metals to concentrations that are easily  detectab.e by ICP- 
ES,AAS,orevensimplecolorimetry.Macerationisnotusu- 
ally necessary, as the entire 50 to 100 grams of dry material 

M o  (ppm) I I 
Shlppml 1.7 1.5 

10 
0.7 1.1 
9 11 2 3 

4.2 
Zn(ppm1 570  550 530 610 13W 14W 

4.3 

.hrhouimWmauihUi 

. .  
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that comprises the sample  can be placed in an aluminum tray 
and, after bringing the temperature slowly up  to 470"C, it 
can  be ashed for 12 to 24 hours until all charcoal bas disap- 
peared. It  is important that the material should just smoul- 
der; if it actually ignites some elements will volatilize. 

The  ash  is then ready for analysis by  whatever  chemical 
method is  available  and appropriate. Tests performed on the 
analysis of ashed and mashed tissues of the  same  sample 
indicate  that a few  elements (e.g. Br) volatilize during this 

portion of other elements, hut  data  indicate that loss is a 
controlled ashing procedure. There may  be loss of a small 

there is no loss. 
fairly consistent percentage. Figure 22-2 shows that for  zinc 

A word of caution: a few  species  (not  commonly used 

the rose family, contain  cyanogenic glycosides. These  com- 
in biogeochemical surveys), especially those belonging to 

bine with gold in the plant, causing volatilization long be- 
fore the usual  ashing  temperature  is reached. Therefore, the 

very  stable monoxide during ashing to 47OoC, requiring that 
ash yields little or no gold. Conversely, palladium forms a 

the temperature be raised to  870°C  to fully break this bond 
prior to  wet chemical analysis. Only a portion of the palla- 
dium is released upon acid digestion after  ashing  at a lower 
temperature. 

ANALYSIS 
The two methods most commonly used in the analysis 

ofplant material for  exploration  are  INAA and ICP-ES, both 
ofwhich have been discussed briefly in the previous section. 
In summary, the pros and cons of the two techniques are: 

INAA  is a 'total' analysis which measures the total con- 
tent of elements in the sample, regardless of how they are 
bound with other elements. It is particularly appropriate for 
measuring small traces of elements  in  dry or ashed vegeta- 
tion. The  only  drawbacks  to the method are that it cannot he 
used to measure certain  elements (e.g. Pb, Bi, TI), and it has 
either  high  detection  limits  or requires a separate irradiation 
for some other elements (e& Ag, Cd, Cu, Ni, Mg, Mn, V). 

Figure 22-2. Plot ofzinc content ofdry tissues versus ash, demon- 

tissues  from  boreal  species. 
strating no loss on ignition  to 470°C. Symbols represent different 

If the analytical program requires  mainly gold, arsenic,  an- 
timony, cobalt, chromium  and  any of the  other 30 elements 
available  in  commercial packages, INAA is the best method. 

ICP-ES  following an aqua  regia  digestion of  ash sam- 
ples  is  total  for  most elements, although  on  occasion  some 
elements  may be bound with  others  such  that the aqua regia 
digestion does  not  release  them  all  into solution, or there 
may  he  spectral  interference  among  high levels ofsome ele- 
ments. Such situations are rare. Data for some elements, es- 
pecially  barium  and  strontium,  are  only  partial,  and 
detection  levels are usually too  high  to be of use for gold, 
uranium and a few  elements of lesser importance. The gen- 
eration of arsenic, antimony, selenium,  tellurium  bismuth 
and germanium by hydride  evolution  can  he  obtained for an 
additional cost, providing  useful  data on these 'pathfinder' 
elements. ICP-ES on dry  vegetation provides data of only 
limited value because of the low  levels of elements present. 

A method that is becoming  increasingly  important  is 

ofelements.  At this  time  it is not  widely  used  by  commercial 
ICP-MS  (mass spectrometry) as  it  can  detect  very low levels 

laboratories, and where  available  the  cost is not competitive 
with  INAA or ICP-ES. It does  hold, however, great potential 
for biogeochemical analysis. 

STANDARDS 

quate quality control, at least one standard sample of known 
Whichever method is used, it  is  essential that for ade- 

composition (and similar  matrix)  and  one  duplicate  pair  are 

out  this control one  has no idea ofthe accuracy (using stand- 
inserted in every hatch of 20 'regular'  field samples. With- 

ards) and precision (determined from  your duplicates) of the 
data. 

EXAMPLES FROM  SURVEYS IN 
BRITISH  COLUMBIA,  USING 
DIFFERENT  SAMPLE  MEDIA 

NICKEL PLATE MINE,  HEDLEY 
At the Nickel  Plate  mine,  near Hedley, skarn-hosted 

ate  within a sequence of Triassic volcanic and impure car- 
low-grade gold mineralization occurs mostly in conglomer- 

bonate rocks (Figure 22-3). The hill above  the large open  pit 
(Lookout Mountain) has a thin mantle of glacial  drift cov- 
ered with forest  dominated by lodgepole  pine,  which  was 
the  main  sample  medium  selected  for  this  survey  (outer 
bark). Samples  were collected along  picketed  cut  lines  at 
130-metre spacing on an evenly spaced grid. Figure 22-3 
shows the distribution of gold in  the  ash of the bark.  Re- 

terns  show an even  zonation northward from the deposit. As 
markahly high gold concentrations  are  present and the pat- 

airborne contamination  from  the  pit  could  not  be ruled out, 
several trees  were dissected to determine the  metal  content 

riched in gold and arsenic (Table 22-1 0), confirmingtbat the 
of inner tissues. Results show  that the trunk wood is en- 

the  root  systems.  The  biogeochemical  survey  revealed 
metals are in fact being taken up from the ground through 

strong enrichment ofmany metals  in several vegetation spe- 
cies, but  especially the outer hark of lodgepole  pine (Au, As, 
Bi).  There is a large area (>lo0 km2) within  which gold and 
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Figure 22-3. Nickel  Plate  mine,  Hedley: a) Location  map; b) 
Geology  and  sample  sites;  c)  Gold  (ppb in ash) of lodgepole pine 
bark (Pinus conforfa). 

TABLE 22-10 

LODGEPOLE PINE FROM THE  VICINITY OF THE 
CONCENTRATIONS OF GOLD AND ARSENIC IN 

NICKEL  PLATE  MINE,  HEDLEY,  SOUTHERA  B.C. 

Ourer Bwk lnncr Bark Tnmk wwd - ~ -  
Gold (ppb) in ash 
Pine #I 420 114 128 
Pine in 

___- 

308 7X CL 
Pine #3 
Arsenic (ppm) in ash 

.. 
238 

_" 
32 36 -__ 

arsenic are enriched in the trees, such that by samplingjust 
one tree per 10 square kilometres the gold-rich sys:em could 
be identified. 

CAROLIN  MINE,  NEAR  HOPE 
Gold at the Carolin mine occurs in a coarse-grained 

turbidite of the Jurassic  Ladner  Group (Ray, 1!)90). The 

thickness, but mostly less than 1 metre. Pacific silver fir and 
cover of glacial material on the steep slope: is iwegular in 

western hemlock are the  dominant species, both of which 
are strongly enriched in gold, arsenic and sodium near the 

chemical enrichment down slope, caused by some mechani- 
zones of mineralization. There are broad meas cf biogeo- 

cal dispersion, but mostly by dispersion of metals dissolved 
in ground water. 'The implication for exploration in  this rug- 
ged  moist  terrain is that  heavily  wooded  valleys  can he 
screened for surrounding mineral potential by collecting a 

tion. 
few tree tissues to provide focus for more detailed explora- 

MOUNT WASHINGTON, VANCOUVER 
ISLAND 

Mount Washington, located 15 kilometres nolthwest of 
Courtenay on Vancouver Island, is  in the mountair hemlock 
biogeoclimatic zone. Gold-quartz  veins,  carrying silver, 
copper and arsenic are associated with dacitic tuE, breccia, 
and diorite ofTertiary age (Muller, 1989; Figure 22-4). The 
forest is dominated by mountain hemlock and yell 3w cedar, 
with some Pacific silver fir and subalpine fir; and m under- 
story of rhododendron. The chemistry of the henllock and 
rhododendron both clearly outlined the zones of minerali- 
zation. Distribution patterns of gold, arsenic, cobs;lt and ce- 
sium  (Figure 22-5) show a spatial  relationship  to the 
mineralization. Ofparticular importance in biogecchemical 

vegetation; in this area, and others where biogec,chemical 
studies is the recognition of metal zonation patterns in the 

exploration is applied, it  is important to look for ~nulti-ele- 
ment patterns that may relate to different styles of c:oncealed 
mineralization. 

QR DEPOSIT, QUESNEL  TROUGH 
The Quesnel River (QR) gold deposit  is situaled in for- 

ested  terrain 140 kilometres  southeast of Princz George 
(Figure 22-6). Compact, single-event lodgement lill, 3 to 5 
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SURVEY 

UPPER  TERTIARY 

Breccias  /Mineralization 

MIDDLE  TERTIARY 
MI. Washington Volcano 
Quam Diorite  Porphyry 

Quartz  Diorite ( McKay  Stock) 

UPPER  CRETACEOUS 

Nanaimo  Group ( Clastic) 

UPPER  TRIASSIC 

0 Karmutson  Fm. ( Basalt ) 

0 1 

Km 

( after  Carson, 1972 ) 

Figure 22-4. Mount  Washington,  Vancouver  Island - location  map with geology. 

Figure 22-Sa.  Gold (ppb in ash) of rhododendron twigs 
(Rhododendron albiflorum). Mount Washington. 

Figure 22-5b. Arsenic in Rhododendron twigs. Mount 
Washington. 
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Figure  22-5c.  Cobalt  in  Rhododendron  twigs. Figure  22-5d.  Cesium  in  Rhododendron  twig;. 
~~~~ ~ ~~ 

Figure 22-6. QR deposit,  central  British  Columbia:  a)  Topography  and zones of concealed gold mineralization; b) Gold (ppt, in ash) in 
top  stems of Douglas fir (Pseudotsuga menriesii). 

Paper 1995-2 237 



metres thick, covers propylitized basalt and sediments host- 

grain boundaries. Within an  area of 6 square kilometres, 94 
ing pyrite and chalcopyrite with micron-sized gold along 

Douglas fir trees were sampled by removing the top 0.5 me- 
tre while leaning out of a hovering helicopter (Dunn and 

their needles) revealed highconcentrations ofgold, suggest- 
Scagel, 1989). INAA analysis  of  the tree tops (stripped of 

tending  uphill for at  least 500 metres from the deposit, 
ing a northwestward (down-ice) dispersion train of gold ex- 

coupled with a zone of hydromorphic dispersion downhill. 

CONCLUDING REMARKS 
It is important to remember that the biogeochemical 

method of exploration is  just another tool that exploration- 

tion with all other available geological, geochemical and 
ists have at their disposal, and it should be used in conjunc- 

geophysical information. It  is  not a panacea, and  in some 
environments it may not be the best tool to use. The  case 
histories selected  show  unusually  high concentrations of 
metals  in the vegetation. Such  high  numbers  are  rarely 
found, but this  should not be cause for dismay or concern as 
the identification of mineralization zones is based on the 
patterns of  elements and their spatial relationships, rather 
than the absolute numbers. 

We now  have  sufficient knowledge of the application 
and uscfulness of biogeochemical methods  for the thought- 

of a mineral exploration program. It should no longer be 
ful explorationist to consider using biogeochemistry as part 

considered a ‘when all else fails’ technique, as vegetation 
chcmistry frequently can provide information on the sub- 
strate that can  not be obtained by other means. 
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SHALLOW SEISMIC  METHODS:  APPLICATION TC) 
DRIFT  PROSPECTING 

By S.E. Pullan 
Terrain Sciences Division, Geological Survey of Canada -" 

INTRODUCTION 
Seismic methods are geophysical techniques which use 

measurements ofthe time  taken  for  acoustic energy to travel 
from a  source  on  the  surface through the subsurface and 
hack to  a series of receivers on  the ground. Energy is re- 
fracted or reflected at boundaries where there is a change in 
acoustic  impedance  (the  product of material density and 
seismic velocity), and because contrasts  in acoustic imped- 
ance  are generally associated with lithological boundaries, 

tural information. 
seismic techniques  can he used to obtain subsurface struc- 

Seismic reflection methods have been the primary geo- 

years. Because of the tremendous commercial importance 
physical tool used in oil and gas exploration for over  60 

of oil, much industrial research and development has been 
invested in  this branch ofgeophysics. By the 1960s, special- 
ized field procedures, digital magnetic tape recording, and 
computer  processing of the data had become standard in  the 
industry. Over the last couple of decades, the need for more 

petroleum exploration was  one of the driving forces behind 
accurate and detailed subsurface structural information for 

the development of supercomputers. Conventional seismic 
reflection  techniques  are  highly sophisticated, but require 
considerable investment in both data acquisition and proc- 
essing. 

In contrast, the application of seismic methods to shal- 
low problems related to groundwater or engineering con- 
cems have had to he cost-effective in relation to the drilling 
of shallow holes, and until the 1980s. refraction rather than 
reflection methods were used almost exclusively when shal- 
low  subsurface structural information was required. Refrac- 
tion methods depend on  the measurement of only the time 
of first arrival of seismic energy at each receiver location, 
and so did not require digitization of the seismic wave train 
or  computerprocessing ofthe data. Thus, refraction surveys 
could he carried out with relatively simple and inexpensive 
equipment,  and  for  many  decades were the only shallow 
seismic method used to  obtain estimates ofthe depth to hed- 
rock,  and if  possible,  to  determine  the  major  lithologic 
boundaries within the overburden. 

ment engineering  seismographs  with high-pass filtering ca- 
In  the early 1980s, the development of digital enhance- 

pahilities,  together  with the proliferation of increasingly 
powerful microcomputers, made the application of seismic 
reflection methods  to "shallow" problems a viahle altema- 
tive. Over  the  last decade, much experience and expertise in 
the application of shallow high-resolution reflection tech- 

niques has been gained, and today these methods are ac- 
cepted and proven shallow geophysical tools. 

applications in drift prospecting, where informatim~  on the 
Bothrefractionand  reflectiontechniques have potential 

depth  to bedrock, the bedrock topography or the overburden 
stratigraphy would be useful. The use of seismic methods 
and the choice of refraction or reflection surveys depends 

and the range ofdspths that are of interest. In this pnper both 
on  the particular geological setting, the desired infcrmation, 

these  techniques will be briefly discusscd, together with 

the type of information that can be obtained with thwe meth- 
some examples of survey data. The  objectivc is to dcscrihe 

ods and the conditions under which the best resu,ts might 
be expected, as well as the limitations of slralloa. scisrnic 
refraction and reflection techniques. 

SEISMIC REFRACTION METHODS 

of the time of first arrival of seismic energy at  a series of 
Seismic refraction methods involve the meaxuement 

source-receiver separations. Energy is radiated downwards 

plate,  weight  drop,  shotgun  source,  explosives @.) and 
into the ground from a  seismic  source (hammer striking a 

critically refractcd according  to Snell's law along interfaces 
across which there is an increase in seismic velocity. As the 
energy travels along the interface, it is radiated ba-k to thc 
surface where it is detected by geophones  (Figwe 23-1). 
Refraction methods are based on the assumption that veloc- 
ity increases with depth, as energy is refracted ayay from 
the surface at an interface where velocity decreases. As the 
source-receiver separations increase, energy that has  been 
refracted from deeper horizons will overtake the s'aallower 
refractions and become the first arrivals. The arrival times 
and source-receiver distanccs  are used to determine layer 
velocities and depths  to the refracting horizons. 

The theory and various methods of collectinl: and in- 
terpreting seismic refraction measurements can  be'found in 
basic textbooks  on  exploration  geophysics (e.g. Dobrin, 

Lankston (1990). With the development ofdigital engineer- 
1976; Telford et al., 1976). and in a more recent :laper by 

ing seismographs and the advent ofthe microcomputcr age, 

analyzed using software developed for personal co,nputers. 
seismic refraction records  can  be interactively pic ked and 

Techniques such as delay time methods and the germalized 
reciprocal method (Palmer, 198 1; see also Lankston, 1990), 
which potentially yield more detailed information on sub- 
surface structure than thc simple dipping layer interpreta- 
tion, can now he applied more easily and cost effectively. 
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Figure 23-1. Time-distance graph (top), and direct and critically 
refracted raypaths (bonum) in the ideal two-layer case. First break 
times  are  noted by large circles on the  time-distance  graph,  Solid 
lines are defined by first breaks.  Dashed  lines on the time-distance 
graph arc  secondary arrivals that might not be visible on the field 

the projection  to the intercept time  based on critically refracted 
record or might be difficult to time  accurately. The doned line  is 

arrival times.  (Lankston, 1990). 

COMPRESSIONAL  SEISMIC  WAVE  VELOCITIES 
TABLE 23-1 

Vclocity 
(mctm/second) 

SedimcntJRock 
Description 

200 - 400 Soft. unconsolidated, dry surface 

400- 1500 Unconsolidated clays and  silts. 

1500 - 2000 Saturated rands and gravels; compacted 

deposits. 

""saturated sands and gravels. 

clays and silts: tills:  completely 
weathered rocks. 

probably water saturated: compacted 
tiils: strongly weatheredifractured 
metamorphic  and igneous rocks; 
weathered and/or jointed sandstones and 
shales. 

sandstoncs: weathered and/or sheared 

rocks. 
mctamorphic.  igneous or limestone 

3700 - 4500 Slightly wenthered andiur fractured 
metamorphic or igncous rucks or 
limestones; some very hard or indurstcd 
sandstones and shales. 

4500 - 6000 Unweathered  metamorphic  and igncous 
rocks: some limestones and dolomites. 

2000 - 2500 Panially consolidated sediments. 

2500 - 3700 Pmial ly weathered Io fresh shales and 

Adapted  from Whitely. personal communication, 1989. 

In general, refraction  methods  are  very useful for deter- 
mining the  depth  to bedrock (especially  when  this interface 
ischaracterizedbyalargevelocityincrease,seeTable23-1), 
where bedrock is within approximately 30  metres ofthe sur- 
face. As the depth to  bedrock increases, and/or  the  velocity 
contrast  at this horizon decreases, longer spread lengths (se- 
ries of source-receiver separations) and larger sources  are 
required to measure refracted energy  from  this surface. 

ments are usually relatively small, refraction methods are 
Because velocity contrasts  within water-saturated sedi- 

not particularly suited to  providing detailed information on 
overburden stratigraphy. Exceptions to this may be found in 
areas where  a till unit (typical velocity of 1700-1800 d s e c )  

velocity of 1500-1600 m/sec). However, there  is  also the 
is overlain by a fine-grained unit such as silt or clay (typical 

possibility ofa  "hidden layer" problem, where refracted en- 
ergy from a  layer  sandwiched  between  lower  and  higher 
velocity units  may  never  appear as first arrivals. 

Given  a model of overburden stratigraphy, velocities 
for  each major stratigraphic unit  can  be  estimated (see Table 
23-1). These velocities and estimated  unit  thicknesses  can 

recording  parameters (e.g. spread  lengths  and  geophone 
be input to simple modelling  programs  to  help  design the 

problems such as  a hidden layer. Geophysicists  should be 
spacings)  for a refraction  survey,  and  indicate  potential 

able and willing  to provide such  modelled results prior to 
setting up a survey. 

The limitations of refraction techniques  are:  the basic 
assumption that  velocity  increases  with depth; the possibil- 
ity of "hidden layers" which may lead to significant errors 
in depth  estimates to underlying units; the large source-en- 
ergies and long spread-lengths required to  obtain  refractions 
from horizons deeper than 20 or 30 metres  below surface; 
and the difficulty in  resolving  detailed  structure  on  the target 
horizon. However, refraction surveys are relatively inex- 
pensive, and can  be used very  effectively  to  provide esti- 
mates of the drift thickness, and  in  some cases, estimates of 
the  depth  to the top of a buried till unit. 

EXAMPLE:  INTERPRETATION OF 
REFRACTIONDATA  FROMSHUBENACADIE, 
NOVA SCOTIA 

Figure 23-2  shows  the  time-distance  plot and inter- 
preted depth section  for  a refraction spread in  the Shubena- 
cadie basin in  Nova  Scotia.  The  survey  was  one of a series 
of test spreads shot  to  delineate the extent and depth of the 
Carboniferous  basin,  and  to  map  the  stratigraphy of the 
overlying Cretaceous and  Quaternary sediments. 

The  data  were acquired by laying out 24  geophones at 

as in the centre of the spread.  The  120-metre spread-length 
5-metre spacings, and  shooting 5 metres offeach end as  well 

was sufficient to observe refracted arrivals from highveloc- 
ity bedrock (unit 4)  at  a  depth of approximately 30 metres. 

with a velocity of approximately 2200  metres per second, 
Overlying bedrock is a layer, 15 to 20 metres thick (unit 3), 

which could be either Cretaceous sediments or a  Quaternary 
till sequence. Tills with velocities in this range  are wide- 
spread in the area. The interface between units 2 and 3  is  not 
well  defined by the  data,  and  therefore  the  topography 
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Figure 23-2. Time-distance  plot  (top)  showing  the  layer  assign- 
ments  for each of  the first arrivals.  The  lower  half  of  the  figure  is 
the depth section  that  was interpreted from the  time-distance data 
using a refraction  analysis  program (SIPQC) from  Rimrock  Geo- 
physics  Inc. 

shown  on this interface in the depth section of Figure 23-2 
may not be realistic. The upper two units (units 1 and 2) are 
interpreted to be Quaternary sediments, with lunit 1 repre- 

would he required to determine the lithologies of the units 
senting  the  weathered or unsaturated  zone. A drill hole 

identified in the section. 

this example can be carried out quickly and are relatively 
Refraction surveys such as the simple one discussed in 

stratigraphy of the overburden materials generated is very 
inexpensive. The estimate ofthe depth to bedrock and gross 

useful information for planning a drift prospecting program. 

SEISMIC REFLECTION METHODS 

time taken for  seismic energy to travel from the source at or 
Seismic reflection methods involve measurement ofthe 

near the surface, down into the ground to an acoustical dis- 
continuity, and back up to a receiver or series of receivers 
on the ground surface.  These methods require digitization 
of the seismic wave train and at least some degree of com- 
puter processing of the data. Data are usually acquired con- 
tinuously along  a survey line, and processed io produce a 
seismic section which is a two-way travel time cross-section 
of the subsurface. Velocity-depth functions calculated from 

Figure 23-3. The  schematic  optimum-offset section shown at the 
bonom  of  the  figure  was  produced by shooting  fimt  from SI 
(source  position I )  and  recording  the  output at G1 (geophone I), 
then  from S2 to G2, and finally from S 3  to G3. 

the data  are used to translate the two-way travel time into 
depth. 

seismic reflection surveys  can be found in Hu.lter et al. 
Details on the application and methods used n shallow 

(1989), Pullan and Hunter  (1990) and Steeples and Miller 
(1990). These papers summarize the developmc:nt of two 
different shallow seismic reflection methods - the "optimum 
offset" technique, which  in its simplest form is a single- 
channel,  constant-offset  profiling  technique retquiring a 
minimum of data processing (Figure 23-3), 2nd tht: common 
depth point (CDP) method which is an adaptat:.on of the 
methods used by the petroleum industry. The opt:mum off- 
set method evolved in the early 1980s, in part to avoid the 
dependence of CDP methods on mainframe computer proc- 
essing, and in part to avoid the costs and time nssociated 
with the storage and processing of large amounts 3f data. In 
CDP surveys, multi-channel (12,  24, or more) d:rta are re- 
corded for each shotpoint. During processing, the';e data are 
sorted according to their common midpoints 01 common 

corrected for offset and then stacked (summed) in order to 
depth points (Figure 23.4). and all data from each CDI' are 

enhance reflection signals. The potential improrement in 
the signal to noise ratio can be significant, but the survey 
will be more expensive because substantially more process- 
ing time and computer  power  are required. 'The tichnologi- 
cal improvements  in  engineering  seismographs, personal 
computers and data storage capabilities over th.: last few 
years have overcome many of the limiting facto:-s that led 
to the development of the "optimum offset" technique. It  is 
now recommcndcd that CDP  data be collected ir: the field, 
allowing common offset panels to be pulled froin the data 
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CDP Concept 

Figure 23-4. Illustration of the common  depth  point (CDP) con- 
cept. When 24-channel  records  are  recorded  at  each  shotpoint,  and 
shotpoints coincide  with  every  geophone  location,  the  subsurface 
reflection points will he sampled I2 times,  resulting in 12-fold 
CDP data  after  processing.  (Steeples and Miller, 1990). 

set and examined before a final decision on the requirement 

cedure gives the interpreter the flexibility to  exploit  the ad- 
for CDP processing is made (Pullan etal., 1991). This pro- 

vantages of either technique, depending  on the particular 
problem and site conditions involved. 

associated with  refraction methods. Firstly, energy will he 
Reflection methods overcome  many of the limitations 

reflected hack to  the  surface from any interface across which 
there is a change in the acoustic impedance, whether  it is 
associated with an increase or a decrease in seismic velocity. 
Thus, even  though no energy will be refracted from the top 
of a low-velocity layer, a reflection does exist. Another ad- 
vantage of reflection methods is the large amplitude of a 
reflection in  comparison  to the refracted signal from the 

nitude between the amplitudes ofthe reflected and refracted 
same interface. There may he as much  as an order of mag- 

waves. This means that smaller, non-destructive sources can 
be effectively used to obtain reflections from depths of sev- 
eral tens or hundreds of metres, while it might require the 
use of explosives or heavy, truck-mounted seismic sources 
to obtain refractions from the same horizons. Finally, reflec- 
tion techniques have the potential to provide considerable 
detail on the overburden structure and bedrock topography, 
depending on the frequencies of the reflection signals that 

rugged bedrock topography are difficult to resolve with re- 
are recorded. For example, small bedrock depressions or 

tion survey. 
fraction techniques, hut may be well delineated by areflec- 

Shallow seismic reflection methods do, however, have 
their own limitations. Firstly, the successful application of 
any shallow reflection survey  depends  on  the  detection of 
high-frequency energy reflected from velocity discontinui- 
ties within the subsurface. Unfortunately, earth materials, 
and especially unconsolidated overburden sediments, are 

waves in the 10 to 90  hertz range commonly used in petro- 
strong attenuators of high-frequency energy. Thus, seismic 

leum exploration may be reflected from depths  ofthousands 
of metres, but energy with frequencies above 100 hertz nor- 
mally only have travel paths on the  order oftens  or hundreds 

of metres. The ability of a particular site to transmit high- 

and the ultimate resolution of a shallow reflection survey. 
frequency energy  is a major factor in  determining the quality 

Much of the  attenuation of high-frequency energy oc- 
curs in  the near-surface materials where the seismic energy 
is produced. The  optimum  conditions  for  shallow reflection 
surveys  are usually present  when  the  surface  materials  are 
fine grained and  water saturated; reflections  with  dominant 
frequencies of 300 to  500 hertz  can  he  obtained in such field 
situations. These  frequencies correspond to  seismic wave- 
lengths in unconsolidated overburden  sediments  on the or- 
der of 3 to 5 metres, with a potential  subsurface structural 
resolution of 1 to 2 metres. However, when  the  surface ma- 
terials are  coarse grained and dry, the  dominant frequencies 
of reflection data  can  he  less than 100 hertz. In such areas, 

tion of the data may not  he  sufficient  to  obtain the desired 
seismic wavelengths may exceed 15 metres,  and  the resolu- 

subsurface information. 

ergy for  shallow seismic reflection surveys  has improved 
The ability to produce and record high-frequency en- 

significantly over the  years  with  the  development  and test- 

Miller et al., 1986, 1992)  and  with  the  technological im- 
ing  ofvarious  seismic  sources (Pullan and MacAulay, 1987: 

provements  in  engineering seismographs. Today, state-of- 
the-art engineering  seismographs  use  instantaneous  floating 
point analog  to digital converters, reducing or even remov- 
ing  the necessity to use high-frequency geophones and pre 
A D  analog low-cut filters  in the field in order  to  enhance 
the high-frequency components of the  seismic signal. This 

reflection surveys,  hut site characteristics  are  still crucial in 
has substantially improved the potential of shallow  seismic 

determining the suitability and ultimate success of the sur- 
vey. 

Reflections from very shallow  interfaces  arrive  at  times 
that are  close  to the arrival times  for energy that  has travelled 
directly along  the surface of the ground or  been refracted 
from shallow  interfaces  such  as  the  water table. For  this rea- 
son, it  is  often  not  possible  to  separate  shallow reflection 
signals from other interfering events. The  depth to the first 
separable reflection horizon  depends  on  the frequency ofthe 
signals and the source-receiver offsets, hut  in general, hori- 
zons  within IO to 15 metres of the  surface cannot he deline- 
ated using the shallow  seismic reflection method. 

for detailed mapping of overburden stratigraphy and bed- 
Shallow seismic reflection surveys  are recommended 

rock topography below  depths of 15 to 20 metres. The qual- 
ity and resolution of the results are  critically dependent on 
the surface conditions, with the best results usually associ- 
ated with fine-grained, water-saturated surface materials, 
and the poorest with coarse-grained, dry surface sediments. 
Large variations in surface topography along a survey line 
can  he corrected for  during  the processing sequence: how- 
ever, surface  conditions  and  the  depth  to  water  table  are 
likely to vary with the topography and  these  changes may 
affect the frequency characteristics and the resolution of the 
data. High-resolution seismic reflection surveys  should  not 
be attempted in areas where  the  surface  sediments  are  gas 
charged (e.g. on fill, peat, swamps), as the attenuation of 
high-frequency energy in such  areas is extreme. 
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($5000+ per line-km depending on the site location, type of 
Shallow  seismic  reflection surveys  are  expensive 

data collection and processing, and density of shoffreceiver 
locations). For  this reason, such  surveys  are suited to prob- 
lems where  detailed  knowledge of the  subsurface  structure 
could lead to substantial savings in drilling  costs (Le. drift 
prospecting, identification of buried valleys in groundwater 

assessments). It  is strongly recommended that a test survey 
investigations, and site characterizations for environmental 

be  camed  out prior to any  major reflection survey, to estab- 
lish  whether  or  not  shallow seismic reflection methods can 
provide the desired resolution of the target horizon  at that 
particular site. 

EXAMPLE:  OPTIMUM  OFFSET SHALL0 W 
SEISMIC REFLECTIONPROFILE  FROM VAL 
GAGNE,  ONTARIO 

tario, gold prospecting has  been inhibited by thick overbur- 
In the MathesodVal  Gagnt area, east of Timmins, On- 

den cover, consisting of clay, silt,  and/or sand overlying 
pockets oftill above bedrock. The  average  depth  to  bedrock 
in  42 holes drilled by the Ontario Geological Survey (OGS) 
in 1984 was  35 metres.  Ideally,  till  sampling  programs 
would position drill holes in the glacial lee ofburied bedrock 
highs  where  thick occurrences of the oldest till are likely to 

SOUTH 

" 

be found. However, without any prior knowledge ofthe sub- 
surface structure, much of the initial exploratory drilling is 
carried out blindly, and  it is estimated that 25% of wch holes 
do not  encounter till. 

optimum offset shallow  seismic profiles were  shot  at a test 
In 1985 and  1986 approximately 10 line-kil(#metres of 

site  near Val Gagnt, Ontario, to demonstrate the potential 

in the  area (Pullan et al,, 1987). Line 1 was obtained using 
usefulness of this  technique  in a drift prospecting program 

a source-receiver offset of  30 metres, and a geophone spac- 
ing of 2.5 metres. Data  were  recorded on a Nimbus l%lOF 

(Pullan and MacAulay, 1987), and processed on an Apple 
engineering seismograph, using a 12-gauge shotpw source 

IIe microcomputer. 

the Val Gagnt test site by the seismic program is  dong Line 
The most significant bedrock  depression discovered on 

and bedrock vanes from a depth of 37 metres at the  south 
1, shown  in Figure 23-5. The  section  is 660 metre! in length, 

end of the line to 65 metres  at the drill  hole (OGS sonic drill 
hole 85-01). The essentially flat-lying overburdm consists 
of clay  grading into a thick sand unit. The c0ntac.t between 
massive and varved cIay occurs  at a depth of 17 metres, and 
this interface is clearly visible on the seismic section at a 
time of approximately 30 milliseconds. This unit grades into 
a poorly laminated sand from 40 to SO metres in depth. The 

Figure 23-5. (a) Line 1 from Val  Gagne,  Ontario, with a simplified  drill log shown at  the  location  of OGS sonic-drill  hole 81;-01. (b) An 

till (from Pullan ef oL, 1987). 
interpretation of Figure  23-5a,  indicating the extension of lithological  units  north  and  south of the  borehole,  and  probable ocixrrences of 
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top  of  the sand is  an indistinct  boundary  and  is  not  easy  to 
define  on  the  seismic  section; however, there  is a weak  re- 
flector  visible  at  a  depth  of  approximately  40 metres. Hori- 
zontal  layering  is  clearly  indicated  throughout the clay/sand 
units with  a  small  amount  of  draping  visible. 

At the  drill  hole, 15 metres  of sandy till  overlies bed- 
rock. This  pocket  oftill  was identified onthe  seismic section 
prior to  drilling,  and  the  drill  site  was  selected  specifically 
to  sample  this  unit.  Figure 23-5b shows  another  pocket of 
till  south  of  the  drill  hole.  The  section  clearly  demonstrates 
the value  of  seismic  profiling  prior  to  drilling; had the bore- 
hole heen sited 100 metres  to the north  of  its  location,  only 
a  minor  occurrence  of  till  would  have  heen  encountered  in 
the hole. 

EXAMPLE: CDPSHALLOWSEISMIC 
REFLECTION  PROFILE  FROM 
SOUTHEASTERNMANITOBA 

In 1992, several  shallow  seismic  reflection  CDP sur- 

program  conducted  as  part of a  Mineral  Development 
veys  were  carried  out in conjunction  with  a major drilling 

Agreement  with  Manitoba.  Some  of  these  surveys  were  con- 

ample  is  shown in Figure  23-6. 
ducted in support  of  drift  prospecting interests, and  an  ex- 

The  seismic  profile in Figure 23-6  is  a six-fold CDP 
section  that is 350 metres  long  with  a  trace  spacing of 1.5 
metres.  It  was  obtained by recording 12-channel records 
with 3-metre geophone  intervals, using a 12-gauge in-hole 

ceiver offset, and  a 3-metre shot  interval.  The  data  were re- 
shotgun  as  a  seismic  source,  a  3-metre source-to-nearest-re- 

processed  on  an  IBM-compatible personal computer. 
corded  on  an  ES-2401  engineering  seismograph  and 

The  borehole  showed 4.5 metres  of till on  surface, tu- 
derlain  hy  a sand sequence  20  metres  thick  coarsening up- 
ward. The  top of the  sand  unit is at  too  shallow  a  depth to 
he  seen  on  the  seismic  section, but the lower  contact  with  a 

tude reflection  that  dips  slightly  to the east (from 25  to 32 
sand diamicton  is  characterized by a  distinct large-ampli- 

ms  across  the  section). 

thin sand layers. This  sequence  may  account  for  the  series 
Above  bedrock,  there  are  several  till  units,  separated  by 

of reflections  observed on the  seismic  section in the range 

west  across  the  section  hy  an  estimated  6  to 7 metres. The 
of 30 to 45 milliseconds.  The  till  sequence  thickens  to  the 

top of the lowermost  till,  described  as  a  stiff  clayey  silt  to 

(at  approximately  40 ms), and  appears  to  be  of relatively 
silt  diamict, is characterized  by  a  large-amplitude  reflection 

uniform thickness across  the  section. 
The  reflection  from  bedrock is  sometimes  difficult to 

follow  beneath the thick  sequence of tills,  particularly on 
the western  part  of the line. However,  the  seismic  data  indi- 
cate  that  the  bedrock  surface is essentially  flat  lying  with the 

position) and perhaps  a  larger  valley  (CDP 225-280, esti- 
exception  of  a small incised channel  (at  CDP 180, borehole 

mated  depth  of 7 m, width  of 75 m). The  definition of hed- 
rock in the  vicinity of this postulated valley is poor, but the 
till  sequence  above  it  appears  to have heen  displaced  verti- 
cally  downwards in a  graben  structure. This feature may 
have been produced by  the  melting of buried debris-rich ice 
during  glacial retreat. 

The  information  provided  by  this  seismic  section  could 
he used cost  effectively in a  drift  prospecting  program by, 
at the very least,  eliminating  the  need  to  sample  within the 
upper sand. Estimates  of  the  depth  to  bedrock  and  the bed- 

within  the till sequence,  are  also  important  factors  in  siting 
rock topography, and some  information  on  the  stratigraphy 

boreholes and  determining  the  depth  range in which  to  sam- 
ple. 

SUMMARY 

capable  of  mapping  bedrock  topography  and  overburden 
Shallow  seismic  methods  are  geophysical  tools  that  are 

stratigraphy,  hut  which have not yet been  applied  exten- 
sively in drift  prospecting  programs.  Both  refraction  and re- 
flection  methods  can  he used, with  the  choice  of  method 
being  dependent  on the target  horizon and the  depth  of in- 
terest. This  paper  has  provided  a  simple  description  of  these 
methods, outlining both potential  and  limitations. It must  be 

WEST CDPNUMBER - EAST 
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at the horc-holc location. 'The section clearly delineated the top of the till sequence at a depth of approximately 25 metres, and suggests 
Izigurc 23-6. A six-fold CUP section approximately  ccntrcd on borehole J .  A simplified  lithological log has heen inserted in the  section 

the cxistcncc o f a  small hcdrock vallcy hctwecn CDP numbers 225 and 280. 
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emphasized  that the quality of seismic  data (especially of 
shallow  reflection data) is  site  dependent,  and it is  always 
prudent to conduct a small  test  survey  before  embarking on 
a major  seismic program. 

tion provided by a seismic  survey  prior  to a drift  prospecting 
The availability of the  subsurface structural informa- 

program  could (i) minimize  the  requirement for sampling 
by  providing an estimate of the  depth  to buried  till  se- 
quences, (ii) provide  estimates of the  depth to bedrock and 
the total thickness of overlying till, and (iii) allow  the  siting 
of boreholes to sample  material  in  favourable structural re- 
lationships  with  respect to bedrock. These  factors  could re- 
sult  in  substantial  savings  in  drilling  costs as well as a means 
of optimizing till sampling locations. 
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CHARACTERIZATION OF OVERBURDEN 

LOGGING  INSTRUMENT 
STRATIGRAPHY  WITH THE GEONICS  EM-39  BOREHOLE 

By Marten Douma, Terrain Sciences Division 
Geological Survey of Canada -" 

INTRODUCTION 
This paper presents geophysical borehole logs and sam- 

ple descriptions compiled from several overburden drilling 

histories are intended to illustrate how geophysical logs re- 
operations in differing geological environments. These  case 

spond to some of the physical characteristics ofstrata inter- 
sected by the drill. The  logging equipment is portable, and 
the small diameter of the  tools (3.6 cm, 1 3/8 inches) allows 
casing  as small as 2 inches (inside diameter) to be logged. 
Only holes cased  with plastic tubing  can  be logged with  the 
conductivity  and  magnetic  susceptibility  tools,  but  the 

mitting a qualitative evaluation of parameters such as grain 
gamma tool is able to  log  through  steel casing, thereby per- 

size. 

METHODS 
The  Geonics EM-39 borehole logging tool consists of 

eight  major  sub-assemblies,  contained  in  two  shipping 
boxes. In a typical application, the electronics console and 
portable data  logger  (or  laptop  logging  computer)  are at- 
tached to  the  top of the winch assembly, all of which is 
placed on the ground near the borehole. A tripod is erected 
over  the borehole, and  the  logging cable, attached to the 
appropriate logging sonde, is passed over the pulley of the 
opto-electric counter  at the pulley head, and down into the 
casing. The  logging software provides the option of logging 

downward,  after  allowing the tool to equilibrate with the 
down or up the hole. However, logs are usually recorded 

borehole temperature part-way down the hole. 

netic principle which is unaffected by the presence of con- 
The conductivity tool uses an inductive electromag- 

ductive borehole fluid or plastic casing. The source of the 
primary  electromagnetic  field  is a dipole  antenna  coil, 
mounted coaxially 50 centimetres  away from the dipole re- 

ductivity probe is estimated to  be 1 to 1.5 metres, and the 
ceiving  antenna. Effective measurement radius of the con- 

to be  that of the  surrounding  formation  and  associated 
apparent  conductivity measured by the instrument is taken 

ground water. 
The  magnetic  susceptibility probe, also an inductive 

rial  is  magnetized. In general terms, the overall susceptibil- 
electromagnetic tool, measures the degree  to which a mate- 

ity of a lithology  is  dependent  only  on  the  amount of 
ferrimagnetic  minerals, such as magnetite, pyrrhotite, and 
ilmenite, present in the material. The  gamma tool detects the 
decay of uranium, thorium and potassium in  the environ- 
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ment, although for practical purposes the tool F,rovides a 
qualitative measurement of the abundance of clay (because 
of the potassium). Low gamma readings are an hdication 
of coarse-grained sediments, and high gamma rending are 
attributable to fine-grained materials; although it  is impor- 
tant  to  consider  the provenance and postLdeposiliona1  bis- 
tory of the  strata  when interpreting the results. 

RESULTS AND DISCUSSION 

KIRKLAND  LAKE  KIMBERLITE PROSP ECT 
Figures 24-1 and 24-2 present results of logg'.ng in two 

plastic-cased boreholes  near Kirkland Lake, Onfario.  The 
distance between the  boreholes  is  about 200 metres. Tills 
and glaciolacustrine clays, silts, and  sands overlie kimber- 
lite bedrock. In general, the gamma tool is unabll,: to elyec- 
tively discriminate between  the various overburcjen strata, 
but does record an increase in  the  count  rate  at the top  ofthe 
kimberlite, even  though  the transition recorded in  the sam- 
ple  logs  shows a gradual  boundary  through a strongly 
weathered zone. Geochemical  analyses of samples taken 
above and across  the  bedrock boundary show the.appropri- 
ate correlation between the  concentration ofradio;lctive ele- 
ments in samples  and the gamma  count  in  the intc rval from 
which the sample was obtained. 

Two graded sand units  in borehole B-30-03 (Figure 24- 
1) appear as  zones of upward decreasing conductivity. 'This 
is  due partly to a response to  the  increasing proportion of 
silt  in  the graded units, but also implies a change  in  the min- 

to  show graded bedding, is relatively smooth h o u g h  this 
eralogy. The  gamma log, which usually can be relied upon 

zone.  The  magnetic  susceptibility log indicates  slightly 
more magnetic material at  the  top of the sand units. The 
conductivity and magnetic susceptibility logs sIIow  More 
variation than the  gamma log through the overburden sec- 
tion in the B-30-03 hole, and could be used in chjunction 
with the sample log to further refine the lithologi:: bounda- 
ries  in the core. 

B-30-10 (Figure 24-2) borehole is not apparent. Although it 
The reason for the  smooth conductivity respqnse in  the 

shows the same trends  in conductivity as the B-30-03 hole, 
its shows higher values  in each respective mate:ial. (;eo- 

the magnetic susceptibility log, but the response through the 
chemical data match what might have been predicted from 

basal till  unit  is noteworthy. In the B-30-10 hok:, the  two 
silty sand, poorly sorted till  layers immediately ,overlying 
the kimherlite are separated from each other by a sand unit, 
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Figure  24-1:  EM-39  borehole logs and  selected  geochemical  results  from  hole  B-30-03,  a  kimberlite  prospect  near  Kirkland  Lake, 
Ontario. U =uranium, Th = thorium,  K = potassium,  Cr = chromium. 
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Figure24-2:  EM-39  borehole logs andselected geochemicalresultsfromhole B-30.10, a  kimberlite  prospectnear  KirklandLake,  Ontario. 
This  borehole is located  approximately 200 metres  south  of 830-03. U = uranium,  Th = thorium,  K = potassium,  Cr = chromium 
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Pigurc 24-3. EM-39 borehole logs and  generalized  sample  descri- 
otionsfromholeVLH92-1,LightningCreek,eastoEQuesncl,B.C. 

and show variable but relatively  high values of magnetic 
susceptibility. In  the  B-30-03 hole, a  similar response is 
found only in the 1 metre thick, well sorted sandy till directly 
above bedrock. 

CARIB00 GOLD  DISTRICT 
Figure 24-3  shows  the  geophysical logs run in  the 

Lightning  Creek, VL H92-1 borehole at  the Gallery Re- 

are  part of a multiparameter study designed to test models 
sources minc east of Quesnel, British Columbia. The logs 

ofplacer deposition and preservation (Levson ef al.,1993). 
This  example illustrates how  a  cross  check between logs can 
filter out anomalous results. The  gamma  log shows rela- 
tively high count rates throughout  the borehole, suggesting 
the prescnce of finc-grained sediments. The conductivity 
log contradicts  this interpretation, showing very low con- 
ductivity in all but the upper 7 metres. This log would be 
consistent with a fine-grained unit, condnctivc because of 

permeable and well-drained unit. The magnctic susceptibil- 
irreducible  interstitial water, overlying  a  coarse-grained, 

upper conductive zone, and  a response at  its base, but oth- 
ity log shows a minor response at  a bed boundary in the 

envisc  indicates very little magnetic material. 

metres, the lithologies  are  fine-grained,  well sorted, and 
The  sample  descriptions reveal that,  to  a  depth of 6.7 

composed of silt  and clay, overlain by fine sand and silt. 
Bclow 6.7 metres, the  units  are composed mainly of gravel, 
primarily in  a  sandy matrix, and most with sand lenses. The 
reason for  the  high  gamma  counts lies in the gravel clasts, a 
proportion of which  are composed of argillite, phyllite and 
biotite schist which contain high-potassium clay minerals to 
which the gamma probe responds. Even  the  overlying fine- 
grained units show  gamma  counts greatcr than would be 
expected from silts and clays. The explanation lies in  the 
provenance of the detrital minerals, which would include 
high-potassium clays derived from local bedrock sources. 

ANDERSONROAD  DEMONSTRATION 
BOREHOLE 

Road demonstration borehole was  chosen  on the basis of a 
Located southeast of Ottawa, the site of the Anderson 

well-constrained geological setting  that could bc used as  a 
demonstration and testing site for  geophysical (equipment 

logs, generalized  sample  descriptions,  lithofacies (inter- 
(Douma and Nixon, 1993).  Figure 24-4 shows t~he EM-39 

pretedfromancarbyboreholebyGadd,1986),andaportion 
ofa high-resolutionseismic line that intersects thc borehole. 
Approximately 58 metres of subglacial, proglacial, glacio- 
lacustrine, marine, and fluvial sediments  overlie Ordovician 
Carlsbad Formation dolomitic shale. Seisrnic & i t a  show  a 
series of nearly horizontal, parallel reflection events sepa- 
rating units displaying various internal character'istics. The 
borehole  geophysical  logs  reveal  subtle  attributes of the 
strata  that  arc  not immediately evident  from the seismic or 
sample data. 

ple log, and reveals that the slightly radioactive bedrock is 
The  gamma log shows a good correlation wiih  the sam- 

overlain by about 5 metres  ofradioactive till, then 50 metres 
of Leda clay, which  in  turn  is capped by 3 meties of sand 
and disturbcd fill. The  gamma  log shows subtle differences 

depositional environment.  These  changes show up on the 
within the clay units, probably attributable to shifts in the 

49 milliseconds two-way travel  time  from  the surface. The 
seismic reflection line as minor reflectors at 3 1, 36,4 I and 

cept  for  anomalies  at 7, 10 and 15 metres, which are prob- 
magnetic susceptibility log shows  a uniform rer:ponse, ex- 

ably  due  to metallic debris from drilling operr,.tions. The 
anomaly from 47  to  53 metres shows that the s',ft, varved 

different mineralogy, and possibly a different source, than 
clay at the base of the  Leda  clay  sequence protNahly has a 

subsequently deposited sediments of the Champlain Sea. 

this borehole, because it  measures  a parameter h a t  cannot 
It is the conductivity log that is  of primary interest in 

be related to  seismic sections, or  to  casual sampl.: examina- 
tion.  It shows that the sediments  at  the base of the clay sec- 
tion are either strongly conductive,  or contain :onductive 
pore water. Studies of fossil assemblages in the  Leds clay 
indicate deposition  in highly saline  waters of the Champlain 

log probably reflects saline  pore  water trapped in the clay. 
Sea early in its history (Rodrigues, 1987).  The conductivity 

Decline of the  conductivity  may he due to  flushing of 
trapped pore water, or to a  change  in  the salinit:! of the de- 
positional environment. In this  case, the latter inferpretation 
is probably correct. 

The  gamma log through the basal till  unit ::bows rela- 

cord values similar to  those  in the bedrock., suggesting that 
tively high  count rates, with magnetic susceptib'ility log re- 

the till is derived, in large measure, from the Carlsbad For- 
mation. Presence of bedrock clasts  in  the  till  serves  to con- 
firm this interpretation. 

CONCLUSIONS 
These  examples demonstrate that the geophysical log- 

ging of boreholes in overburden can  be used to augment the 
value of the sample descriptions. The  logs reveal subtleties 
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Figure  23-4:  EM-39  borehole  logs  and  high-resolution  seismic  section  at  the  Anderson  Road  borehole,  93-GSC  GEOMAG.  Time, shown 
to  the  right  of  the  seismic  section, is measnred as two-way  travel  time  in  milliseconds,  and is converted  to  depth  (on  the  adjacent  scale) 
with  interval  velocity  corrections. 

of grain  size,  mineralogy  and pore water  content  that  are not 
always  apparent  from  normal  specimen  examination in the 
field. Stratigraphy of the  borehole may be more  accurately 
constrained, and hole-to-hole correlations  more  easilyvisu- 
alized  with  the  aid of the  geophysical  logs. 

Including  set-up time, a 30-metre, plastic-cased hole 

preliminary  graphic  plot of the  gamma, conductivity, and 
can  be  logged  with the  three tools in less  than two hours. A 

magnetic  susceptibility logs can be created  in  the field in 20 
minutes,  regardless of the  length of the borehole. 
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RESISTIVITY  MAPPING  USING 
ELECTROR4AGNETIC  TECHNIQUES 

By  Melvyn  E. Best 
Ge'ological Survey of Canada "_ 

INTRODUCTION 
Electromagnetic (EM) resistivity mapping  can he an 

effective method for investigating a  wide range of geologi- 
cal conditions. In particular, it can map thickness and lithol- 
ogy of drift  (overburden)  as  well  as  bedrock conductors 
beneath the drift. Electromagnetic resistivity mapping  can 
he carried out  either  on  the ground or in the air. Both these 
techniques will he discussed in  this chapter using examples 
from  the Timmins clay belt region of northern Ontario. 

We begin with  a bricf historical overview of airborne 
electromagnetic (AEM) systems. In the early days of  AEM 
surveys, interpretation consisted of eyeballing anomalous 
features  on  analog  profiles and plotting  these  on flight-path 
recovery maps. Geological and geophysical empirical rules 
of  thumb  were  developed  to prioritize  the  multitude of 
anomalies found. These subjective methods wcre success- 
fully used to find a significant number of massive sulphide 
orebodies  in  Canada  and  northern  Europe.  Pemberton 
(1962),  Paterson  (1967),  Best (1985), and the references 

tion schemes. 
therein, provide a  review of AEM systems and interpreta- 

Airborne  electromagnetic  hardware became more ver- 
satile during the period from 1960 to the mid-1970s. Shorter 
signal averaging times, multi-frequency transmitters and re- 
ceivers, time-domain systems and multi-coil configurations 
were  developed  (Barringer,  1965;  Fraser, 1972; Stemp, 

better  interpretation methods. Nomograms for free-space 
1972). These  hardware  advances brought about the need for 

dikes and spheres, as well as for multi-layer earth models, 
were developed using  analytic  and  analog modelling (Grant 
and Wcst, 1965; Keller and Frischknecht, 1966). Time-do- 
main  modelling of free-space dikes (Palacky, 1976) pro- 
vided  type  curves  for the Input  system, a towed  bird, 

transmitter. The  transmitter  emits  half sine.-wave current 
fixed-wing  system  with  a large loop around the aircraft as  a 

pulses. During the off  time of the transmitter, the received 
signal is measured in  a  number of discrete time windows. 
Screening  and  classifying  algorithms  for prioritizing the 
large number of anomalies found in  a typical survey were 
still  mostly  empirical,  although  more  rigorous  rules  of 
thumb  were being developed. 

During the 197Os, two and three-dimensional numeri- 

Hohmann, 1975; Lee ef al., 1981; Best ef al., 1985). Results 
cal  modelling  programs  were developed (Ward ef al., 1973; 

from  numerical modelling, together with field investiga- 
tions, showed that current channelling and gathering (Spies 
and Parker, 1983) in conductive terrains could explain the 
resistivity section obtained from drilling. 

In this same period, airborne resistivity mapping for 
surficial  geology,  bedrock  geology  in tropica! environ- 
ments, and ground water became more common. Indeed, 
resistivity mapping began to play an important role in tradi- 
tional massive sulphide exploration. Understanding thc na- 
ture of near-surface resistivity features provided an effective 
method for  screening out anomalies not associated with bed- 
rock conductors (Fraser; 1978, 1979). 

as well. Time domain systcms were developed in the late 
Similar developmcnts occurred for ground ELI systems 

resolution of electromagnetic methods. Better processing, 
1970sand 1980s that improved the depthofexplorationand 

interpretation and display capabilities have been developed 
and are still in the process of being developed. The inter- 
ested reader can obtain further details on electromagnetic 
systems from the recent publication by Nabighian (1991) 
and the refcrenccs therein. 

In these notes, the role of non-linear inverrion for re- 

ples  are  given  that  illustrate  the  range  of  expected 
sistivity mapping will he discussed. In addition, iield exam- 

resistivities for massive sulphide bodies and tl-e volcanic 

resistivity and variability of Quaternary sediments follow. 
and metasedimentary rocks that host them. Exanlples of the 

INVERSION 

Zandce el al., 1985, Annan, 1986) use con~plex transmitter 
Several of the newer  AEM systems (Barringer, 1976; 

pulses and wide-band receivers. Some  even use correlation 

processing methods are frequently applied to  elhance and 
methods to increase the signal-to-noise ratio. Digital signal 

extract the carth's response from the signal. The digital data 
provide  interesting  opportunitics  for interpretAtion. They 
can he transformed from time to frequency and vice-.versa 
if the bandwidth is sufficiently broad and the digitization 
interval sufficiently small. Interpretation and dir,play can he 
carried out either  in the frequency domain or tae time do- 
main, depending  on the interpreter's preference :md the geo- 
logical situation. 

Digital data sets lend themselves naturally i o  the use of 
automated interpretation schemes.  In particular. automated 
inversion can be an effective interpretation to(,l when the 
data  are in digital form. Forward and inverse models are 
defined in the following way. 

e Foward model: given  a model and the values ofthe physi- 
cal parameters for the model, compute rhe response. 

e Invcrse model: given  a model, compute the physical pa- 
rameters for that model that best fit the observed response. 
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Figure 25-1. Objective  function for two-dimensional  parameter 
space. 

I 
i 
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i 

Figure 25-2. Objective  function for a one-dimensional 
parameter  space. 

for many years (Marquardt,  1963;  Jackson,  1919;  Powell, 
Numerical inversion  methods have been in existence 

ference  between an observed data  set  and the data obtained 
1964, 1965). All inversion  methods try to  minimize  the dif- 

cal observations.  More specifically, let yi, i = I, ..., N he the 
from a  (hopefully)  realistic  model  that  represents the physi- 

obscrved  data.  Let  the  mathematical  representation  of  the 
physical process he 

Fi = F ( x ~ i  ,___, xni; bl, ..., bm);  i = I ,..., N (1) 
where  xli, ..., xni are  known  model  parameters  (for  example 
frcquencies of the EM system) and bl, ..., bm are  unknown 
parameters (for example  conductivity  and  thickness of the 

The function f, the objective  function, 
drift layer)  that are used  to fit the observed and model data. 

N 
0 = E  wi[yi - F(xli, . . . , xni; bl , . . . , bm)12 (2) 
i= 1 

represents  the  sum  of the square  of the difference  between 
the  observed  and  calculated  values  with wi a  weighting 
value  that  can  be  applied  to  each of  the  observed  values. 

The  function 0 is a  surface in the multi-dimensional 
parameter  space  bl, ..., bm. Figure 25-1 is an  example  of a 

maxima  and  minima  as well as  a  global  minimum.  The mini- 
two-dimensional  surface.  Note the surface  can  have  local 

mum,  for  a  given  set  of  observations yi and known model 
parameters x [x=(xli, ... ~ , , i ) ]  represents  the  best fit, in a  least 

of b [ b = ( b ~ ,  ..., bm)] at this minimum  are  by  definition  the 
squares  sense, of the  model  to the observations.  The  values 

parameters of the best fit. 

If F  is  a  linear  function of the  unknown  parameters b, 
then 0 has  at  most  one  minimum  which  can  be  computed 
using standard  least  squares  methods. Indeed the  function + 
is  a  quadratic  function  ofthe  parameters b, that  is  the  surface 
generated by I$ is a  parabola  of revolution, 

This  is not the case  when F depends  non-linearly  on the 

to locate the  minimum  when  the  parameters are non-linear. 
b parameters.  A  number  of  methods  have  been  developed 

The  most  common  methods  compute the gradient  of 0 with 
respect  to  each  of  the  parameters bj. Figure 25-2 represents 
a  hypothetical 0 surface  when F is a function of a  single 
non-linear  parameter b. The  procedure  to  find  the  minimum 
is roughly as  follows:  an  initial  value  (guess) ofthe  parame- 
ter b (bo)  is made and  the  function  computed,  that is (bo). In 
Figure 25-2, the  initial  guess  for bo is at  point A where  the 

closer  to the minimum  at E a new  value of b (b') is  deter- 
gradient is large  and  positive. To obtain a value  of + that  is 

mined by computing  an  incremental  change of the  parame- 
ter b (Ab) from the gradient (d@/db) and  algebraically  adding 
it to  bo (bl = b o  + Ab). 

at D to end  up at  point B on the curve. If  h is small,  it will 
IfAb is large enough, it will bypass  the  local  minimum 

end  up at point C. One can imagine  a  succession  of  small 

judicious  choice of Ab is required in order  for  this  method 
values of Ab that  converges  to  the  point D. Consequently, 

to  converge to the  correct  minimum  at E. The size  and  alge- 
braic sign ofAb for  each  successive  iteration  are  determined 
from the size  and  direction  of the gradient. Although the 
procedures are simplified in this  example,  they  graphically 
illustrate  how  the  method  works. 

The  algorithm used for  inversion  throughout the re- 
mainder of this  paper  is  the  Marquardt  algorithm  (Mar- 
quardt,  1963;  Tabat  and  Ito,  1973;  Anderson,  1979).  It 

The  Marquardt algorithm  also  incorporates  a Taylor expan- 
determines the best fit  using  the  above  gradient concepts. 

sion  to  linearize  the  non-linear  parameters. A Taylor series 
is  a  power  series  expansion of a  function in terms of the 
change in the parameters bj  (Abj). It reduces  to the linear 
terms, in other  words  all  terms  higher  than  first  order  are 
negligible, when the Abj are sufficiently  small.  The  Mar- 
quardt  algorithm  was  chosen  simply  because  it  has proved 
to be robust, that is it  converges  to  the  same  point  for any 
reasonable  initial  guess,  and  is  relatively  easy  to use. The 
interested  reader can read further on inversion  methods in 
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Figure 25-3. Resistivity logs from four massive  sulphide 
deposits in New Brunswick. 

ity varies from a  few  ohm-metres  to  parts of an ohm-metre, 
depending on the connectivity of the sulphides. Resistivity 
logs were run through a  number of volcanogenk: massive 

em New Brunswick, Canada and their associated ;lostrocks 
sulphide deposits from the Bathurst mining camp in north- 

(Figure 25-3). These logs were obtained using the mise-a- 
la-mass technique (Grant and West, 1965). 

Some important results, typical of most volt,anogenic 
environments, can be observed on the logs. The massive 
sulphideresistivitiesare between 1 and 10 ohm-mc,tres.This 
can be related to the scale of connectivity of the wlphides. 
Most sulphide bodies are  not continuously massiv: but con- 
sist of interconnected sulphide  stringers  and zonf s. Differ- 
ent  scales  of  connectivity  exist  from  nkro::copic to 
macroscopic. For example, the resistivity o r a  core may be 

that includes several tens of cubic metres of the. sulphide 
significantly different than the bulk resistivity of a sample 

zone. This scalingrelationship  is related to fiactal!:  and non- 
linear dynamics and is an intrinsic property of a particular 
sulphide zone. See the recent  paper by Ruffet ef a[.( 199 1) 
for an example. 

The resistivity of the volcanic rocks in Figure 25--3 is 
greater than 1000 ohm-metres while the resistivity of the 
metasedimentary rocks is between 100 and 1000 ohm-me- 
tres, results which are consistent with other  volcmic envi- 
ronments throughout the world. 

ductivities is precisely why EM prospecting systems werc 
The large contrast between sulphide and hosirock con- 

successful in locating massive sulphide  deposits i s  the past. 

distinguish  from  background.  Many of these momalies 
Good sulphide conductors generate an EM anom;;ly easy to 

have been located and drilled. No doubt there are still mas- 
sive sulphide orebodies to be found, although opportunities 
to find the easy  ones  close to surface  are decreasing. 

foments are covered with overburden. For example, the 
Many potential massive sulphide vo1canogt:nic envi- 

overburden  in the Timmins clay belt in Ontario, Canada 

thicknesses ranging from a few metres  to several hundreds 
(Figure 25-4) consists of clay, till, sand and g~avel with 

of metres. They  cover  known  greenstone (volcanogenic) 
belts that contain economic massive sulphide deposits. In- 
deed, one of the largest massive sulphide orebodies in Can- 
ada   (K idd   Creek)   i s   i n   t h i s   r eg ion .   In   gene ra l ,  
overburden-covered environments have not  beer.  as exten- 
sively explored as  areas of exposed volcanic roc1;s. 

In 1973, Shell Canada Limited evaluated the, effective- 
ness of a  number ofAEM systems on the market i.t that time 
(Best, 1985). The bedrock conducton associated with tar- 

Figure 25-4. Location  of  Timmins  clay  belt  region. 
gets 16 to 23 (Figure 25-5) were used in the ev;iluation to 
investigate the  effects of thick and variable overburden on 
bedrock  conductor responses. The  sulphide an-i graphite 

Rosenbrock (1960), Powell (1964,  1965), Jackson (1979) conductors were drilled based on the original ground EM 
and the references therein. (Turam) surveys. Shell supplemented these  data with resis- 

tivity soundings and ground EM surveys. 

RESISTIVITY CHARACTERISTICS OF Figure 2516 is a detailed map of the region smounding 

SULPHIDES AND HoSTRoCKS labelled ES, and an interpreted resistivity section (Figure 
targets 16 to 20. The location of the resistivity !;oundings, 

Massive sulphide orebodies  are found in a wide range 25-8) going from ES-09 to ES-11, based on  the soundings 
of geological environments of varying ages. Their resistiv- and drilling, are shown  on  the map. Figure %5-7(11) is one of 
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Figure 25-5. Location of targets 16 to 23, Kidd  Creek mine and Duff  project  area. 
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Figure 25-6. Detailed  location of targets 16 to 20. 
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Figure 25-7. (a) Schlumberger  resistivity  sounding (ES-010) 
(b) Geomehy of Schlumberger array. 

ES-11 ES-10 1 
ES-09 

Figure 25-8. Resistivity section along line with drill hole 29 and 
sounding ES-010. 

the  Schlumhergerresistivity soundings (ES-IO) and the cor- 
responding three-layer interpretation. The geometry of the 
SchlumbergerarrayisillustratedinFigure25-7(b).Thehed- 
rock resistivity is greater than 1000 ohm-metres indicating 
it is volcanic in origin. Indeed, the two drill holes along the 

of a IO-foot (3-metre) resistive layer of 200 ohm-metre ma- 
section confirm this observation. The overburden consists 

terial at the surface with  a 4-metre conductive layer of 10 
ohm-metre material above the bedrock. The resistivity sec- 
tion is not unusual in  the  Timmins area. 

the entire section. A 10 ohm-metre conductive layer, vary- 
The first few  metres of overburden are resistive along 

ing in  thickness between 3 and 10 metres, underlies this re- 
sistive layer. In  the  northern  portion  of  the  section,  the 

Figure 25-9. Input and Dighcm responses  over drill hole 29 

or more  to  the  south.  The  change in  thicknes.. 
overburden is about 10 metres  thick increasing to 6,O mefres 

, occurs 
abruptly near drill hole 29. In the southern part ol'the sec- 
tion, two additional layers occur beneath the two layers de- 
scribed above. Although  the geological logs for thc drill 
holes on this section do not describe the overburden lithol- 
ogy, they do confirm the total thickness of ovcrt'urden  is 
close to that predicted from the resistivity data. 

tion are presented in Figure 25-9. The short-time channel of 
Input and Dighem AEM responses along  the s m e  sec- 

the Input system and the maximum coupled quadrature re- 

south of drill hole 29, consistent  with the thicker overhur- 
sponse of the Dighem system both increase in anplitude 

the abrupt change  in basement depth which is mc,st likely 
den.  The bedrock conductor appears  to be associe:ted with 

associated with different basement lithologies. 

ure 25-10) was conducted overthat portion ofthe s':ction in 
A ground EM survey using  the Gcoprobe syst.m (Fig- 

Figure 25-9 near drill hole 29. The Geoprobe system's trans- 
mitter consists of a  circular  loop  on the ground 'approxi- 
mately 10 metres in diameter.  In  this  survcy thc in-line 
horizontal and the vertical magnetic fields were measured 
at twelve frequencies from 20.9 hertz to 30. I kilohertz. A 
transmitter-receiver separation of 100 metres or more was 
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LINE 29E 
FREOUENCY (HZ1 Geoprobe  Apparent  Resistivity  from HzlHx (0-m) 

BEDROCK CONTACT 

400- 

Figure 25-1 0. Geoprobe  response over drill hole 29 and a rough  interpretation  using a layered  earth  model 

LINE 96W 
FREQUENCY Geoprobe Apparent Resistivity  Section 0-m) Calculated from Hz/Hx 



used. This  ensures  that  the transmitter can he approximated 
by a magnetic dipole (Best, 1992). The apparent resistivity 
was computed for  each frequency and location (mid-point 

tion, based on a multi-layer earth model at  each location, 
between the transmitter and receivers). A rouyb interpreta- 

indicates the overburden is about 60 metres thick. This is 
consistent  with  the  other data. The interpretation did not 

more  conductive layer. The bedrock conductor at drill hole 
pick up the upper conductive layer but did pick up the deeper 

29 can easily be observed at location 67S, although  the bed- 
rock  resistivity  could  not  be  calculated  because a layer 

,oooo! 

Figure 25-12.  Schlumberger  resistivity sounding (ES-012). 

model was used. The  Geoprobe  data along line 96 W (F'g '1 ure 
25-1 1) indicates the overburden  in  this  area  is r.ot as con- 
ductive.  This  is  consistent  with  the interpretr:tion from 
sounding ES-12 shown  in Figure 25-12. Again, the slrong 
bedrock conductors located at drill holes 28 and 12 are eas- 
ily observed in these data. 

25-13) under the Quatemiuy overburden (the arl:a labelled 
Shell Canada generated a bedrock geology map (Figure 

Duff in Figure 25-5) as  part of a regional study to delineate 
areas suitable for massive sulphide exploration The bed- 
rock geology was obtained from the drill holes  shown on 
the figure and from interpretation of the airbomc magnetic 
data  available  in the area. 

from the drill holes, demonstrates a relationship that exists 
This map,  in conjunction with bedrock depths obtained 

hetween bedrock lithology and  bedrock  depth  (werburden 
thickness). As a general Observation the depth  to basement 
is shallow (0-30 m)  for gabbros, peridotites, andesites and 
basalts and deeper (greater than 30 m) for rhyolites and me- 
tasediments. This observation is perhaps not surprising as 

rocks. These resuIts are consistent with the observations that 
rhyolites and metasediments weather easier tha:.? the other 

depth to bedrock  is variable and bedrock conductors are 
often associated with changes  in overburden thickness due 
to lithology changes. Resistivity mapping can  plovide esti- 
mates of depth to bedrock while magnetic mapping can pro- 
vide information on lithology. The combination of the two 
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approaches  can provide an effective method for  mapping 
bedrock lithology in areas  where there are limited outcrop 
and drilling data. 

RESISTIVITY CHARACTERISTICS OF 
UNCONSOLIDATED SEDIMENTS 

As noted earlier, many mineral provinces containing 
volcanic environments  suitable  for massive sulphide depos- 

mcnts  vary  in  composition  from  glacial  till in northern 
its are covered with unconsolidated sediments. These sedi- 

tion we investigate the resistivity characteristics of the Qua- 
regions to lateritic deposits in equatorial regions. In this sec- 

ternary sediments in the Timmins clay belt in more detail. 
The excellent work carried out by Palacky and  his co-work- 
ers (Palacky, 1988, 1989, 1991; Palackyand Stevens, 1990, 
1991) provide the hasis for this investigation. 

Typical conductivity ranges  for glacial sediments (viz. 
clay, till, sand and gravel), are  given  in Figure 25-14. They 
were obtained by averaging samples from many different 
regions. On the  other hand, a given region can he expected 

rock source and chemistry of the pore water. Consequently 
to have conductivity ranges characteristic of the local hed- 

Quaternary sediments  in the Timmins clay belt should have 
unique resistivity characteristics related to the region. 

Palacky and his co-workers obtained conductivity data 
at the locations shown  in Figure 25-15. The  70 locations 
were selected from helicopter AEM transects flown to lo- 
cate areas of thick Quaternary overburden. The transects 
were along or near roads  in order to reduce the  costs  for 
ground EM follow-up and drilling.  One  transect  went  from 
Smokey Falls  to  Timmins via Fraserdale and Smooth Rock 
Falls, the other  extended north and south of Kapuskasing 
from Gurney Lake  to hole 22.  During their investigation 
they encountered a  wide variety of Quaternary sediments 
and many bedrock features such as fractures and sulphide 

or graphite conductors. Note  the  area  covered  in Figure 25- 
15  overlaps  the  area  covered in Figure 25-5. 

system, a  horizontal  loop EM (HLEM)  system, on all targets 
Ground  follow-up  employed the Apex  MaxMin EM 

except  numbers  44  to 46. It is a  horizontal  coplanar EM 
system operating  at fixed frequencies of 11 0,220,440,880, 

station  spacing  were fixed at  100  metres  and  25  metres re- 
1760,3520,7040, and 14080 hertz. The  coil  separationand 

spectively for the entire follow-up program. In-phase and 
quadrature values  were  measured  at  all  eight frequencies, 
for quantitative interpretation. The  instruments  were care- 
fully calibrated and topographic  corrections  were  made  in 
hilly regions in  order  to obtain data that could  be used for 
absolute resistivity measurements. 

The interpretation of multi-frequency  EM  data  over  a 

(Eadie, 1979) or with EM inversion techniques (Hohmann 
layered earth can  he  carried  out  either  with Argand diagrams 

andRaiche, 1988; WestandBailey,  1989).Arganddiagrams 
consist of in-phase and quadrature values plotted at  a num- 
ber of discrete frequencies  at  a  given location (Figure 25- 
22). Palacky and  Stevens  (1  990)  made  use of the Marquardt 
algorithm  discussed  earlier  (Marquardt,  1963;  Inman, 

where  all  unknown  parameters are allowed to vary, or con- 
1975). The  algorithm  can  be  used  either  unconstrained, 

strained where  one or more of the  parameters  have fixed 
values. 

Figure 25-16 is an example of MaxMin  in-phase  and 
quadrature profiles from this study. The profiles, over target 
17, which is along  the  helicopter  transect  from  Gurney  Lake 
to hole 22  south  of Kapuskasing,  will  he  used to illustrate 
the inversion method. The in-phase responses are positive 
on  all frequencies except 14 OXO hertz  while  the quadrature 
responses  are  negative  at the  highest  three  frequencies 
(3520,7040 and 14 OXO Hz); indicating  the  presence of con- 
ducting overburden (clay). The  changes  in  quadrature and 
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Figure 25-15. Location of Quaternary  test sites (from Palacky  and Stevens, 1990). 
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Figure 25-16. Results ofMaxMin survey  over a bedrock 
depression  (location 17 in  Figure  25-15). 
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Figurc 25-17. Overburden  conductivity  and  depth to bedrock 
profilcs obtained by ridge regression  inversion of the MaxMin data 

Palacky and Stevens,  1990). 
in Figure 16. Drilling results  are  shown at position 650 m (from 

in-phase values  along the profiles indicate the overburden 
has a variable thickness. The result of inverting all the data 
in Figure 25-16 (16  data points at each station, 8 in-phase 
and 8 quadrature)  is  shown in Figure 25-1 7. In this case the 
overburden was rcpresentcd by a single layer with unknown 
thickncss and conductivity and thc bascmcnt conductivity 
was fixed at 0.33 millisicmcns pcr mctrc (3000 ohm-mc- 
trcs). Thc inversion is ncarly inscnsitivc to the valuc  ofbasc- 

ment resistivity so any realistic resistivity value is accept- 
able  for  volcanic basement. The  Marquardt algorithm there- 
fore estimated the  overburden  thickness  and conductivity. 
The inversion was stable, with  estimates  ofconductivity be- 
tween 23 and 27 millisiemens per metre along the profile. 
The root  mean  square error averaged 2.8% aRer six itera- 
tions  with no significant  variation  along the profile. 

massive clays, 6 metres of silt  and varved clays,  and  17 me- 
Drill  hole 17 (location  650 m) intersected  12  metres of 

tres of sand for a total  depth  to  bedrock of  35 metres. This 
depthis 8 metres deeper than  predicted  from  the constrained 

thicknesses of  12,6  and  17 metres  for the clay, silt  and  sand 
inversion. A three-layer overburden  model  mimicking  layer 

thicknesses, respectively, was  inverted  using the sixteen ob- 
servations at  drill  hole 17. The inversion generated layer 

metres  (76.9  mS/m)  for silt, and  in  excess of 10 000 ohm- 
resistivitiesof56ohm-metres(17.9mS/m)forclay,13ohm- 

metres (0.1 mS/m)  for  sand  and  bedrock.  The  above 
example points out  the difficulties with inversion ifapriori  
geological knowledge  is  not available. The actual overbur- 
den  layering would be difficult to  determine from EM alone 
without  some  indication of overburden composition. More 
details can be found in  Palacky  and  Stevens (1990), and the 
references therein 

the helicopter AEM data. An example of composite AEM 
In addition, resistivity profiles  were  generated  utilizing 

profiles  for  the  helicopter  transect  going from target 17 to 
24 is illustrated in Figure 25-18. The  composite profiles 
were generated by  averaging  the  profiles of the two lines 
flown  in opposite directions  along  the transect. They  consist 
of in-phase and quadrature data  for  horizontal coaxial coils 
at 935 and 4600  hertz  and in-phase and quadrature data  for 
vertical coplanar  coils  at  4175  hertz  and  32 kilohertz. The 

the  coil  height  above  ground is approximately  30 me- 
separation between the coils is approximately 10 metres and 

tres.Target 17 corresponds  with the clay-filled depression 
indicated on the composite profile. The  HLEM responses 

(target 24) indicated on the profile are  shown  in Figures 25- 
for the bedrock conductors (target 18) and  the  shear  zones 

19 and 20, respectively. The four responses seen on the heli- 
copter  EM  profiles  in  Figure  25-18  have  characteristic 
horizontal loop EM responses  for a shear  zone  with trough- 
like  anomalies that are wider on  quadrature than in-phase 
data. 

sand and clay  before  intersecting bedrock. The two anoma- 
Drill hole 18 (location 550 m) intersected 8.5 metres of 

lies (locations 275 m and 5 15 m)  seen on the HLEM  profiles 
of Figure 25-20 have  the  characteristic  shape  and frequency 
response of bedrock conductors. Drill hole  24 (located at 
500 m) intersected 6 metres of poorly sorted sediments, 14 
metres of sand and 15 metres of till but missed the narrow 
basement conductor by approximately 15 metres. 

were computed using the horizontal coplanar data  at  4175 
The two apparent conductivity profiles in Figure 24- I 8  

hertz and 32 kilohertz in conjunction with a thick horizontal 
layer model. The clay-filled depression at the north end of 
the profile shows up as a conductivity high (5 to IO mS/m). 

high with values between 7 and IO millisiemens per metre 
The  two bedrock conductors appear as a broad conductivity 
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Figure25-18.CompositeprofileofhelicopterAEMdata(in-phaseandquadraturecomponentsatfourfrequencies,twocoilcontigura~ions) 
and  calculated  conductivity  based  on  horizontal  coplanar  data. This section  goes from target 17 to  target 24 in  Figure %5-15. 

Figure 25-19. MaxMin  data  at  all  eight  frequencies.  The  location Figure z5-z0, MaxMin dab at all eight frequencies, location 
of the  follow-up  survey  for  these  shear  zones is indicated  in  Figure of the follow.up survey for these two bedrock  is 
17 and  corresponds  to  target 24 in  Figure 25-15, indicated  in  Figure 18 and  corresponds  to  target 18 in Figure 15. 
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Figure  25-22.  Argand  diagrams  displaying  the  HLEM  observa- 
tions  (stars)  and  the  responses  from  the  best fit (solid  curves)  for 
locations 1, 2, 5 and 8. The  layer  parameters  are  given  in  Figure 
25-20. 

Figure  25-21.  Stratigraphic logs of  holes  along  the  Fraserdale - 
sistivities (-m)  which  were  determined  as  the  best fit  to  the HLEM 
Smooth  Rock  Falls  transect.  Numbers  between  arrows  indicate  re- 

used as fixed parameters  in  the  inversion.  Numbers  next  to  the 
data.  The  actual thichesses of  the  indicated  layers on the logs were 

horizontal  lines  are  resistivities  determined  in  the  laboratory  on 
core  samples. 

(b) "1 - 1.1 f *., 

I.9 f 2.0 

P1n.m) 

Figure  25-23.  (a)  Histogram of resistivities  obtained  from  inver- 
sion of HLEM  data  over  drill  holes  with  clay,  till  and  sand. 
Numbers  indicate  mean  standard  deviations.  Forty  six  samples 
were  used  in  this  analysis,  (b)  Histogram of conductivities  for  the 
same  data  in  part  (a).  (c)  Histogram of resistivities  determined  in 
the  laboratory on core  samples.  Measurements  were  carried  out on 
13 clay  samples and 16 till  samples. 
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on the low and  high frequencies. As expected  the conduc- 
tivity  profiles  tend to echo  the  coplanar  data from which 
they  were  derived. 

A selected  number of the 70 drill  sites  were  used to 
estimate  the  conductivities of clay,  till, and  sand  and gravel. 
The layer  thicknesses of each  unit (if they were greater than 
2 m) were  fixed  and  the HLEM data  was  used to obtain  the 

version procedures outlined earlier. Figure 25-21 is an ex- 
best  fit for  each  of the  layer conductivities by using the in- 

ample  showing  six  drill  holes  along  the  Fraserdale - Smooth 
Rock  Falls transect. The resistivities obtained  from  the in- 
version are shown in the  figure  together  with  the resistivities 
of sclected  core  samples  obtained by laboratory  measure- 
ments. The resistivity of sand  determined  from  this  study 
ranged  from 200 to  350 ohm-metres, till from 70 to 165 
ohm-metres, and  clay  from 43  to  60 ohm-metres. The resis- 
tivities from  the  core  samples  are generally lower  than  those 
obtaincd from the inversion. Figure 25-22 displays  the  data 
and  the  best fit  in the  form of Argand diagrams. 

A statistical analysis  of  the resistivity obtained from 
these inversions, that is layer  thicknesses  fixed  using  the 
stratigraphic logs, was carried out by Palacky  and  Stevens 
(1990). Drill  holes  with  more  than  four lithologically dis- 
tinct layers wcre  not  used  because  the inversion process is 
less reliable  in areas of  complex layering. Histograms ofthe 
resistivities  obtained  from  the inversion, as well as from 
core  measurements,  are  shown  in  Figure 25-23. These re- 
sults  indicate clay, till and  sand resistivities in the  Timmins 
region investigated by this  study  have narrow, well defined 

tool for determining  sediment lithology. 
ranges. Resistivity  mapping  may therefore be an effective 

SUMMARY 

tromagnetic  methods for mapping  bedrock  conductors be- 
This  paper  has  demonstrated  the potential use of elec- 

neath  drift  and for mapping  and delineating  overburden 
thickness  and lithology. Different  regions  have  different 
conductivity characteristics  that  depend on thr: type  of ma- 
terial deposited, the  underlying  bedrock  and  the  pnre  water 
in  drift  and bedrock. There  is a large range of  EM systcms 
available today, each  with  its own resolution and  depth  of 
exploration. The limited examples presented can do no more 
than  provide  the  reader  with a cursory  look at EM tech- 
niques. You are  encouraged to use  the  references listed at 
the  end of this paper to provide  more  detailed information. 
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( G e o l o g i c a r r  "- 
INTRODUCTION 

Drift  exploration in British  Columbia has been hin- 
dered in many areas of high mineral potential by thick over- 
burden  sequences  and  poorly  understood  Quaternary 
history. Nevertheless, early drift exploration surveys such 
as those by White  and  Allen (1954) in the southern Okana- 
gan area and Warren et al. (1 957) in the Ashcroft-Kamloops 

cal  sampling  for mineral exploration. Despite these early 
region, for example, demonstrated the utility of geochemi- 

geochemical successes, relatively few results of systematic 
drift  prospecting  surveys  in  British Columbia have since 

references exist  in the form of British Columbia Ministry of 
been published in scientific journals. However, over 9000 

Energy, Mines  and Petroleum Resources (B.C.1LI.E.M.P.R.) 
assessment  reports  relating to geochemical  sampling of 
soils, stream  sediments  and plants. In addition, many con- 
tain  useful  information  relating to overburden  type  and 
thickness, as  well  as  to geophysical and  drilling  data perti- 
nent to  many  drift  exploration techniques. 

Geological, geochemical and geophysical data  relating 
to  drift exploration techniques have been summarized from 
assessment reports covering the southern half ofthe Manson 
River (93N) map  area (Figure 26-1). This compilation is a 
response to the need for a greater  awareness of the role of 
surfcial geology  in  drift prospecting as a guide to mineral 
exploration. It is  one  example of  how previously collected 
and readily available  data  can be used for  planning  and as- 
sessingthe usefulness ofgeochemical sampling, assistingin 
geological  interpretation,  determining  which  reports to 
read, gauging levels and  types of exploration by NTS sheet, 
and  encouraging  more  field observations and recordings of 

prior to any fieldwork, similar  summaries of assessment re- 
Quaternary geology information. It  is recommended that, 

ports  be undertaken by exploration  companies  in target ar- 
eas. 

METHODS 
The  region  covered  in  this  survey  consists ofeight NTS 

1 5 0  000 map  sheets  in  the  southern half of the Manson 
River map area: 93NIOI to 93N/08. Numerous mineral ex- 

many mineral discoveries are reported. The  area  has  also 
ploration activities have been focused in this region, and 

received considerable attention  from  the mining industry 

copper-gold deposit. A total of 244 assessment reports were 
following the discovery of the Mount Milligan porphyry 

reviewed and the 238 that contain data relevant t:> drift ex- 
filed for  this  region  between 1966 and 1991. These were 

ploration were summarized. Compilation of data from as- 
sessment reports pertains to  four  general categories: 

Quaternary  geology: overburden  thickness and determi- 
nation method, existance of surficial  geology map, ice- 
flow directions and  overburden type. 
Geochemistry: number of geochemical soil sa~nples and 
soil  horizon  from  which  sample was talcen, rmmber of 
geochemical stream sediment samples, numbcr of geo- 
chemical rock samples, number of biogeochemical plant 

Geophysics: magnetic and electromagnetic s u w y s  (ex- 
samples. 

pressed in line kilometres), resistivity and induced polari- 
zation  surveys  (also  in  line kilometres), ground versus 
airhome. 

Figure 26-1. Study area,  southern halfofthe Manson River 
(93N) map area. 

- 
P a p r  1995-2 265 



SUMMARY OF ASSESSMENT  REPORT  DATA 
TABLE 26-1 

NTS 

Ole 
(m) REPORTS 93N 

GEOCHENIC*L OVERBWW NO.OF 
SOU SUT WBIO MAC,EM(Lm) 

3h 148.8 2298.0 237(R) 216 21175 O m 3 0  39 O2E 

37 h 91.6 4357.1 485(R) 10 5375 1 10 % 30 OIW 

A rYlpW) 
GEOPUKSICAL URlLLG4G 

-~~-zT"- 361 h 49.9 33 
-10) 18188m 

6616m 58(810) 

LEGEND FOR  SUMMARY  TABLE 
NTS 

OVERBURDEN (m) 

GEOCHEMICAL 

NTS 150 WO map sheet designation for 93N 

R W  range of wrrbnrdcn thicbesr in m e m .  

Soil - Number of geochemical soil  samples. 
Silt - Number of geochemical stream sediment samples. 
R/Bio - RocklBiogeochemieal  samples. 
(R) -Number of geochanieal m k  samples. 
(BIO) - Number of biogeochemical plant samples. 

MAWEM (!an) - MagnetiUelsmmagnetic surveys and  extent in line kilometres 
Rllp (!an) - Resistlvity/iinduced polariation and enent in line Lilomctrcs. 

h - Number of holes drilled. 
m -Total lenglh of core in mems. 

pcdh - Percussion-&ill hole 
ddh - Diamonddrill  hole 

GEOPHYSICAL @m) 

DRILLING (hm) 

Drilling: number of holes  drilled  and  method, total length 

ogy  and surficial geology is presented below. This is fol- 
A brief review of regional  physiography,  bedrock geol- 

lowed  by an  overview  of  data on Quaternary  geology, 
geochemistry,  geophysics  and drilling for the eastern  and 
western  halves of  each  of the eight 150 000 map sheets in 
Table  26-1.  The  main drift exploration  data  are  reported in 
Table 26-2. 

Assessmentreports  and  indexes in microfiche  and disk- 
ette format  are available from  the British Columbia  Ministry 
of Energy, Mines  and  Petroleum  Resources in Victoria, as 
well as in the five District offices throughout the province: 
Vancouver,  Kamloops,  Cranbrook,  Prince  George  and 
Smithers. Partial libraries are  maintained in nineteen  Gold 
Commissionerss offices, including  Nanaimo, Merritt, Pen- 
ticton, Revelstoke,  Princeton,  Kaslo, Trail and Vernon. Data 
products  are also distributed through the British Columbia 
and Yukon Chamber of Mines in Vancouver. Other  useful 

Geology  Map  Index ofBritish Columbia  (Bobrowsky et al., 
sources of  data  for  mineral  exploration  include the Surficial 

of core. mation  Circular  1993-5)  which lists provincial RGS data- 
1992)  and  Regional  Geochemical  Survey  Database (Infor- 

base  coverage by NTS  map sheets. Additional  regional till 

Manson  River  (93N)  and  Fort  Fraser  (93K)  region  (Plouffe 
geochemistry  survey  data  are also available for much of the 

and  Ballantyne,  1993). 

PHYSIOGRAPHY AND BEDROCK 
GEOLOGY 

The  Manson  River  map  area falls within the Interior 
System ofthe Canadian  Cordillera  which  can  be further sub- 
divided into the Interior Plateaus  and  the  Omineca  Moun- 
tains(Holland,  1976;  Mathews,  1949).  TheInterior  Plateaus 
consist of  the  Nechako  Lowland  and  Plateau  which  vary 

from 635  to 15 15 metres.  Bedrock  geology is characterized 
from  gently rolling to flat-lying terrain, ranging in elevation 

by deformed  sedimentary,  metasedimentary,  volcanic  and 
igneous  rocks of Permian  to  Cretaceous  age  (Nelson ef al., 
1991a, b). Syenite, granodiorite  and  granitic intrusions of 
Jurassic age  are also present. Extensive  areas are capped by 

266 Geological Survey Branch 



DRIFT  PROSPECTMG  DATA (93N) 
TABLE 26-2 

(KEY TO  ABBREVIATIONS  AT END OF TABLE 26-1) 









! 







L.  I 



Ministry o f E n e w ,  Mines and Pelroleurn Resources 

126‘ 

Figure 26-2. Regional  ice  movement  during  Fraser  glaciation 
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gently  dipping Tertiary lava flows. The  OminecaMountains 

oped  aretes and cirques  surrounding U-shaped valleys. Ele- 
to the northeast consist ofnumerous peaks with well devel- 

vations range from 1520  metres  to  greater than 1820 metres. 
The  core of the mountains is composed of granitic rocks 
associated with  the  Omineca  Plutonic  Suite (Armstrong, 
1949). 

REGIONAL SURFICIAL GEOLOGY 

son  River  map  area occurred during the Late Wisconsinan 
The last glacial episode  in the southern halfof the Man- 

(Fraser glaciation) between 26 940+380 years B.P. (GSC- 

movement (Figure 26-2)  during  this event was towards the 
573) and  10 100f90 years B.P. (GSC-2036). Regional ice 

east-southeast in  the western half of the map area and to- 
wards the northeast in the eastern region, as interpreted from 
ice-flow indicators such as well developed striae scoured 
into bedrock and drumlinoid features developed in uncon- 
solidated sediments. This observation of regional flow is in 
accordance with earlier studies by Armstrong and Tipper 
(1948)  and Armstrong (1949)  to the north, west and south, 
and more recently by Kerr (1991) and Ken and Bobrowsky 
(1991)  in  the  Mount Milligan area  and by Plouffe (1991, 

tion River valley. South of the Nation River and northeast 
1992) in the Chuchi, Stuart and Fraser lakes region and Na- 

of  the  Mount  Milligan  porphyry copper-gold  deposit, a 
gradual  change  in flow direction towards the  east  is  sug- 
gested by drumlinized  features (Kerr, 1991). 

Surfcial sediments in the southern half of the Manson 
River map area  include till, glaciofluvial and fluvial sand 
and  gravel,  glaciolacustrine sand, silt and clay, colluvium 
and  organic materials. Two surficial geology  units predomi- 
nate: anextensive morainal (till) hlanketandlargeglacioflu- 
vial outwash complexes. Till was deposited during the last 
glacial  episode  and is commonly hummocky and drum- 
linized. It  consists of a dense matrix-supported diamicton 
composed of very poorly sorted, angular  to well rounded 
pebbles to boulders in a sand-silt-clay matrix. 

dominatemanyregions. Outwash-sediment cornpiexes con- 
Large concentrations of glaciofluvial sand and gravel 

sist of sinuous esker  ridges up to  tens of kilometres long, 
kame  deposits  and a series of broad overlapping: outwash 
fans. These stratified sands  and  gravels  were deposited by 

ally represent the end  product of a long period of glacial and 
glacial meltwater during phases of ice retreat. Tk.ey gener- 

ofsurficial  sediments from a region which may he, hundreds 
fluvial erosion, transportation and reworking of many types 

of square kilometres in  area. Within the nan:ow v,alley now 
occupied by the Klawli River, Chuchi  Lake and the Nation 
River, glaciofluvial sediments  are locally overlain hy up to 
20 metres of glaciolacustrine silt  and clay. These :;ediments 
were deposited during ice retreat in a glacial lake with an 
elevation of approximately 850  metres (Ken, 199:’ ; Plouffe, 
1992). In the McLeod  Lake  area  to  the southeast, ljtruik and 
Fuller (1 988) mapped the  extent of glacial lake  de posits and 
noted the presence of mineralized clasts in morainal depos- 
its.  Colluvial  sediments  derived from till and iveathered 
bedrock form a veneer over  steep hillsides and valley walls 
in areas of high relief. 

Overburden thickness on rocky highlands and plateaus 
is highly variable. Unconsolidated sediments in excess of 
10 to 30 metres  are common, and a thickness of greater than 

area (Ronning, 1989), possibly relating  to a buried valley. 
1 X5 metres  has  been reported in  the western Na1,ion River 

The  complexity of the stratigraphic record,  the presence of 

thicknesses over lateral distances of tens of metres are im- 
pre-Fraser glaciation  till  and  the  large  variations  in  drift 

portant elements  to  note because they can directly influence 
the  application  and interpretation of drift exploration data. 
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APPENDIX  I: 
ANNOTATED  BIBLIOGRAPHY  OF  DRIFT PR0SPECT:MG 

ACTIVITIES  IN  BRITISH  COLUMBIA 

Compiled by Daniel E. Kerr and Victor M. Levson -" 

INTRODUCTION 

types of drift  prospecting  methods,  focusing  mainly  on 
This  annotated  bibliography  covers several different 

lithogeochemical  and  biogeochemical  exploration  pro- 
grams. Emphasis is placed on methods that are generally 
used at a property or local level rather than a regional scale. 
Thus, papers  dealing solely with regional lake sediment and 

Eighty-fivecitations  ofpapers, published between 1947and 
stream  sediment  geochemical  surveys  are  not included. 

mechanical and hydromorphic dispersion processes, over- 
1993, dealing  with  soil geochemistry, sampling methods, 

burden profiles, boulder tracing  and other applications of 

27-1). Emphasis is placed on published papers because of 
surficial geology to drift prospecting are presented (Table 

the  ease  ofpublic  access  and because these papers have been 
subjected to peer scrutiny. For this reason, unpublished data 
such as assessment reports are not included. The  authors 
acknowledge, however, that a wealth of valuable informa- 
tion is contained  in  these reports and, as an example of the 
kind of data provided, a compilation of assessment reports 

resenting many drift-covered regions in British Columbia, 
available for  NTS  map  sheet  93N (south half), an area rep- 

formation available in  research  theses  across Canada deal- 
is included in this  volume. There is  also  much relevant in- 

studies  to regional mapping and mineral potential evalu- 
ing  with  topics  ranging  from  detailed  mineral  deposit 

pers  listed  here  give a broad  cross-section  of  drift 
ations. Although not intended to  be comprehensive, the pa- 

Columbia. The location of properties cited is given in Table 

tions  are listed in Table 27-3. 
27-2 by NTS number. Key words and corresponding cita- 

Each  citation  in  the bibliography is followed by the 
name of the property, mine or geographic location where the 

sheet designation, principal commodity and key words re- 
study  took place, National Topographic System @ITS) map 

lated to the main  topic of discussion. Original or edited ab- 
stracts,  outlining  the  relevance  of  the  work  to  drift 
exploration,  are  also included with  each entry. Where  ah- 
stracts were  not provided in  the original paper, the introduc- 
tion,  summary  or  conclusions  have  been  edited  as 
explanatory notes. 

ANNOTATED BIBLIOGRAPHY 

exploration programs that have been conducted in British 

1. Barr,  D.A.  (1978): Chappelle Gold-Silver  Deposit,  British 
Columbip, CanadianInsti~uteofMiningandMef~llu~,BBul- 
letin, Volume  71,  pages  66-79. 
Chappelle  gold-silver  deposit Au, Ag NTS 94E/6 

Keywords Chappelle,  soil  geochemistry,  threshold  values, 
stream sediment  surveys,  felsenmeer,  magnetic  surveys. 
High-grade gold-silver mineralization, with electrum 

pelle property, 273 kilometres north of Smithem, B.C. in 
and argentite, was discovered in a quartz vein  at  the Chap- 

1969 following a regional geochemical program in the Cas- 
siar  and Omineca mountains. Subsequent exploration re- 
sulted  in  the  discovery  of  numerous  quartz  veins  with 
associatedpreciousmetal valuesina belt 17  kilometreslong 
by3kilometreswideinanareacentrallylocatedwithinToo- 
doggone Group  volcanic and sedimentary lacks of Early to 
Middle Jurassic age and a window of Takla Group volcanic 
rocks of Late  Triassic  age.  More  detailed  invtstigalions, 
consisting principally of 5677  metres of surface drilling  in 
57  holes  and crosscutting, drifting  and raising 00. the Chap- 
pelle Vein  A, outlined a high-grade  gold-silver-bearing 
shoot  with a strike  length of 200 metres, an average  width 
of about 3 metres and extending to an average  depth of about 
40 metres below surface. 

Over 2000 soil, silt  and rock samples from the Chap- 
pelle property have  been collected and  malyzcd.  Recon- 
naissance  stream  sediment  surveys  indicated  ,momalous 
copper  and molybdenum values.  More detailed sream sedi- 
ment coverage was obtained to produce a silt s:xmple site- 
density of about 9 per square kilometre in  the prc'perty area. 
Limited soil  sampling  over  the  known mineralized part of 
Veins A and B showed  contents of  up  to 3 grams gold per 
tonne (0.08 odton) and up to  70 g r a m s  silver p e l .  tonne (2.0 
odton). Stream  sediment from drainages in the vicinity of 
these veins is anomalous  in gold and silver. 
2. Bobrowsky,  P.T.,  Kerr, D.E., Sibbick, S.J. and Ijewman, K. 

(1993): Drift Exploration Studies,VaUeyCoppqrPit, High- 
land Valley Copper Mine, British Columbia: S'trntigraphy 
and Sedimentology; in Geological  Fieldwork  19!!2, Grant, B. 

Petmleum Resoumes, pages  427-437. 
andNewell, J.M., Editors, B.C. Ministry ofEnergv, Mines and 

Highland  Valley  Copper  mine  Cu NTS 92U6, I, 10 

Keywords Valley  Copper,  Highland  Valley, stdigraphy, till, 
and 11 

glaciolacustrine, lake sediment surveys. 

This  paper mainly details  the stratigraphy ar.d sedimen- 
tology  in  the Valley pit  area of Highland Valley Copper 

also provided. The  mine  is  located some 370'kilometres 
mine, but some relevant  comments on drift prospecting are 

northeast of Vancouver. The  exceptional thickness of val- 
ley-fill sediments  documented  in Highland Vallc,:y is similar 
to  other over-deepened valleys of the southern Interior Pla- 
teau.  Large  lakes  such  as  Kamloops,  Oka,nagan  and 
Sbuswap and others  in the region, occupy struc.urally con- 

Paper 1995-2 277 



Brifish Columbia 

trolled valleys  which  were  glacially eroded to  depths  ex- 
ceeding 400 metres  helow  the  present surface. Highland 
Valley provides  another  example of  this pattern, differing 
only  in that it  does  not  support an active  lake environment 

nonglacial sediments.  It  is reasonable to  suggest that most 
hut is instead filled with a complex  sequence of glacial and 

they are probably overdeepened and now filled with com- 
of the glaciated valleys  in  the  region  are  similar  insofar as 

plex Quaternary deposits. In  the immediate vicinity ofHigh- 
land Valley, this  could  include  Pimainus  Lakes valley, 
Guichon  Creek valley and  Nicola valley. The near-surface 
sediments  in  these  valleys probably hear little resemblance 

deposits and bedrock. Drilling  costs  are expected to  be  high 
(genetically or geochemically) to the underlying surficial 

Most of the valley-fill sediments in the Highland Valley are 
considering the potentially thick accumulation of sediment. 

glaciolacustrine  deposits, a characteristic  shared  by  the 
large lakes listed above  and a feature probably typifying 

reliable  sampling medium for exploration, the authors sug- 
other valleys. Since ancient  lake sediments may provide a 

gest that exploration  strategies  in  the  valleys  sample lake 
sediments  which are present at depth  beneath the uppermost 
glacial sediment cover. 
3. Bolviken,  B.  and  Gleeson,  C.F.  (1977):  Focus  on the Use of 

Soils for Geochemical Exploration in Glaciated Terrain; in 

Hood,  P.J.,  Editor, Geological Survey of Canada, Economic 
Geophysics and Geochemisby in the Search for Metallic Ores, 

Geology  Report 31, pages  295-326. 
Lomex porphyry copper  orebody Cu NTS 92111 1 
Keywords: Lornex,  gaseous  dispersion,  HzS, SOz, mechanical 
dispersion,  till,  glacial  transport. 

Large portions of the earth’s surface have been glaci- 
ated several times during the last 2 million years. The over- 

beenlaiddownbytheactionofglaciersandtheirmeltwaters 
burden in  these  areas  is  made up of glacial drift, which has 

and thereafter subjected to postglacial processes. In glacial 
terrain, therefore, geochemical dispersion can he divided 

cipally mechanical or particulate dispersal which took place 
into two main classes: (1) syngenetic dispersion, that is prin- 

during glaciation; and (2) epigenetic dispersion, that chemi- 
cal and mechanical dispersion which  has  taken  place  after 
glaciation. In combination, these processes may result  in 
intricate  geochemical  dispersion  patterns  and  anomalies 
that are  diffkult  to interpret. The  sampling  and analytical 
methods used should therefore be those which will disclose 

tion of syngenetic patterns presupposes a thorough knowl- 
anomalies that are genetically not  too complex. Interpreta- 

edge of the glacial history. To obtain meaningfil results, it 
is frequently necessary  to  sample tills in  section  to the hed- 
rock surface. This  often  requires  heavy equipment and sam- 
pling  costs  may be relatively high.  The analytical methods 
used should  employ  rigorous chemical digestion as well as 
mineralogical determination of resistant minerals. 

Epigenetic  dispersion  patterns  in glacial overburden 
can  he  produced  downslope  due  to  metal  dispersion in 
groundwater, or immediately  over  the bedrock source due 
to capillary forces, biological activity  or gaseous movement 
of volatile  compounds.  Mineral  deposits  in  contact  with 
groundwater may  act  as natural galvanic  cells  which may 

result in electrochemical  dispersion of metals  into the over- 
lying glacial drift. Epigenetic dispersion patterns  may be 
detected  in near-surface soils at relatively low sampling 

supporting  these  principles  is provided by published and un- 
costs  and  by weak chemical extraction. Empirical  evidence 

published data. This  paper  reviews  those  data  that have ap- 
peared in the western  literature  during the last decade, the 
intention being to  outline the present  state of the art in util- 
izing analysis of soil  samples  as an exploration tool in a 
glacial terrain. 
4. Boyle,  D.R. and Troup,  A.G. (1975): Copper-Molybdenum 

Porpbyry Mineralization in Central British Columbia, 

UsefuliuAreasofG1aciatedTerrain;inProspectinginAreas 
Canada: An Assessment of Geochemical Sampling Media 

Mining andMetallurgv, London,  pages  6-15. 
of  Glaciated  Terrain,  Jones,  M.J.,  Editor, The Institution of 

Capoose  batholith area Cu,  Mo  NTS  93E16 
Keywords: Capoose  batholith, stream sediment  geochemistry, 
pedogeochemical  profiling,  glacial  overburden,  biogeochem- 
istry,  factor  analysis. 

the Capoose  Lake area of central  British  Columbia. Drain- 
A geochemical exploration  survey  was carried out  in 

age sediments, stream waters, soil profiles, bogs and trees 
were sampled at a density of not  less than one  sample per 
square mile. In addition, the pH of the  stream and bog waters 
was recorded. All samples were analyzed  for copper, mo- 
lybdenum, lead and  nickel.  The  area  features a large grano- 
diorite  batholith  surrounded  by  an  arcuate  range  of 
volcanics. A number of known and inferred areas  ofcopper- 

the  volcanics  one  area of lead and possibly zinc, minerali- 
molybdenum mineralization are  present  in  the batholith. In 

the  formation  of  ground moraine, of variable  thickness, 
zation is known. Glaciation  in  the  area  is characterized by 

which  covers  the  entire batholith. Reproducible  anomalies 
and  associations exist among  the  various  sampling media. 
A compilation of the factors  obtained from a factor analysis 
of the soil  data  indicates  the  presence of mineral zoning 
within the batholith. Application of factor analysis  to  stream 
sediment and soil  data  indicates that this  type of statistical 
treatment  is useful in classifying batholiths  with  respect  to 
porphyry copper-molybdenum potential. 
5. Bradshaw,  P.M.D.,  Clews,  D.R.  and  Walker, J.L.  (1979): Ca- 

nadian Problems - Valley Glaciated and Non-glaciated Ar- 

Toronto,  pages  41-49. 
eas; in Exploration  Geochemistry, Barringer Research Lfd., 

Newman  copper  property  (Bell  mine) 
Boss  Mountain,  Cariboo-Bell  deposits 
Cu,  Mo  NTS  93L, 93.40, 93N12 
Keywords: Valley glaciations,  soil  geochemistry,  boulder  clay, 
hydromorphic  dispersion,  analytical  extractions,  stream  sedi- 
ment  geochemistry. 

mately 25% of Canada’s land surface, principally in British 
Valley and  non-glaciated  areas  account  for approxi- 

Columbia, the Yukon Territory and  the  Maritime Provinces. 
Historically the  use of exploration  geochemistry  in  these 
areas  has  been  more advanced than in the continentally 
glaciated Canadian Shield. This is due to the  fact that the 
soils  are generally in partresidual  and standard geochemical 
exploration methods  are  applicable  in most ofthe areas. The 
factors discussed here are by no means exhaustive, but  are 
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chosen  in an effort to  cover  the commonly encountered dif- 

discussed, including  soil sampling, differences behveeo soil 
ficulties. Various aspects of geochemical exploration are 

horizons, masking effects, the influence of volcanic ash, hy- 
dromorphic dispersion and laboratory procedures. 
6 .  Bradshaw,  P.M.D.,  Thomson, I., Smee,  B.W.  and  Larsson, J. 

(1974): The Application of Different Analytical Extrac- 
tions and Soil Profile Sampling in Exploration Geochem- 
istry; Journal of Geochemical Exploration, Volume 3, pagcs 
209-225. 
Cariboo-Bell  copper  deposit  Cu,  Au  NTS 93N12 
Keywords: Soil profiles,  till, alpine  glaciation,  Cariboo-Bell, 
hydromorphic  dispersion,  chemical  extractions. 

This  paper  deals  briefly  with  the  principles of geo- 
chemical migration in  the  secondary (soil, sediment) envi- 
ronment,  a  knowledge of which  is  essential  to  a  correct 
interpretation of exploration geochemical data. Examples 
are given  which illustrate that the principles which apply in 
the more easily interpreted tropical areas, also apply in the 
more complicated glaciated regions. Any person using ex- 
ploration geochemistry in geomorphically complicated ar- 
eas  is well advised to study  data from strictly residual soil 
areas  where the fundamentals of geochemical migration are 
more easily observed. From this base it  is easier to under- 

mountainous and glaciated terrain. Of the variety of explo- 
stand  the  additional  complications of  geochemistry  in 

rationgeochemical  techniques whichcanbeused, this  paper 
deals specifically with two: soil-profile sampling  and differ- 
ent  strengths of acid extraction of metal from samples. Ex- 
amples from the different environments are compared and 
contrasted. 
7. Brummer, J.J.,Gleeson, C.F. andHansuld,  J.A.(1987): AHis- 

torical Perspective of Exploration Geochemistry in Can- 

Exploration, Volume 28, pages 1-39, 
ada ~ The  Firs t  30 Years; Journal of  Geochemical 

Canadian  Cordillera  Cu,  Zn, Pb, Various NTS 
Ma,  Au, Ag 

Keywordr: Stream  sediments,  biogeochemistry,  pathfinder 
regions 

element,  overburden,  soils. 

ing  the period from  its initiation in 1938 by Dr. Hans Lund- 
The history of geochemical exploration in Canada dur- 

berg to 1968 is outlined  in  this paper. During  this 30-year 
period, methods based on rock, soil, drainage sediment and 
vegetation analyses  in areas as varied as those in  the Appa- 

have  been applied with  considerable success. Geochemical 
lachian orogen, the  Canadian Shield and  Cordilleran orogen 

methods have led directly to or assisted in the discovery of 
some 18 significant  metal  deposits ofa varied nature  in Can- 
ada  during this period and  since  then of another 23 deposits. 
The  discoveries include: porphyry copper and molybdenum 

earth  deposit,  uranium  deposits and precious  metal deposits. 
deposits,  lead-zinc-silver  deposits,  zinc  deposits,  a  rare 

8. Cargill, D.G.,  Lamb, J. ,  Young, M.J.  and Rugg, E.S. (1986): 
Island Copper; in Porphyry Deposits of the Canadian  Cordil- 
lera, Sutherland Brown,  A,,  Editor, Canadian Insfitute ofMin- 
ing and Mefallurgv, Special  Volume 15, pages 206-218. 
Island  Copper  orebody  Cu,  Mo  NTS 92L/11 
Keywords:lsland  Copper, soil geochemistry,  Cu-porphyry, 
biogeochemistry,  magnetic  surveys,  induced  polarization, 

The Island Copper mine consists of 357 minc:ral claims 
and commenced production in 1971. Soil geochemical and 
geophysical surveys were undertaken, followed I)y drilling 
to define the orebody. The soil geochemical scrvey con- 
sisted of 4200 samples  taken from the  soil  horizon immedi- 
ately  below  the  organic  cover.  Analyses  ranged  from 
background values of less  than 70 ppm copper  to strongly 

aly defined by the 200 ppm contour  is approximr:tely in the 
anomalous values of more than 200 ppm copper. ‘[he anom- 

centre of the orebody. This  anomaly  corresponds io that part 
ofthe orebody overlain by less than 9  metres  ofooerburden. 

soil horizon, hemlock bark and  hemlock needles were also 
Subsequent  biogeochemical  surveys indicated ;:hat the  A 

anomalous over  the  centre ofthe orebody. Ground and aero- 
magnetic surveys  show an irregular shaped magnetic anom- 

polarization  surveys,  conducted  over  the  geochemical 
aly of more than 3000 gammas  over the orebody. Induced 

anomaly, provided resistivity results which are inL:onc1usive 
due to overburden thickness  in the vicinity of thc ore zone. 
9. Can; J.M., Bradshaw,  P.M.D.  and  Smee, B;W. (1975a): Cari- 

boo Bell Cu Deposit, British Columbia; in Conci:ptual  Mod- 
els in Exploration  Geochemistry, Journal of Geochemical 
Exploration, Volume 4, Number 1, pages 60.62. 
Cariboo-Bell  copper deposit Cu, Au >ITS 93N12 
Keywords: Cariboo-Bell,  brunisol,  podzol, cbenozem, soil 
geochemistry,  drainage. 

The soil on the Cariboo-Bell property consi its of three 
main  types  developed  on till. The  most  prevalent  is a 
brunisol which, when freely drained, becomes af,odzol.The 
second type is found in bogs and is  a chernozem. The third 
type  is  a gleysolic soil which is found near the ed,:es ofbogs 
and in the valley bottom. Erratic anomalous higns are con- 
trolled  by  topography  and  the  development of seepage 
anomalies and show only a  weak coincidence w i h  subcrop- 
ping  mineralization.  The  profile  collected  liom well- 
drained soil over mineralization shows  a unifo1,m level of 
copper content with depth in  the mineral soil. The profile 
taken  at the break in slope shows an order of magnitude 
decrease in total copper  concentration  with depth down to 
background values. The profile collected from a bog, al- 
though strongly anomalous  throughout  its depth, also shows 
significant drop  in metal content with depth. 
10. Cam, J.M.,  Bradshaw,P.M.D.  and Smee, B.W. (1!175b): Afton 

Cu Deposit, British Columbia; in Conceptual  Models in Ex- 
ploration  Geochemistry, Journalof Geochemical Explaration, 
Volume 4, Number 1, pages 47-49. 
Afton  copper  deposit c u  NTS 921/10 
Keywords: Afton  deposit,  Cu  porphyry,  luvisol, till, soil pro- 
files, caliche. 

The  Afton porphyry copper  deposit  comprises native 
copper, chalcocite, bornite, chalcopyrite  and pyrite, both 
disseminated and as fracture fillings. The papc,:r describes 
copper distribution in  several  soil profiles alonl: three tran- 

and altered bedrock  with  oxidation  to  depths of60  metres. 
sects developed in thin till (1 to 3 metres) over weathered 

Near-surface and subsurface  soils reflect the jmsence  of 

weak. The occurrence of a poorly developed d i c h e  layer 
mineralization although the anomalies are gererally very 

does  not  appear  to have a  direct effect on the anomaly. 
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11. Cam, J.M. and Reed, A.J. (1 976): Afton: A Supergene Cop- 
per Deposit; in Porphyry Depositsofthe CanadianCordillera, 

andMefallurgy, Special  Volume  15,  pages  376-387. 
Sutherland  Brown, A,, Editor, Canadian Institute ofMining 

Afton  copper  deposit cu NTS  921/10E 
Keywords: Afton,  copper,  soil  geochemistry,  soil  profiles,  gla- 
cial  dispersion, till. 

This  paper reports mainly on the geology of the Afton 
copper deposit, but  some  relevant  comments on soil geo- 
chemistry are  also provided, with an accompanying map. 
The  deposit is located  at the 640-metre elevation in sage- 
brush country, 13 kilometres west of Kamloops. Except  in 
an old prospect  pit  near its east end, the orebody was  hidden 

by a salt pond. Soil  samples  were  collected  from the B soil 
by Tertiary and  Pleistocene  cover up to 27 metres thick and 

horizon at depths of about 20 centimetres, and analyzed for 
total copper. A population of background values  in  samples 

Nicola volcanic  and  sedimentary terrain south ofthe pluton, 
distant  from known mineralization and chiefly representing 

has a normal distribution with a mode of  85 ppm copper, a 
mean of 88 ppm and a standard deviation of21 ppm. A very 

ppm copper reflects mainly  the southwestern pyrite zone, 
large anomalous  area  defined  by  values  greater than 200 

but  is broadened southeastward because of glacial disper- 
sion. This  anomaly  encloses the eastern  pari of the deposit 
and  extends  southeastward  for  more  than  1500  metres. 
Within this broad area, several more intense anomalies  are 
defined by  the 500-ppm copper contour. The largest is 600 
metres  south of the orebody  and  coincides  with  abundant 
outcrops  containing minor, widely distributed, sulphides. 
The orebody lacks a directly  overlying  soil  anomaly because 

elsewhere and the presence of a salt  pond. Immediately to 
of a thick glacial cover at the western  end,  Eocene  strata 

the east, however, two parallel anomalies, each 300  metres 
long and trending  at I W ,  reflect glacial dispersion of ore 
around a central  hump of bedrock situated at the eastern 
limit of the orebody. A bedrock knob 150 metres down-ice 
from the orebody has produced a narrow  anomalous  layer 
that  fans  upward  through the thin  till  mantle  to produce lo- 
cal, very high, copper  values  in  the  overlying soil. 
12. Carson,D.J.  and  Jambor,  J.L.  (1976): Morrison: Geologyand 

Evolution of a Bisected Annular Porphyry Copper De- 
posit; in Porphyry  Deposits  of the Canadian  Cordillera,  Suth- 
erland  Brown, A,, Editor, Canadian Institute of Mining and 
Metallurgy, Special  Volume  15,  pages  264-273. 
Morrison  deposit Cn NTS 93W1 W 
Keywords: Morrison,  porphyry  deposit,  weathering,  stream 
sediments,  overburden,  glaciation,  soils. 

son deposit, hut  some relevant  comments on erosion and 
This  paper  reports mainly on the  geology of the Morri- 

weathering  are  also provided.  The  deposit  is a strongly 
zoned,  annular  porphyry  copper  deposit located north of 
Babine  Lake with geological reserves of about 86 million 
tonnes averaging 42% copper. It  was discovered in 1963 by 
the  Norpex  Syndicate  during follow-up of anomalous cop- 
per concentrations in stream sediment samples. Trenching 
of the thin  overburden uncovered relatively unweathered 
chalcopyrite-hearing bedrock in large areas  on  both sides of 
the stream, where  soil  samples  were anomalous. 

enrichment  occurred  at Momson (as at  the nearby Bell Cop- 
The  authors concluded that if post-Eocene supergene 

per deposit), its  effects  were removed by  later  erosion and 

exposed  the  copper  zone  and  surrounding hydrothermally 
glaciation. Tertiary erosion and Pleistocene  glacial  scouring 

Postglacial weathering  is  very minor. 
altered rocks  and  carved a gully along the Momson fault. 

13. Champigny, N. and Sinclair, A.J. (1982): Cinola Gold D e  
posit, Queen Charlotte Islands, B.C. - A Geochemical  Case 
History; in Precious  Metals  in the Northem  Cordillera,  Levin- 

pages 121-137. 
son, A,, Editor, The Association ofExploration Geochemists, 

Cinola gold  deposit Au NTS 103Fl9 
Keywordr: Cinola  deposit,  primary  dispersion,  secondary  dis- 
persion,  soil  geochemistry,  stream  sediments,  threshold  selec- 
tions, probability  graphs. 

deposit on Graham Island (Queen Charlotte Islands), was 
The  Cinola  deposit, a large-tonnage, low-grade gold 

subject to extensive  geochemical  exploration shortly after 
its discovery in 1970. The  authors reviewed the available 
rock, soil  and  silt multi-element geochemical  data from this 
early exploration  stage  in a rigorous, statistically oriented 
manner and in the light  ofsuhstantial  geological information 
about  the deposit. Some  specific  conclusions  from  this study 
are: (1) silver  lithogeochemical  data  define the centre ofthe 

confined primary dispersion of silver relative to gold; (2) 
mineralized zone better than gold data. This  is  due to a more 

copper, nickel, cobalt,  lead,  zinc  and molybdenum in rocks, 
soils or silts do not provide  clear cut patterns or  high enough 
abundance levels for use in exploration; (3) mercury in soils 
and  in  peat  shows a pronounced secondaq dispersion pat- 
tern,  apparently  due  to  fluid  transport eastward from the 
main  centre of mineralization; (4) threshold selection using 
probability graphs is a useful practical  approach  to evaluate 
spatial  distribution  patterns of subpopulations in geochemi- 
cal data sets. 
14. Coker,  W.B.  and  DiLahio, R.N. (1989):  Geochemical  Explo- 

ration in Glaciated Terrain: Geochemical  Responses; in 
Proceedings of Exploration '87, Garland,  G.D.,  Editor, On- 
faria  GeologicalSurvey, Special  Volume  3,  pages  336-383. 
Buttle Valley; St. Elias  Mountains 

Cu,  Zn,  Pb,  Co,  An, Ag NTS  92F/12,  114P/12E 
Keywork Glacial  drift,  soil  geochemistry,  grain  size,  drilling, 
dispersal  trains,  glacial  comminution. 

Mineral exploration  in  regions that were glaciated dur- 

outcrops  and by the variable  thickness of allochthonous gla- 
ing the Quaternary period is hampered by the scarcity of 

cia1 drift  that mantles the bedrock.  Geochemical  strategies 
that have been  successful  in  exploration  usually involve an 
understanding of the history of the glaciated landscape. 

Stratigraphic  drilling  programs  and  major reconnais- 

data  for  other  geochemical sets, mineral exploration, bed- 
sance  surveys of till geochemistry have provided  baseline 

rock mapping  and  environmental studies. Data on surficial 
geology, glacial stratigraphy  and ice-flow directions  have 
been collected to  aid interpretation oftill geochemistry. Re- 
search on the  residence  sites of metals  in  till  has indicated 
that specific grain-size ranges and  mineralogical  forms hold 
the bulk of the metals, depending on the  species of primary 
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metal-bearing minerals and the history of glacial comminu- 
tion  and weathering. 
15. Cook, S.J. (1991): TheDistributionandBehaviourofPlati- 

num in Soils ofthe Tulameen Ultramafic Conoplex, South- 
ern  British Columbia:  Applications to Geochemical 
Exploration for Cbromititeassoeiated Platinum Deposits; 
unpuh1ishedM.S~.  thesis, The Universify ofBritish Columbia. 
Tulameen  Ultramafic  Complex, 
Grasshopper  Mountain Pt NTS 92W10 
Keywords Grasshopper  Mountain,  Tulameen  Complex,  plati- 
num,  soil  geochemistry,  heavy  minerals,  soil  profiles,  till, col- 
luvium,  stream  sediment  geochemistry. 

posits is hampered by a poor understanding of the distribu- 
Exploration forchromitite-associated platinum (Pt) de- 

tion  and hehaviour of platinum in the surficial environment. 

PGE mineralogy of soils developed on till and colluvium 
This study investigates platinum content, residence sites  and 

above the Tulameen Ultramafic Complex  in  southern Brit- 
ish Columbia. 

Seventy-six soil profiles, as  well  as sediments, bogs and 
waters  were sampled above the dunite  core ofthe Tulameen 
Complex,  within  which  platinum  occurrences  consist of 
massive to discontinuous segregations of platinic chromi- 
tite. Platinum content of the -212-micron fraction of soils 
and sediments  was determined by fire assay - inductively 
coupled  plasma spectroscopy. Samples from 14 selected 
profiles were  then examined in detail to determine platinum 
mineralogy and  its distribution between different size, den- 
sity and magnetic fractions. 

Platinum concentrations  in the -212-micron fraction of 
the C-horizon soils range from 2 to 885 ppb and are closely 
related to  soil  dunite content, as estimated from MgO con- 
tent and verified by X-ray defraction mineralogy. Dunite 
colluvium (mean: 24.2% MgO), locally derived dunitic till 
(mean: 16.5% Mg0)andexoticnon-dunitic till (mean: 5.7% 

pph and 8 ppb respectively. This trend is evident in all grain- 
MgO) have  median platinum concentrations of 88 ppb, 36 

era1 (SG 3.3) fractions is  ten  to twenty times greater than in 
size  and  density fractions. Platinum content of heavy min- 

light mineral fractions. Platinum is most abundant in the 
heavy magnetic fraction from non-dunitic tills and dunitic 
tills remote from known mineralization, but the proportion 
of platinum in the  heavy  nonmagnetic  fraction increases 
with increasing  proximity  to mineralization. 

of heavy  fractions  from  C-horizons  identified platinum- 
Scanning  electron microscope and microprobe studies 

iron-copper alloys as free grains and as inclusions in mag- 
nesium  silicates  and  chromites.  Chromite  occurs  as 
magnesium-chromite-rich anhedral  fragments and as iron- 
rich  euhedral  to  subhedral crystals. The latter, relatively 
more important in  the magnetic fraction, are interpreted as 
platinum-poor  grains  disseminated throughout the  dunite 
whereas  fragments are relatively more important in the non- 
magnetic  fraction  and are interpreted as remnants of plati- 
num-bearing  massive  chromitite  segregations.  The 
abundance of chromite  fragments  in  soils  near chromitite 
segregations accounts  for the high platinum content of the 
nonmagnetic heavy fractions of these soils. 

of C-horizon soils would be  the most  suitable  sample media 
The -270-mesh fraction or the heavy magnetic fraction 

for  reconnaissance  geochemical  sampling. However, the 
greater contrast, more limited dispersion and miignesium- 
chromite-rich  chromite  association of  the  non.magnetic 
heavy fraction make  it a more  suitable medium for detailed 
geochemical sampling. 
16. Cook, S.J. and  Fletcher, W.K. (1993): Distributiim and Be- 

haviour of Platinum in Soils, Sediments aNd Wr.ten of the 
Tulameen Ultramafic Complex,  Southern British Colum- 
bia, Canada; Journal of Geochemical Exploralion, Volume 
46, pages 279-308. 
See also: Cook, S.J. and  Fletcher, W.K. (1989): P1,elimi- 

num in the Soils of the  Tulameen  Ultramufie  Complex, 
nary Report on the Distribution and Dispersion ofPlati- 

Southern British Columbia; in Geological  Fieldwork 
1989, B.C. Ministry ofEnergy. Mines andPefroleirm Re- 
sources, Paper 1990.1, pages 511-518. 
Tnlameen  Ultramafic  Complex, 
Grasshopper  Mountain  Pt  NTS 92W10 
Keywords Grasshopper  Mountain,  Tulameen Conrplex plati- 
num,  soil  geochemistry,  stream  sediment  geochemistry, popu- 
lations, till, colluvium. 
This  paper reports platinum content of surficial media 

associated with platinum-rich chromitites in  the dunite  core 
of the Tulameen Ultramafic Complex. Platinum content of 
the -212-micron fraction of soils  and sediments was deter- 
mined by fire  assay - inductively coupled plasmti spectros- 
copy. C-horizon soils on dunite colluvium (mean: 24.2% 
MgO), locally derived  dunitic till (mean: 1 S.S%,MgO) and 
exotic  non-dunitic  till  (mean: 5.7% MgO) hzre median 
platinum concentrations of 88 ppb, 36  ppb and 8 ppb, re- 
spectively. Corresponding  medians  in ashed LFll horizons 
are 65 pph, 13 ppb and 7 ppb platinum. Platinun'l values of 
8-91 pph  are found in  sediments  from  the small :;tream that 
drains the area. Stream  and  bog waters contain less than 1 
ppt to a maximum of 2.45 ppt platinum. 

Geochemical patterns  forplatinum  indicate hat glacial 
transport and mass wasting are  the  dominant  prccesses that 
control  distribution  in  soils  on  Grasshopper  Mountain. 
There is also slight  evidence  for very limited hyckomorphic 
mobility of platinum and  for  its accumulation in bogs. Dur- 
ing routine exploration geochemical programs, h e  consid- 
erable local variability in  soil  parent materials ,md related 
variations in background concentrations need lo be  taken 

ues. This  requires  careful identification of soil p uent mate- 
into  account  in evaluating the  significance of  phtinum val- 

content of till for this purpose. 
rials. Soil MgO content provides ausefil index ofthe dunite 

17. Cooke,  B.J.  and  Barakso, J.J. (1987): Soil and Plant Geo- 
chemical Orientation Surveys on the Congre,is Property, 
Bridge River District, B.C; in GeoExpo 186, Elliiott, 1.L. and 
Smee,  B.W., Editors, Association ofExplorafion  (ieochemisls, 
pages 77-82. 
Congress  property  Au, Ag NTS 925115 
Keywords Congress property, brunisolic  soils,  biogeochemis- 
try, Douglas fir,  ponderosa  pine,  pedogeochemisfry. 
The purpose of this  paper  is  to report on gzochemical 

orientation surveys  carried out on the Congress property in 
1984 and 1985. In particular, soil and  plant  samples were 
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collected  over two known gold zones in an attempt  to iden- 
tify  the  optimum  sample  medium  for  detecting gold-silver- 
arsenic-antimony vein mineralization in the Bridge River 
district.  Soil  profile  studies  over  the  Howard  and  Extension 
zones show  that  well  developed  brunisolic  soils  occur in the 
Bridge  River  district, but they contain  a  volcanic  ash  layer 
between the A  and  B  horizons.  The B-horizon gives pro- 
nounced  gold,  arsenic,  antimony,  cadmium  and  thallium 
anomalies  over  mineralized  zones  where  glacial  overburden 
is thin (<5 metres). Soilorientation  survey  lines overthe two 
veins indicate  that  although the LFH horizon does  contain 
moderate gold and arsenic  anomalies  and  weak  antimony 
anomalies, they are  not  as  strong  as the anomalies in the 
B-horizon  for  gold, silver, arsenic and antimony. 

zones  show  that  the  vegetation is typical,  subalpine  conifer- 
Plant sample  studies over the  Howard  and  Extension 

ous forest,  dominated by Douglas  fir  on the north  slopes  and 
ponderosa pine  on  the  south  slopes.  Douglas  fir  first-year 
growth gave  pronounced  arsenic  and gold anomalies  above 
the mineralized zones. Ponderosa  pine produced moderate 
gold, antimony, silver  and  arsenic anomalies, indicating  that 
it too  can  be  sampled  in  prospecting for gold. Plant orienta- 
tion survey lines over the two veins  suggest  that biogeo- 
chemical  samples do produce  significant  anomalies  that can 
be  ranked as follows: 1) arsenic in  Douglas fir > ponderosa 
pine; 2) gold in Douglas fir > ponderosa pine; 3) antimony 

> ponderosa pine.  Although first year stems were the pre- 
in ponderosa pine > Douglas fir; and 4) silver in Douglas  fir 

ferred sample  medium,  it  was found that  not  enough mate- 
rial was  available at  each  sample site  due to lack of  trees or 
sparsity  of  branches.  Whole-branch  sample  results  were 
generally lower but more  consistent than first-year growths, 

was  found that  low-order  gold, antimony, silver  and  arsenic 
so they were used in subsequent  biogeochemical  surveys. It 

biogeochemical  anomalies  were  detectable  over 10 metres 
of overburden,^^ to 100 metres  from  subcroppinggoldmin- 
eralization,  whereas  pedogeochemical  anomalies  were  re- 

overburden. Sampling  different  trees  over the same lines at 
stricted  to  about SO metres  from  the  source and 5 metres  of 

the  same  spacings but different times of year (July vs. De- 
cember), indicated  that the same  anomalies  were  identified 

As the July survey  gave  lower  numbers than the  December 
but the numbers  were  quite  variable  from  season  to  season. 

wet winters  compared  to  the  usually  dry  summers,  contrary 
survey, there  must be more uptake ofmetals in the relatively 

to  the  normal  spring-dominant  growth  cycle of most  plants. 
Therefore,  follow-up  biogeochemical  surveys  should  be 
carried out at the same  time  of the year  as  previous  surveys 
in order for the  data  to  be comparable. 
18. Coope, J.A. (1975a):  Sheslay  Cu-Mo  Prospect,  British Co- 

lumbia; in ConcepNai  Models in Exploration  Geochemistry, 
Journal of Geochemical  Exploration, Volume 4, Number I ,  
pages  97-99. 
Sheslay Cu-Mo prospect  Cu,  Mo NTS 104K 
Keywords:  Sheslay  prospect, Cu porphyry, cold-extractable 
heavy  metals,  seepage,  soil  geochemistry,  soil  creep. 

consists  ofwidespread  disseminated  sulphides  consisting  of 
The Sheslay prospect  lies  on  a  rolling  plateau  area and 

pyrite with lesser  amounts  of  chalcopyrite  and molybdenite. 

This  study  is based on two  soil  traverses  down  a  hillside in 

The  distribution  of  copper,  molybdenum  and  cold-ex- 
well-drained  residual  soils  to  soils  with  extensive  seepage. 

tractable  heavy  metals in soils  along  the  two  traverses  is 
presented.  From  this  case history, it  is  apparent  that cold-ex- 
tractable  methods on  drainage  material  would  be the most 
satisfactory  reconnaissance  technique in the Sheslay  area  to 
prospect  for  disseminated  copper  mineralization.  However, 
these  methods of soil  analysis are likely  to  give  misleading 
results if the mobility  of  the  copper in the  environment  and 
its  concentration in seepage  areas  are  not  studied. 
19. Coope, J.A. (1975b): lngerhelle Cu Deposit,  British  Colum- 

bia; in ConceptualModelsinExplorationGeochemishy, Jour- 
nal of Geochemical  Erploration, Volume 4, Number 1, pages 
75-76. 
Ingerbelle  copper  deposit cu NTS 92W7 
Keywordxlngerbelle  deposit,  glaciofluvial  sediments,  boulder 
clay,  weathered  bedrock,  soil  geochemistry,  soil  profile. 
The  Ingerbelle  mine is located  south  of  Princeton on 

posit  is  overlain  by  glaciofluvial  gravels  of  variable thick- 
the  eastern  side  of the Cascade  Mountains.  The  mineral  de- 

ness,  from 0 to  approximately  15  metres.  Soil  development 
is  shallow (to 50 centimetres)  and  podzolic. A single  soil 
profile  illustrates the distribution  of  copper  through trans- 
ported  glaciofluvial  deposits  and  boulder  clay  into  weath- 
ered  bedrock to a total  depth of 265 centimetres.  The 
bedrock at this point  is  weakly  mineralized andesite  with 
approximately 0.15% copper. The  transported  glacial mate- 
rial (waterlain  glacial  sands  and  boulder  clay)  completely 
masks  all  geochemical  response in the  overlying soil. 
20. Davidson, A.J. and Pine, ID.  (1987): The Rea Gold Massive 

Sulphide Deposits,  Adams Lake, B.C.: A Geochemical  Ex- 
ploration Study;  Abstract, in Journal of Geochemical  Erplo- 
ration, Volume  29,  page 390. 
Rea  Gold  massive  sulphide  deposit 

A q  Ag,  Cu, Zn, Pb NTS 82W4 
Keywordx Rea  Gold, soil geochemistry,  heavy  minerals, 
stream  sediment  geochemistry,  soil  profiles,  downslope  dis- 
persion. 

asaresultofpersistentprospectingusingacolorimetricgeo- 
The  original  showing  was  discovered by Mr. A. Hilton 

chemical field kit. Anomalous  soil  and  silt  samples local- 
ized the prospecting  to  an  area  of  active  logging  where  a red 
hematitic  gossan  overlying  massive  sulphides  was  exposed. 
Later, heavy  mineral  stream-sediment  sampling by Corpo- 
ration  Falconbridge  Copper  also  highlighted  the  deposit 
area. A detailed  B-horizon  soil  survey  both  up  and 
downslope  from  the  original  showing  accurately  located 
both massive  sulphide  lenses,  although  the  downslope  dis- 

Additional  soil sampling defined  a  mineralized  chert hori- 
persion ofsome elements is  significantly greaterthan others. 

zon at a  lower  stratigraphic  level.  Drill  testing ofthis  horizon 
has also  confirmed  the  soil results. 
2 1. Day, S. (1985): A Petrographic and Geochemical Compari- 

son of Massive Sulphide Boulders in East Arm  Glacier, St. 

Deposit;  unpublished B.Sc. thesis, The Universiry of British 
EliasMountains,Britih Columbia  with thewindy Craggy 

East Arm Glacier,  Windy  Craggy  deposit 
Columbia, Vancouver. 

Cu,  Co, Zn, Ag,  Au  NTS 114P/12E 
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Keywordx East Arm Glacier, Windy Craggy, massive  sulphide 
boulders,  outwash,  probability  graphs,  multiple  regression 
models. 
Boulders of banded massive sulphides in outwash  from 

the  East  Arm  Glacier in the  St.  Elias  Mountains  are  com- 
pared  petrographically  and  geochemically  with  massive 
sulphide  samples  from  the  Windy  Craggy copper-cobalt- 
zinc-silver-gold deposit  to  determine  whether  the  deposit 
could  be a possible  source  for  the  boulders.  The pet- 
rographic study involved examination  ofhand samples, pol- 
ished  sect ions  and  thin  sect ions  to   determine  the 
mineralogical and textural  characteristics  of the suites.  This 
was  followed  by a statistical  study in which  probability 

variate comparison tests were used to determine  trends 
graphs, scatter plots, correlation diagrams and simple uni- 

within  the  datasets  and  to  compare  the  results  between 
datasets.  Geochemically  the  East  Arm  boulders  and  the 
Windy  Craggy  deposit  are very similar  although  there  are 
subtle  differences inratios and intercorrelations  ofelements. 
Multiple  regression  models generated for the boulders do 
not appear to  be  good  models  for  Windy Crag>gy. 
22. Day, S. (1988): Sampling Stream Sediments for Gold in 

Mineral Exploration, Southern British  Columbia; unpub- 
lished  M.Sc. thesis, The Universiw of British Columbia. 
Tsowwin  River,  Salmonbemy  Creek, 
Franklin River, Hanis Creek, 
Watson  Bar  Creek 

92F/03,04,92F/02,  821./02,920/01 
Au NTS  92El15, 

Keywords: Stream  sediments,  placer  gold, Tsowwin  River, 

Bar Creek. 
'Salmonbeny  Creek',  Franklin  River, Harris Creek,  Watson 

The  problems  encountered  by  exploration  geochemists 
when  sampling  stream  sediments  for gold were  investigated 

tendency  to  form  small  placers at certain  locations in the 
by considering  the  sparsity  of  free gold particles and their 

stream bed. 

ment  were  collected  from  contrasting energy and geochemi- 
Fourteen  20-kilogram  samples of -5-millimetre sedi- 

cal  environments in five streams  draining gold occurrences 
in southern  British  Columbia.  The  samples  were sieved to 
six  size  fractions (420 pm to 52 pm) and gold content  was 
determined  by  neutron  activation  analysis  following prepa- 
ration oftwo  density fractions  using  methylene  iodide.  Gold 
concentrations  were  converted  to  estimated.number  of free 
gold particles  and  the  Poisson  probability diswihution was 
used to show  that  much  larger  field  samples (>IO0 kilo- 
grams  of  -1-millimetre  screened  sediment)  would  be re- 

acceptable  levels.  However, in a comparison  of conven- 
quired  to  reduce  random  variability  due  to  nugget  effects  to 

tional  sampling methods, the  lowest  probability  of  failmg  to 
detect a stream  sediment  gold  anomaly is obtained  usingthe 
sampling  method  described in this study, 

lecting  twenty 60-kilogram samples  of  -2-millimetre  sedi- 
Small-scale  placer  formation  was  investigated  by  col- 

ment  from  ten  locations  along 5 kilometres  of Harris Creek 
in the O h a g a n  region, east of Vernon. Samples  were  pre- 
pared  and  analyzed as described  above,  though heavy-min- 
era1 concentrates  were  only  prepared  for two size fractions. 
Gold  was  found to be considerably  enriched in sandy gravel 

deposits,  with  the  effect  decreasing as sediment size de- 
creased. The level of  enrichment  varies  on  the strearn in 
response to  changing  channel slope and  local hydrologic 
conditions.  Gold  anomaly  dilution  is  apparent in sand de- 
posits  hut  not  apparent in sandy gravel  deposits ,% gold is 
preferentially  deposited in  gravels  as  channel  slope  de- 
creases.  These  results  are presented in the: fradework of 
H.A. Einstein's sediment  transport model. 

Sediment  collected  from  gravels  may  represe.lt  the best 

high gold concentrations,  however, in very  hipb  energy 
geochemical  sample as placer-forming processes produce 

streams, the  small  quantities offine  sediment in gr'avels may 
lead to  unacceptable  nugget effects. In the latter  case, a sam- 
ple  collected  from a sand deposit  is a satisfactory alternative. 
23. Day, S., Broster, B.E. and  Sinclair, A.J. (1987): Sulphide Er- 

ratics Applied to Subglacial  Exploration: St. Elins  MQUII- 
tains, British  Columbia; Canadian  Journa' of Earth 
Sciences, Volume 24, pages  723-730. 
East Arm Glacier m a  Cu,Co, NTZl  114P/12E 

Keywork Sulphide emtics, subglacial  exploration,  glacial 
drift, ice flow, scatter  plots,  regression models. 

Petrographic  and  geochemical data from gla,cial emt-  
ics  provide  evidence  for a hidden  subglacial  source  when 

outcropping locally. These  results  are in agreement with 
compared  with  data  from the only known sulphiie  deposit 

reconnaissance  exploration program. It  is suggested that the 
geological and  glaciological  studies conducted as  part  of a 

integrated approach  described  here  is an inexpcnsive and 
rapid exploration  method  that  can  determine the lielil~ood 

posits. 
of additional subglacial  occurrences in areas of laown de- 

24.  Downing, B.W.  and Hoffman, S.J. (1987): A M~~ltidkipli- 
nary Exploration Case History of the Shasta I:pitherma! 
Gold-Silver Deposit, British Columbia, (Canada; in Geo- 

Exploralion Geochemists, pages  72-76. 
Expo /86, Elliott, 1.L. and  Smee, B.W., Editors, As.?ocwtion of 

Shasta epithermal  gold-silver  deposit 

Keywordx Shasta deposit,  soil  gemhemisky,  stream  sediment 
geochemisby, till, dispersal trains, resistivity survmgvs. 

The Shasta epithermal vein-stockwork; gold-silver de- 
posit is in the  Toodoggone gold camp ofnoeth-cmtd Brit- 
ish  Columbia.  The  property  has  been  explored  using 

and  diamond  drilling. Two mineralized  zons,s  suhcrop 
geochemical  and  geophysical  surveys,  geologicd  mapping 

within a 1000 by 300 metre area  over an elevatitm m g e  of 
375 metres. 

The  Shasta  deposit  is  hosted  by  orange-weathering, 
quartz-eye feldspar  crystal Win a horst  block OI:I the flanks 
of a northwest-trending graben. Pyrite, electrum:, acar~thite 
and  native  silver  with  minor  native  gold,  chalw'pyrite, ga- 
lena  and  sphalerite, in chalcedony, calcite  and quartz frac- 
ture fillings,  form  stockwork  vein systems. B e s t p d e s  are 

vein-filled fractures or faults. The Shasfa deposit  exhibits 
hosted by  silicified  breccia at the  intersection oftwo or more 

features  common to othergold  prospects in the Twdoggone 
camp  and  to epithermal deposits in the southweslem United 
States and Mexico. Known mineralized z0:nes axe reflected 

Zn, Ag,  Au 

A& Ag NTS 94W6 
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by gold, silver, lead and  zinc  soil anomalies, with gold being 
dispersed 25 to 100 metres  eastwards.  A  potential 3-kilome- 
tre strike length of  gold-bearing  source  rocks  is  indicated  by 
the  geochemical  soil survey. Multi-element  studies  place  the 
southern  limit  of  the  favorable  quartz-eye  feldspar  crystal 
tuff unit 400 metres  farther north khan was  appreciated  pre- 
viously. Known mineralized zones have high  resistivities 
reflecting  quartz  veining  and  pervasive  silicification. 
Radem  VLF  anomalies  map  major  fault  zones but do  not 
generally  correlate  with  zones  of high resistivity. Areas  of 
silicification  and  gold-silver  occurrence  are  reflected by low 
values on a ground  magnetometer survey. The  Shasta de- 
posit  was  found  by  prospecting.  Orientation  soil  and geo- 
physical  surveys  have  detected  anomalies  near  the 
discovery  prospect  which  have  been followed up success- 

25.Dunn, C.E. and  Scagel, R.K. (1989): Treetop Sampling 
From a Helisopteer- ANew Approach to Gold Exploration; 
Journal ofGeochemicalExplorufion, Volume  34,  pages 255- 
270. 
QR deposit Au NTS 93N12 
Keywordx Quesnel  River  deposit,  lodgement  till,  biogeo- 
chemistry,  Engelmann  spruce, Douglas fir,  dispersion  train. 

fully. 

Foliage  from Douglas fir (Pseudofsuga  menziesii) tops 
was  collected  from 94 sites around the poorly exposed QR 
gold deposit in central  British Columbia. Locally high  con- 
cenhtions of gold in ashed stems  suggest a northwestward 
(down-ice) dispersion train of  gold  extending  uphill  for  at 
least 500 metres  from  the deposit. In addition, a down-slope, 
hydromorphic  dispersion  train  is  evident. All trees  sampled 
are extremely  rich  in  arsenic,  but the distribution  patterns 
are less  clearly  related to the  mineralization than those  of 
gold enrichment.  Summary  statistics  of  analytical  data  for 
35 elements  are  provided  to  serve  as  baseline  information 
for fume studies. 

The  sampling  method,  which is described in detail,  is 
simple  and  cost effective. In one  hour the foliage  of  tree  tops 

more, can  be  collected by a three-person  helicopter crew. 
from  about 50 sites,  spaced  at  intervals  of 200 metres or 

The techique is particularly  appropriate  for rapidly screen- 
ing mgged  or  heavily forested temain, regardless  of  snow 
cava, in order  to  establish  priorities  for  ground follow-up 
exploration mgees. 
26. Fletcher? W.K. (1989): ~ ~ ~ i u m r y  Pwestiigntions of Phti- 

mum Cont@int O f  SO& and Sediments, Soulhem Britbb Co- 

Emw, Mines andPeholeum Resources, Paper  1989-1,  pages 
l u m b ~  in Geological  Fieldwork  1988, B.C. Minislry of 

607-610. 
Fwnklin Camp,  Tulameen  Ultramafic  Complex, 
Scottie  Creek pt 82E/9,92W7, 10, 

92U14 
Kqwardx TulameenComplex, ScottieCreek,FranklinCamp, 
soil  geochemistry, stream sediment  geochemistry,  heavy  min- 
erals. 

in soils  and  sediments is limiting  application  of exploration 
The lack  of  information  on the distribution of platinum 

geochemical  methods to the search  for  platinum  deposits  in 
British Columbia. This paper  reports  results of  preliminary 
investigations  of the platinum  and palladium content  of soils 

and  sediments  from the Frankiin  mining  district  near  Grand 
Forks, from  the  Tulameen  Ultramafic  Complex  and  from 
Scottie Creek, north of  Cache  Creek.  Platinum  concentra- 
tions in soils tend to  reflect  the  amount of ultramafic  float 
in the profile. However, as a result of dilution by till,  con- 
centrations  close to  known  bedrock  occurrences  are often 
less  than 50 ppb. In poorly  developed  soil  profiles  there  is 
no obvious  redistribution  between  soil  horizons or size frac- 
tions. In drainage  sediments  platinum  is very cleanly  parti- 
tioned  into the heavy  mineral  fraction. 
27. Fox,  P.E.,  Cameron,  R.S.  and HoEman, S.J. (1987): Geology 

and Soil Geochemistry ofthe Quesnel  River Gold  Deposit, 
British  Columbia; in GeoExpo 186, Elliot, 1.L. and Smee, 
B.W., Editors, The Association ofExplornfion Geochemisfs, 
pages  61-71. 
Quesnel  River  (QR)  gold  deposit An NTS 93N12 
Keywork Quesnel River deposit,  lodgement  till,  colluvium, 
boulder tnins, soil geochemistry,  ice  flow. 
The  Quesnel  River  (QR) gold deposit is situated  near 

the eastern  edge ofthe  Intermontane  Belt of British  Colum- 

blage  of  Upper  Triassic  to  Lower  Jurassic rocks. The  deposit 
bia, in a northwesterly  trending  volcanic-plutonic  assem- 

comprises  two  separate  zones  within a series  ofTriassic-Ju- 
rassic  basaltic  lavas,  breccias  and tuffs close  to a small dio- 
rite stock. Hostrocks  are  pyritic  and  intensely  propylitized. 
Routine  sampling  ofglacial  tills led directly to the  discovery 
of both zones. Two clearly  defined  dispersion  trains  were 
obtained in which  down-ice  dispersion  of  gold and path- 
finder  elements  (arsenic,  cobalt,  iron, antimony, copper, 
cadmium,  lead)  are  well  defined  for  about 1 kilometre  from 
bedrock  sonrces. 
28. Gravel, J.L. and  Sibbick, S.J. (1991): Geochemical  Disper- 

sion in Complex Glacial Drift at the Mount Milligan Cop- 
per-Gold  Porphyry  Deposit; in Exploration in British 

Resources, pages  117-134. 
Columbia  1990,B.C. MinimyofEnem, MinesandPefroleum 

Mount Milligan Cu, Au NTS 93N/IE, 
930l4W 

Keywork Mount  Milligan,  geochemical  dispersion, soil pro- 
files,  till,  glaciofluvial  sediments,  colluvium,  hydromorphic 
dispersion. 
This paper  examines  some  of  the  geochemical  aspects 

of  copper  and gold dispersion in various  surfcia1 deposits 

Mount  Milligan  deposits  are  concealed  by  complex  surficial 
at  the  Mount  Milligan  porphyry  copper-gold  deposit.  The 

deposits  comprising  colluvial,  morainal  and  glaciofluvial 
sediments  ofvariable thickness.  Anomalous  dispersion pat- 
terns  of gold and  copper in the  surficial  materials  are  influ- 
enced  by  the  type  of  surficial  deposit  and  postglacial 
remobilization due to  weathering.  Significant  differences in 
mean  copper  and gold concentrations  exist in soils derived 

this  difference  is  related to the origin ofthe surficial  depos- 
from till versus soils  derived  from  outwash.  The  source of 

its, specifically the relative  proportions  of  local  mineralized 
material  to  nonlocal  barren  material  incorporated in the  two 
types  of  drift.  Hydromorphic  remobilization  of  copper re- 
sulting  from  oxidation  and  acid  leaching in the  near-surface 
environment  produces  steep  vertical  concentration  gradi- 
ents  within soil. B-horizon  samples  over  mineralization  may 
be so depleted  in  copper  as  to be indistinguishable  from 
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Minishy ofEnew,  Mines and Peholeum R ~ ~ O I I E E S  

background.  Highest  copper  concentrations  are noted in the 

bilized copper  precipitating as a surface  coating  on grains. 
fine (-80 mesh/-I77  pm)  fraction,  probably clue to  remo- 

witbin the  glaciofluvial  outwash  can be tracecl for a mini- 
In  the  Esker  Zone  trench, a mineralized  dispersion  train 

mum of 50 metres  down  palaeocurrent  from a bedrock 
source  and  probably  extends  beyond  this  distance. Grid soil 
sampling  on SO-metre spacings  would  detect the anomalous 
drift. 

Successful  application of  geochemical  techniques in 
drift  prospecting  requires a solid understanding of glacial 
and  postglacial  processes.  Failure to correctly  classify  sur- 
ficial deposit  types  will  complicate  interpretation of soil 
geochemistry  and  may  mask  true  anomalies and indiscrimi- 
nate sampling of the B and C  soil  horizons could generate 
false anomalies. 
29. Gunton, J.E. andNicho1, 1. (1974):  Delineation  and Interpre- 

tation ofMetalDkpersion  PatternsRelated  toMineraliis- 

Geochemistry, Canadian Institute of Mining a,rd Mefallurgv, 
tion i n  the  Whipsaw  Creek Area; in Exploration 

Volume  67,  pages  66-74. 
Whipsaw  Creek area Cu, Mo NTS 92W7 
Keywords: Whipsaw  Creek,  basal  till,  soil  geochemistry,  by- 
dromorphic  dispersion,  induced  polarization,  drilling. 

ration techniques  in  certain  areas of British  Columbia  is se- 
The  straightforward  application of geochemical explo- 

verely  restricted  due to marked  variations in the  surface 

anomalous  metal  distributions  in the surface  material  do  not 
environment.  These  variations  create a situation in  which 

necessarily  reflect  mineralization. A method is described 
involving  deep  overburden  sampling  whereby it has been 
possible  to  discriminate  localized  anomalous  zones  at depth 
associated with mineralization within extensive  areas ofsur- 
ficial  anomalies.  Detailed  sampling  of  the  surficial  material 
did not  reveal  any  precise  reflection of underlying minerali- 
zation. Low-grade  copper-molyhdenum mineralization oc- 
curs  along  the  contact  between a porphyry intrusive and 

area is one of strong relief, bedrock  being  overlain by glacial 
chloritized  extrusives  adjacent to a granodiorite  stock.  The 

material  consisting of glacial  till  and  possibly  some strati- 
fied drift. A thin  veneer  of  colluvial rubble with poor soil 

organic  debris has accumulated  in  narrow  swampy areas. 
development  covers  the  hill slopes; at  the base ofthe slopes, 

Previous  geochemical  drainage  sampling  had  revealed 

and  soil  sampling had shown the presence  of  only  relatively 
strong and extensive  copper  anomalies in certain  swamps 

weak  anomalies  outside the swamp  areas. An induced po- 
larization  survey  over the  swamp had indicated local re- 
sponses,  providing  evidence  of a metal source within the 
extensive  anomalous  swamp area and  some  of  the  earlier 
drilling had intersected  minor  mineralization.l'hese  features 

might  not be entirely due to accumulation  of metal by or- 
suggested  that  the  anomalous  metal  values in the  swamp 

mineralization. 
ganic  material  from  background  concentrations or remote 

Soil and organic  samples  were  collected on a grid, to- 
gether with till samples  taken from depths of up  to 10 me- 
tres,  using a Cobra  drill  and  soil  sampler.  Overburden 
sampling  extended  over  selected  portions  of the anomalous 

swamp,  including  the  area of the geophysical anomaly, and 

material  underlying  the  swamp  revealed localized areas of 
onto adjacent freely drained  soils.  Analyses of the glacial 

strongly  anomalous  copper  relative  to  the broad anomaly in 
the surface organic material. The most  strongly  anomalous 
samples  contained  sulphide grains distinguishable under a 
binocular microscope, indicating a mechanical rather than 
hydromorphic  origin  for  the anomaly. The  zone  of'mechani- 

the  sulphide-held  copper  (ascorbic acidmyclrogetk peroxide 
cally dispersed  metal in the  till  was definedl on the basis of 

extractable)  and  sulphur  distribution.  Results ofdrilliigcar- 
ried out simultaneously with the basal-till samrlling indi- 
cated that  the  more  localized  anomalies  werc  clos8 :ly rei,ated 
to  mineralization. 
30. Hicock, S.R. (1986):  Pleistocene  Glacial Dlspemd and His- 

toryin theBuffle VaUey,VnncouverIslandl,  BPitisb Colum- 
bia: A Feasibility  Study for Alpine Drift Pr'orpesting; 
Canadian Journal ofEarth Sciences, Volume 23, pages 1867- 
1879. 
Buttle  Valley Cu, Zn, Pb >ITS 9%F/12 
Keywords: Buttle  Valley,  lodgment till, outwash,  dispersal 
trains,  ice  flow, soil geochemistry. 

Lodgment till exposures in the Myra  and Bu lk  valleys 
of central Vancouver Island reveal a short  (approximately 
20 kilometres) glacial dispersal train of Westmmin mwsive 
sulphide ore in the  clay  fraction  only (copper$ zinc, lead). 
Ore  dispersal  was  eastward  down  the tributaey IVLp Creek 
valley, then northward along  the  west  side tof the val- 
ley. This study suggests  that in alpine  drift-prosp:cting prn- 
jects,  anomalies should be traced  up valley into tributary 
valleys along the same valley side, using the gecchemiotry 
of the -0.002-millimetre  fraction of the basal lill mnkix. 
Fraser  glaciation in the  valleys  eroded  and deforred under- 
lying  sediments and bedrock  while  removing  eridence of 
previous glacial events.  Glaciolacustrine  silt  and !!and, l.odg- 
ment  till,  deltaic  recessional  outwash an(d colluvial  fans 
were deposited during  the last 25 000 radiocarbon years. Ice 
movement  followed  the  classical  alpine g:laciation model. 
Tributary lobes  advanced down-valley and merge:d (without 
mixing) to  form a main trunk Buttle  lobe, .whicf,: advanced 
northward, tntncating  some  of  the  tributary valb:ys.  PAt the 
Fraser  maximum,  glacier ice had  built  up to covey all hut the 
highest peaks; dnunlinoids  imply  southwestwar~l flow over 
the  highest  glaciated ridges. During deglaci.ation'. the Buftle 

wash and glaciolacustrine diamictons. 
lobe probably retreated rapidly, depositing  recessionil  out- 

31. Hodgson,  C.J.,  Bailes, R.J. and Verrosa, FLS. (1:976): Cad- 
boo-BeU; in Porphyry  Deposits of the  Canadiar:.  Cordillera, 

andMefaNurxy, Special  Volume 15, pages 388-3!)6. 
Sutherland  Brown, A,, Editor, Camdim Inrtihrr,s ofMining 

Carib-Bell deposit CU, AU NrS 9 3 ~ 1 2 ~  
Keywora(S: Carib-Bell, soil geochemistry, till, glaciofluvial 
sediments,  soil  anomalies,  hydromorphic di!pasicmn, geophys- 
ics. 

This paper  reports  mainly on the  geology c d  the Cari- 

chemistry  and an accompanying map an: alsc,  provided. 
boo-Bell deposit, but some  relevant  comments c a  soil.  geo- 

This copper  deposit is located 56 kilomehes northeast of 
Williams  Lake  at an elevation of 1160 metxes on the west 
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slope  of  Polley  Mountain  in  the  Cariboo  district.  Although 
the  copper  showings on Polley  Mountain  probably  were 
known locally  for  decades inthis historic gold placer  mining 
area, no record exists  of  their  exploration  before 1964. The 
deposit is mantled  by till and  glaciofluvial  sand  and  gravel. 
Geochemically, the principal mineralized zones  lie  midway 
along a soil anomaly, 5000 metres  long  (with 200 ppm  cop- 
per in the B-horizon), which  trends northwestward parallel 
to the  direction ofthe last  glacial  advance.  The  anomaly  has 
three  parts  of  equal length: a central  part  which is related to 
mineralized breccias, with  overlying  soils  that  contain  con- 

with pyritic  monzonite  that  contains  between 0.05 and 0.1 % 
sistently  above 500 ppm  copper; a southern  part  coinciding 

ported  copper in till.  Hydromorphic  dispersion  of  copper 
copper;  and a northern  part  representing  glacially  trans- 

nificance  attributed  to it by  Bradshaw el  al. (1974).  Gold in 
from the ore  zones  is  apparently  limited,  contrary  to  the sig- 

soilsgenerallyshowsasimilardistributiontocopperbutless 
consistently  than copper. Values greater  than 30 ppb  are  con- 
sidered  anomalous  and  occur  above the mineralized  zones 
and  throughout  the  length  of the transported anomaly. 
32. Hoffman, S.J. (1972): Ceocbemical  Dispersion in Bedrock 

and Glacial Overburden Around a Copper  Property in 
South-central British  Columbia; unpublished  M.Sc.  thesis, 
The Universify of British  Columbia. 
Rayfield River copper property Cu NTS 92Pl6 
Keywords Rayfield  River,  glacial  deposits,  soil  geochemistry, 
stream sediments,  boulder  tracing,  biogeochemistry. 

Copper  enrichment  within  glacial  overburden is usually 
detectable  over  twice  the  area  underlain by bedrock miner- 
alization.  Most  secondary  anomalies overlie  batholithic 
rocks,  except  in  the  south  where  rounded  syenite  float 
blocks, mineralogically and sa~cturally similar to the  most 
striking  bedrock anomaly, were  transported by a glacier 

Nicola  volcanics. On a regional survey, boulder  tracing  and 
down  the  Bonaparte  River valley to where they now  overlie 

lake  sediment or lake water sampling  are  most  likely to in- 
dicate  the  presence  of a mineralized intrusive. Detailed sam- 
pling  reveals  anomalous  stream  sediments of the Rayfield 
River  and  copper-rich talus along  the  valley  sides  of the 
northern half  of  the properly. Detailed  soil sampling is  not 
suitable  for  outlining  copper  mineralization, as alkaline soil 
and  thick  overburden  restrict  movement  of  copper ions. Er- 
ratic  high  copper  values are usually related to mine ra l id  
float or bedrock. Analysis  of second year growth  ofDouglas 
fu or lodgepole  pine  apparently  does  not  detect mineraliza- 
tion in bedrock. 
33. Hoffman, S.J. (1986): Case History and Problem 5: A Cop- 

per Property; in Exploration  Geochemistry: Design and In- 
terpretation of Soil  Surveys,  Fletcher, W.K., Hoffman, S.J., 
Mewens, M.B.,  Sinclair, A.J. and Thornson, I.,  Editors, Re- 
views inEconomic  Geology, Volume 3, pages 155-180. 
McConnell  Creek  map  area  Cu, Au 94D 
Kejwor& McConnell  Creek,  soil  geochemistry,  till, s t r e a m  
sediment geochemiw, boulder  tracing,  alpine  glaciation. 

This C W  history  illustrates  the  many  interrelated  vari- 
ables  that  must be considered  during  interpretation  in  soil 
surveys.  Recommendations  must  ensure  that  follow-up 
funds are well  spent  examining bonafide anomalies. The 

probable bedrock source  for an anomaly  must  be  predicted 
and  it  is a serious  error  to  assume  that  contoured  high  values 
are a "bull's eye"  for  the  bedrock  source  of  metals.  Failure 
to  correctly identify anomaly  sources  at an early  stage  can 
seriously  distract the exploration  effort,  resulting in lost  time 
and  money. 
34.Hoffman, S.J. and  Fletcher, W.K. (1972): Distribution of 

Copper at the Dansey - Rayfield River Property, South- 

Exploration, Volume 1, pages 163-180. 
central British  Columbia, Canada; Journalof  Geochemical 

Dansey - Rayfield  River  property Cu NTS 92Pl6 
Keywords Dansey,  Rayfield  River, till, glaciofluvial  sedi- 
ments,  sheam  sediment  geochemistry,  soil  geochemistry,  dis- 
persal trains. 

The  Dansey - Rayfield  River  property  is  located on the 
Interior  Plateau  of  south-central  British Columbia. Glacial 
deposits  and the alkaline  geochemical  environment  found 
on the property  are  typical of the semi-arid interior of south- 
ern British Columbia. Variations in  copper  content of bed- 
rock,  glacial  float,  overburden  and  stream  and  lake 
sediments  and  waters are described.  Mineralized  syenite is 
exposed in crags  along  the  Rayfield  River on the  northern 
part of the property. From  this  source an indicator  train  of 
copper-rich  syenite  float  can  be  traced  up  to 4 kilometres 
across  the  plateau in the  direction  of  ice  movement.  Lake 
sediments  associated  with  the  mineralized  zone  also  contain 
above  average  copper values. 

strong  copper anomalies are developed  in soils  and sedi- 
Along the deeply  incised valley  of  the Rayfield River, 

ments derived from  mineralized  syenite.  In  contrast, on the 
plateau, where  soils  and  sediments  are  largely derived from 
glacial  deposits,  copper  anomalies are either  very  weak or 

materials, copper  content is shown  to  increase  with depth. 
absent. In soil profiles  developed  over a variety of parent 

This trend,  which  follows  pH, is attributed  to  leaching  of 
copperfromthe surface  horizons and its  accumulation  under 
increasingly  alkaline  conditions.  Because  of  the  limited 
solubility  of  copper in alkaline  waters, the Rayfreld River 
@H  7.8) does  not  contain  anomalous  concentrations of dis- 
solved copper. On the basis of these  results,  glacial  float or 

techniques  for  reconnaissance  geochemical  exploration in 
lake sediment  sampling are suggested  as potentially  useful 

southern  British Columbia. 
35. Horsnail, R.F. (1975): Highmont Cu-Mo Deposits, British 

try, Journal of Geochemical  Exploralion, Volume 4, Number 
Columbia; in Conceptual  Models in Exploration  Geochemis- 

Highmont  Cu-Mo  deposits  Cu, Mo 
1, pages 67-72. 

NTS 92U7 
Keywords Highmont,  geochemical  anomalies,  soil  profiles, 
podzol,  ice  flow,  hydromorphic  dispersion. 

southern part of  the  Highland Valley porphyry  copper  dis- 
The  Highmont  copper-molybdenum  deposits  are in the 

trict.  Soil  geochemistry  survey  data show  the effect  of me- 
chanical  down-ice  movement  of  mineralized  rock 
fragments by glacial action.  The  occurrence  of  mineralized 
rock fragments in the  glacial  till  suggests  that  the  original 
mode of  secondary dispersion  was  mechanical  by  means  of 
glacial  scouring.  Much  of  the fine-grained fraction of the till 
is, however, probably  relatively  near  to its point of origin. 
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Based on comparisons  between  nine freely and imperfectly 
drained  soil profiles, hydromorphic dispersion followed by 
organic chelation and accumulation is operative at the pre- 

original till anomaly. 
sent time and this  produces considerable distortion of the 

36. Horsnail,  R.F.  and Elliott, 1.L. (1971): Some Ehvironmental 
Influences on the  Secondary Dispersion of Molybdenum 
and Copper in  Western  Canada; in Geochemical  Explora- 
tion, Canadian Instilute ofMining and Metallurgv, Special 
Volume  11,  pages 166-175. 
Various  Droverties on the West  Coast 
and Cenbaiand Southem  lnterior 

Cu.  Mo NTS 92F. 92H. 
92P, 93E, 93K 

Keywords: Till,  fluvial  gravels, soil geochemistry, soil profiles, 
hydromorphic  dispersion,  analytical  techniques. 

ment ofBritish  Columbia and their influences on the secon- 
Certain broad variations in the geochemical environ- 

dary dispersion of molybdenum and copper, are described. 

exploration tool for molybdenum andcopper mineralization 
Some complicating factors in the use of geochemistry as  an 

are outlined. Three environments, controlled by topography 
and  climate,  are  considered:  strong relief, high  rainfall, 
podzolic soils; subdued relief, moderate rainfal.1, interrupted 
drainage, waterlogged organic-rich overburden; and mod- 
erate relief, low rainfall, caliche accumulations in overbur- 
den.  Some  areas  of  waterlogged  overburden  show 

water, made  acid by the  oxidation  of pyrite,  enters the 
accumulations of copper  in organic topsoils where ground- 

swamp. To a lesser degree, enhancement of molybdenum is 
also apparent. Accumulation of molybdenum, with  some 
tungsten but  not accompanied by copper, is observed in ar- 
eas  where  swamps  are underlain by weakly alkaline clay. In 
neither case  is  any accumulation of iron, manganese, cobalt, 
nickel, lead or zinc apparent. These studies illustrate some 
effects ofthe ionic potentials and Eh-pH conditions ofaque- 
ous dispersion  media  on  trace  element  migration.  Acid 
groundwater, particularly in  the vicinity of oxidizing pyrite, 
promotes the mobility of copper, whereas molybdenum is 
mobile under weakly alkaline conditions. 
37. Hombrook, E.H.W. (1970): Biogeochemical Prospecting for 

Molybdenum in West-central  British Columbia; Geologi- 
cal Survey of Canada, Paper 68-56. 
Lucky Ship molybdenum  deposit 

Mo  NTS 93L/3,93L/4 
Keywork Lucky  Ship,  biogeochemistry, soil geochemistry, 
podzols,  overburden,  seismic  surveys. 
A biogeochemical prospecting program was conducted 

during  the  summer of  1967  at a molybdenum prospect to 

elements  in  plant  organs  and soils, and to evaluate the effec- 
determine the distribution of molybdenum and associated 

tiveness of plant prospecting techniques  for detecting this 
and  similar deposits. New  and modified methods forthe col- 
lection and  preparation of soil and vegetation samples and 
the  spectographic  analysis of organic  material  in mobile 
trailer  laboratories  (separately  developed  during  earlier 
work)  were  simultaneously used under field operating con- 
ditions. A sample grid of 144 stations was established over 
the  deposit  and  the  following  materials  were collected 
where  possible at each station: B-horizon, Ah-horizon, bark 

(collected  at  breast  height,  140  centinletre::  from  the 
ground), second year  twigs  and needles. Alpin,: fir, Abies 

Pinus contorfa, at  60 stations. Shallow  seismic  detennina- 
lasiocarpa, was sampled at  all stations and  lodg?pole pine, 

tions of the depth and  nature of  surfcial material were car- 
ried  out  simultaneously  with  the  geochemical surveys. 
Organic samples  were  analyzed spectographica!,ly for bar- 
ium, strontium, manganese, titanium, silver, chromium and 
cobalt, and  soil  and  vegetation  samples  were amlyzed col- 
orimetrically at the Geological Survey of Canada, Ottawa 
for molybdenum, copper, zinc, lead and nickel. An exami- 
nation ofthe results ofthe plant  prospecting program shows 
the plant analysisprovides a substantially increasedcontrast 
of anomalous to background molybdenum conc,entrations, 
an increased ground-surface areal extent of the, molybde- 
num  anomaly  and a more  definite  demarca\ion  of  its 
boundaries as compared to  soil analysis. 
38. Hombrook,  E.H.W.  (1970): BiogeochemicrllPro!;pecting for 

Copper in West-central  British Columbia; GeologicalSur- 
vey of Canada, Paper 69-49. 
Huckleberry Mountain property  Cu, Mo $TS 93E/ll 
Keywordr: Huckleberry  Mountain,  biogeochemisry,  podzols, 
soil  geochemistry,  overburden,  seismic  surveys. 

A biogeochemical prospecting program wasconducted 
during the late summer of 1967  at a copper-molybdenum 

num and associated elements in plant organs and soils and 
deposit, to determine the distribution of copper, molybde- 

to evaluate the effectiveness ofplant prospecting techniques 
for detecting this and other similar deposits. New modified 
methods for the collection and preparation for  soil  and vege- 
tation  samples  and  the  spectographic analysis of organic 
material in mobile laboratories (separately developed dur- 
ing earlier work), were simultaneously used during field op- 
erations. A sample grid of  96 stations was  estabished over 
the  deposit  and  the  following  materials were collected 
where possible at  each station: B-horizon, Ah-ho,rizon, bark 
(collected  at  breast  height,  140  centimetrer  from  the 
ground), second year  twigs  and needles. !Shallow seismic 
determinations of the depth  and nature of suriicial material 
were carried out simultaneously with the geochcmical sur- 
veys. A significant conclusion is that biogeochemical twig 
and needle results are equally as effective as  soil geoctlemi- 
cal results in detecting mineralized zones. 
39. Kampala, G.J. (1972): Trace  Elements in Soils rlnd Stream 

Sediments from the  Nechako  Range, Central  British  Co- 
lumbia; unpublished  B.Sc.  thesis, The Universiiy ofBritish 
Columbia. 
Nechako  Range  Ba,  SI, Ph, Ni, !Mn 
Keywork Nechako  Range,  soil  geochemistry, ~trearn sedi- 
ment  geochemistry,  threshold  values,  statistical  analysis. 

A geochemical exploration program designc:d to  detect 
the absence or presence of  usehl geochemical trends was 
carried out on the Nechako Range. About 120 :mmples of 
soils  and  stream sediments were collected and analyzed for 

nickel and manganese by emission spectroscopy. The re- 
copper and zinc  by  atomic absorption, and :for ba'rium, lead, 

sults  were  analyzed  statistically  to  determine the back- 
ground and threshold values.  The program failed to produce 
definite geochemical patterns which  could be rehted  to me- 
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tallic mineralization, but  it helped establish the background 
and threshold values  for  the area. 
40. Kerr, D.E. and Bobrowsky, P.T. (1991): Quaternary Geology 

and Drift  Exploration at Mount Milligan and Johnny 
Mountain, British Columbia; in Exploration in British Co- 
lumbia 1990, Part B, B.C. Ministry ofEnergx Mines andi'e- 
lroleum Resources, pages  135-152. 
Mount  Milligan,  Johnny  Mountain 

Cu, Au, Ag NTS 93NllE, 
93014W and 104BI6E. 7W, 

IOW, 11E 
Keywordr: Mount  Milligan,  Johnny  Mountain  glacier, drift 
exploration,  till,  glaciofluvial  sediments, boulder trains,  dis- 
persal trains. 

consist predominantly of diamictons in the form of a till 
The surfcial deposits of the Mount Milligan property 

blanketwhichvariesinthicknessfrom0.5toover30metres. 
A belt of glaciofluvial sand and gravel is  confined  to  the 
Heidi  Lake valley, but  fans  out  to  the  east  over  the  MBX 

the  hills  north  and  south of Heidi Lake. Drill-hole logs in- 
stock. Colluvium derived from till and bedrock dominates 

dicate a complex stratigraphic record which  changes later- 
ally Over short  distances.  Regional  ice-flow  was to the 
northeast as indicated by striae and drumlins. Pebble counts 
in till reflect local lithologies. Soil geochemical anomalies 
are classified into three patterns: amorphous-shaped in col- 

wash and  linear in till. 
luvium, discontinuous or fan-shaped in glaciofluvial out- 

The retreat of Johnny  Mountain  Glacier  over  the last 

mineralized boulder train  over  350  metres long. A strongly 
100 years or so has led to  the exposure of a well-defined 

developed linear  soil geochemical anomaly 0.9 kilometre 
long  associated  with  the boulder train, together  with  smaller 
soil  anomalies related to the  Camp Glacier, are evident in 
till deposited by  these glaciers. The orientation of the geo- 
chemical anomalies  within  the glaciated basins  is parallel to 
the direction of local ice-flow (NW) as determined by striae. 
The  linear  distribution of mineralized clasts  on the glacier 
surface and beyond the ice frnnt, as  well  as their distribution 
as defined by ice trenching, suggest a local  origin  for  the 
float. Glacier  mechanics and the presence of debris  bands 

point to local erosion of mineralized bedrock  as a probable 
and  shear  planes  in areas  where  float  was observed also 

source. On the flats, away from the  glacier terminus, re- 
gional  ice-flow is to the  southwest.  Here,  geochemical 
anomalies are  discontinuous as a result of a complex glacial 
history of multiple ice-flow directions. 
41.Kerr,D.E., Sibbick, S.J.andBelik,G.D. (1993): Preliminary 

Results of Glncial Dispersion Studies on the  Gnlaxy Prop- 
erty,  Kamloops, B.C. ; in Geological  Fieldwork 1992, Grant, 

and Petroleum Resources, pages  439-443. 
B. and  Newell,  J.M.,  Editors, B.C. Minislry o f E n e w ,  Mines 

Galaxy  property  Cu,  Au NTS 92U9 
Keywords: Galaxy, porphyry deposit,  drift  exploration, surfi- 
cia1 geology, till, soil geochemistry,  geochemical  dispersion, 
biogeochemistry. 

exploration survey  on  the Galaxy porphyry copper-gold de- 
This paper  describes the preliminary results of a drift 

posit, located 5 kilometres southwest of Kamloops. Drift 
sampling in the Galaxy area  documents regional patterns of 

geochemical  and lithological dispersion in till  within  arid 
regions of the Interior; it  also  aids  in  the determination of 
regional sampling  densities  and  rates of anomaly decay in 

ternary glacial history and  overburden stratigraphy make  the 
areas of high mineral potential. The  relatively  simple Qua- 

Galaxy site amenable  to  this  type of study. 

rizon (till) and lowest  in  the A-horizon, possibly due  to di- 
Soil copper  contents  are generally highest  in  the C-ho- 

lution of metal contents in the  upper  soil  horizons  by the 
addition of loess. Preliminary  results  indicate  the  existence 
of a strongly anomalous, ribbon-shaped dispersion  train  ex- 
tending  for up to 1 kilometre down-ice from the deposit. 
Copper concentrations about  1500  metres  from the deposit 
average  136  ppm copper, suggesting that a significant (100 
ppm) anomaly  may extend for a greater distance. Ash from 
the stems, leaves  and  flowers  ofrabbitbush (Chrysothamnus 
nauseous), collected and  analyzed by  ICP, yielded higher 
copper  contents  than  corresponding  soils  at  eight of eleven 
sites, but  show no consistent trend with  distance from the 
deposit.  Rabbitbush  was  also  found  to  contain  higher  mean 
concentrations of boron, calcium, lead, magnesium, mnlyb- 
denum,  strontium  and zinc. 
42. Kerr, D.E., Sibbick, S.J. and  Jackaman, W. (1992): Till Geo- 

chemistry of the Quatsino Map Area; B.C. Ministry ofEn- 
e w ,  Mines andPetroleum Resources, Open  File 1992-21. 

Keywordx Till , soil  geochemistry,  Quatsino,  Island  Copper, 
Quatsino Multi-elements 92L/12 

ice  flow. 

This  open  file  package  presents  the analytical results of 

the North Island copper belt on northern Vancouver Island. 
a drift  exploration project in the  Quatsino  area, centred Over 

The -63-micron fraction of till  samples  were analyzed by 

pled plasma (ICP) methods. Data for 42 elements  are in- 
instrumental neutron  activation (INA) and inductively cou- 

cluded on 56 separate  maps.  The  report  includes a brief 
description of the surficial  and  bedrock  geology and the 
Quaternary history of the area  as well as  the  results of a 
geochemical  orientation  survey conducted around the Is- 
land Copper mine to  provide  analytical guidelines. Page- 
size  maps  of  surficial  and  bedrock  geology,  ice-flow 
directions, sample reliability and a sample  number mylar 
overlay are provided. A 1:50 000-scale sample location map 
and digital data  file  are  also included. 
43. Kimura, E.T., Bysouth,  G.D.  and  Drummond, A.D. (1976): 

Endako; in Porphyry  Deposits of the  Canadian  Cordillera, 

and M e l o l l u ~ ,  Special  Volume  15,  pages 444454. 
Sutherland  Brown, A,, Editor, Canadian Instihrle ofMining 

Endako deposit M O  NTS 93W3E 
Keywordx Endako, soil geochemistry,  mineralized  float,  over- 
burden, drift, mechanical  dispersion. 

This paper reports mainly on the  geology of the  Endako 
molybdenum deposit  but  some  relevant  comments on soil 
geochemistry and a map  are  also provided. The  deposit is 
160 kilometres west of Prince George. It  was discovered in 
1927 by follow-up prospecting of mineralized float. An ex- 
tensive and  well defined molybdenum geochemical annm- 
aly, outlined frnm a soil-sampling grid, is overprinted on the 
Endako  ore deposit. Regional background is 2 ppm molyb- 
denum.  Comparatively  high  values  were  present directly 
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Ministry o f f i n e m ,  Mines and Petroleum Resources 

over the orebody and  a long train of anomalous values ex- 
tends eastward for 5 kilometres. The trend of the anomaly 
has  been directly influenced by eastward glacial movement. 

delimits the anomaly in a southerly direction. Highest geo- 
The  topographic  trace of the South Boundary fault sharply 

where  overburden  depth  is relatively shallow (0.5 to 3 m). 
chemical values  across  the orehody are located over areas 

The glacial boulder-clay drift over other parts ofthe orebody 
averages  about 10 metres  and is locally in excess of  25 me- 
tres thick. Anomalous  values  over these deeper areas are 
assumed to have resulted from mechanical transport and dis- 
persion. Essentially no molybdenum mineralization under- 
lies the  easterly  trend  of  the  anomaly.  Isolated  spotty 
anomaliesoccurinareas 1.5to5kilometresnorthandnorth- 
east ofthe Endako orebody. Sources  for these armmalies are 
attributed to local  widely  scattered  molybdenite  occur- 
rences. 
44.Knauer,J.D.(1975):BeUCopper~ewman),BritishColum- 

hia; in Conceptual  Models in Exploration  Geochcmistry, Jour- 
nal of Geochemical  Exploration,  Volume  4,  Number 1, pages 
53-56. 
Bell  Copper  (Newman)  deposit Cu NTS 93L116 
Keywords: Bell  Copper,  till,  glaciolacushine, soil geochemis- 
try, hydromorphic  dispersion,  stream  sediment  geochemistry. 

TheBellCopperorebody,onNewmanPeninsulaonthe 
east  side of Babine Lake, is associated with  a small Tertiary 
biotite feldspar porphyry plug. The  overburdenovertheore- 
body is approximately 1.5 metres deep on the northwest to 
12 metres  deep towards the southeast. Initial soil sampling 

HC1 extractable copper, immediately west and south of the 
indicated several anomalous  values  with up to 500 ppm cold 

ore deposit. Sixteen  soil profiles also gave  a  few  high  values 
(maximum 1600  ppm  copper) slightly downslope from  the 
orebody. Profile  results from the orientation survey indicate 
an absence of any  anomaly  at  surface directly over the ore- 
body, due  to  the  masking effect of the transported glacial 
overburden.  Samples collected from till within a  few centi- 
metres of  the weathered  bedrock are, however, strongly 
anomalous. 
45. Lett, R.E.W. and Fletcher, W.K. (1978): The Secondary Dis- 

persion of Trsnsitiou  Metals  Through a Copper-rich 
HillslopeBogiutheCascadeMountains,BritiahColumbia, 

enth  International  Geochemical  Exploration  Symposium, 
Canada; in GeochemicalExploration,  ProceedingsoftheSev- 

pages  103-115. 
Whipsaw  Creek  Cu,  Co, Ni, Zn NTS  92W10 
Keywords: Whipsaw  Creek,  organic soils, lodgement till, soil 
geochemistry,  hydromorphic  dispersion. 

Copper, cobalt, iron, zinc, nickel, manganese and or- 
ganic  carbon  have  been studied in  a small hillside bog close 
to  aknowncopper occurrence in the foothills ofthe Cascade 
Mountains, British Columbia. The bog is underlain by gla- 
cial till that almost completely  covers the contact  zone he- 
tween  copper-mineralized  volcanic  rocks  and  porphyry 
dikes. Soils with more than 16%organic  carbonare enriched 
in copper, cobalt, nickel and zinc. Metal  ahundances gener- 

cumulations  exceed 3 metres thickness. Contents of these 
ally increase with depth, especially where organic soil ac- 

metals fall sharply in the underlying till except  in  the north- 

westcomerofthebogwherethetillcontains;norerhanlOOO 
ppm copper. Iron  and  manganese contents, however, are 
generally greater  in the till  than  in organic soil. Subsurface 

but lower copper  contents  than  surface  watels. M&l distri- 
bog  waters have higher iron, manganese and organ-.c carbon, 

bution patterns in organic soils  suggest that the netals are 
mostly present  as  humate complexes. The presence: ofpyrite 
concretions and copper  sulphide grains, howevm, is evi- 
dence that some of the  metal  occurs  as sulphides. Grains of 
chalcopyrite, covellite and native copper an: present in the 
western part of the hog where copper-rich ground 'vater dis- 
charges from concealed bedrock. 
46. Levinson, A.A., Bland,  C.J.  and  Dean, J.R. (1984): Uranium 

Series  Disequilibrium in Young Surficial 1JraniL.m  Depos- 
its in Southern  British Columbia; Canadian Journul of 
Earfh Sciences, Volume 21,  pages  559-566. 
North  Wow  Flats. 
Covert  Basin, Prairie Flats 

Ra, Pb 
U, Th,  NTS 821Y4, 82E/5, 

82El12 
Kpywords: North Wow Flats,  Covert  Basin, I?rairie Flats, SUT- 

tio. 
ficial uranium deposits,  hydromorphic dispersion, ,xtivity ra- 

The  deposits formed from groundwaters that leached 
labile uranium from intermediate to felsic ignecos rocks. 
Two accumulation mechanisms concentrate the uranium: 
evaporation and adsorption onto  organic matter. The ura- 
nium content and activities ofthe various daughter nuclides 
are highly variable within  and  between  the  various deposits 

the accumulation processes. In the evaporative process the 
studied. Some of the  variations can  be explained i1 terms of 

highest  value of uranium  and  daughter  nuclid<:s will be 
found at the surface, whereas  in those deposits  in which ad- 
sorption  is  the  dominant  mechanism ther;e nuclides  are 
found in association with buried organic matter. Under these 
circumstances,  accumulations  will be intiuenc,:d by the 
flow of groundwater from different sources  and  al,$o depend 
on whether  daughter  nuclides  remain  immob'.le  or  are 
leached after formation. 
47. Levinson, A.A. and  Carter,N.C.  (1979):  Glacial  Oi/erbuKden 

Profile  Sampling for Porphyry  Copper  Erjtlorsfion: 
Babine Lake Area, British Columbia; We:vern I,&ner, Vol- 
ume 52, Number 5, pages  19-32. 
Old  Fort  prospect, 
Bell  Copper  and 
Granisle  Copper  deposits Cu, Zn, NTS  !13L/16  and 

Mo 93W1 
Keywords: Old Fort, Bell  Copper,  Granisle  C:)pper, till, 
glaciolacustrine,  dispersal  trains,  hydromorphic  diipersion. 
Profile  samples of  glacial overburden, obtained from 

were analyzed for base metals and  other geochemical and 
14  locations  in  the  Bahine  Lake  area,  British Columbia, 

mineralogical parameters in order to determine *+e value of 
glacial till for  exploration purposes. The results show p a t  
variability in the  trace  element  content  and  othw features 
within  the profiles. Most of the dispersion i s  con'sidered to 
be mechanical and  a  'total extraction' procedure#should be 
used. Because of the complexity of the glacial deposits and 
dispersion in  this  area,  the interpretation ofthe gehchemical 

tential in central British Columbia should not  be  diminated 
data  is difficult. Accordingly, possible areas of mineraX po- 
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British Columbia 

from consideration solely on the basis of geochemical data 
obtained from glacial overburden. 
48. McDougall, J.J.  (1976): Catface; in Porphyry  Deposits ofthe 

Canadian  Cordillera,  Sutherland  Brown, A,, Editor, Canadion 
Institute ofMining and Metallurgy, Special  Volume  15, pages 
299-3 10. 
Catface Cu, Mo  NTS  9215W 
Keywards: Catface,  porphyry  deposit,  soil  geochemistry,  silt 
geochemistry,  copper-moss,  dispersal  trains. 
This paper  reports  mainly on the geology of the  Catface 

deposit, but  some  relevant  comments on geochemistry are 
also provided. This porphyry copper-molybdenum  deposit 
is located 13 kilometres  northwest of Tofino on the west 
coast of Vancouver Island on a heavily treed peninsula, 4 to 

temperate climate  and high relief, has  been erratic, control- 
8 kilometres wide. Oxidation of the deposit, under a wet 

ledchieflybyfaultzoneswithresultingirrcgularandlimited 
secondary  enrichment.  The  deposit  is  detectable by geo- 
chemical and  some  geophysical methods, particularly self 
potential. The first  soil  and silt geochemical  surveys on 
CatfacePeninsulausedruheanic acidmethods.  Results from 
these surveys  were  later substantiated by atomic  absorption 
techniques. Copper  concentration  in soils over and around 

modal range of 150 to 250 ppm. The  average  pH ofthe soils, 
mineralized outcrops ranges from 10 to 1000 ppm, with a 

which are  subject to an average of 380 centimetres of rain- 
fall per year, ranges from 4.0 to 4.5. "Copper-moss", a dis- 
tinctive  red  algae  identified  as frenfopohlia-iolifhus and 
used as a prospecting guide  because of its association with 

rock surfaces  in  the area. 
copper  (content up  to 200 ppb) or sulphur, is  present on some 

49. Mehrtens,  M.B.  (1975): Chutanli Mo  Deposit, British Co- 

Journal of Geochemicol Exploration, Volume 4, Number 1, 
lumbia; in Concephlal  Models in Exploration Geochemisv, 

pages  63-65. 
Chutanli  Mo  prospect Mo NTS  93F17 
KeywordxChutanli,  soil  geochemistry,  till,  stream  sediment 
geochemistry,  hydromorphic  dispersion,  ice  flow. 

sixfold anomaly  to threshold contrast is developed immedi- 
An extensive soil  anomaly characterized by an  up  to 

ately over the mineralized bedrock and spreads  for 2000 
metres in the direction of ice transport (which  is opposed to 
that of the drainage). This anomaly is interpreted to have 

ately  downslope of the  bedrock  metal  source,  intensely 
formed by mechanical  (ice) dispersion processes. Immedi- 

anomalous molybdenum values  are  detectable  in the over- 
burden having a maximum anomaly  to threshold contrast of 
forty-eight fold. The  mode of occurrence of these intensely 
anomalous molybdenum values is indicative ofa  hydromor- 
phic origin. 
50. Mehrtens,  M.B.,  Tooms, J.S. and  Troup,  A.G.  (1973):  Some 

Aspects of Geochemical  Dispersion  From  Base-metal  Min- 
eralization within Glaciated Terrain in Norway, North 
Wales and British Columbia, Canada; in Geochemical Ex- 
ploration - 1972, Jones, M.J., Editor, Thelnsfitution ofMining 
andMetollurgy,pages 105-115. 
Central  Interior  of  B.C.  Ma 
Keywork  Soil  geochemistry, till, dispersal  trains,  hydromor- 
phic  dispersion,  lake  sediment  surveys,  stream  sediment geo- 
chemistry. 

This  paper  presents  some results of geochemical re- 
search and exploration  in glaciated terrain  over  and  in the 
vicinity  of  base  metal  mineralization  in  Norway, North 
Wales and  the  central  Interior of British Columbia. These 

topography of rolling  hills  and broad U-shaped valleys. The 
study areas are  characterized by siliceous  overburden  and a 

climates of the regions however, arc  somewhat dissimilar, 
varying  from  cold  and dry to  temperate  and wet. The results 
of the investigations  show that ore elements  are dispersed 
from  their  bedrock  source  beneath glacial till, dominantly 
in  shallow  groundwaters and, to a lesser extent, by mechani- 
cal (ice) transport and biochemical processes. 

It  is concluded that  secondary  metal dispersion patterns 
related to  sulphide mineralization in these  and  similar envi- 
ronments  may  be readily detected on a broad regional scale 

curs  in  lakes as, for example, the  central Interior of British 
by sampling groundwater seepage sites. Where  seepage oc- 

Columbia, the  existence of bedrock mineralization in  the 
general vicinity ofthe lakes can  be detected by  sampling  the 
organic-rich bottom sediments in the  deeper  parts of these 
lakes. Interpretation of these  seepage anomalies, as well as 
of anomalies  which  may  occur  as a result of seepage in 
streams or rivers, is  dependent on an assessment of ground- 
water  dispersion trains. 
51.Meyer,W.,Gale,R.E.andRan&ll,A.W.(1976):O.K.;inPor- 

phyry Deposits ofthe Canadian Cordillera, Sutherland Brown, 
A,, Editor, Canadion Institute of Mining and Metallurgv, SF- 
cialVolume  15,pages311-316. 
O.K. property cu NTS  92W2E 
Keywork  O.K., till,  glacial  striae,  roche  moutonnie, geo- 
chemistry,  geophysics. 
This  paper  reports  mainly on the  geology of the O.K. 

deposit, but  some  relevant  comments on geochemical sur- 
veys in the area  are  also provided. The O.K. property, situ- 
ated near Powell  River,  was  discovered in 1965 by a 
prospector using a rubianic  acid field kit. Since  that time, 
six companies  have  spent  approximately $1 000 000 carry- 
ing out preliminary technical surveys  and  diamond  drilling 
on the property. Approximately 85% of the  area  is  covered 
by a thin layer of glacial till. Glacial striae and  roche moun- 
tonnie are  oriented southerly. Geochemical  surveys  forcop- 
per  and molybdenum were carried out on grids  ranging from 
35 x 130 to 70 x 260 metres. The  major  anomalies  lie gen- 

per in  soil  reached a peak  value of 12 000 ppm. Two small 
erallywithintheO.l%coppertrendlinesinthedeposit.Cop- 

anomalies of greater than 500 ppm  copper  in  the  area are 
not  near known bedrockmineralization.  At least one  ofthese 
anomalies  is related to drainage. 
52. Miller,  D.C.  (1976): Maggie; in Porphyry  Deposits ofthe Ca- 

nadian  Cordillera,  Sutherland  Brown, A., Editor, Canadian In- 
sfitute of Mining and Mefallurgv, Special  Volume 15, pages 
329-335. 
Maggie  deposit Cu, Mo  NTS 91Y14W 
Keywork  Maggie, gossan, till,  glaciation,  alluvium,  porphyry 
deposit,  weathering. 

porphyry copper-molybdenum deposit, but  some  relevant 
This  paper  reports  mainly on the geology ofthe Maggie 

comments on weathering  and  glaciation are also provided. 
The deposit, located about 15 kilometres north of  Cache 
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Creek, was discovered in 1970 by percussion and diamond 

of drift  cover near the  centre of the  deposit varies from ap- 
drilling of a till  and alluvium-covered area. The thickness 

proximately 30 to 110 metres. Outcrops bordering the cov- 
ered area contain anomalous  copper  values associated with 
strong  pyrite  mineralization and hydrothermal alteration. 

the oxidation of the pyritic halo. In addition to pyrite, this 
Surrounding  the deposit, extensive gossans developed from 

gossan  contains an average of 300 ppm copper. Weathering 
leached most of the sulphides from the  gossan  zones  to a 
depth of about 2 metres and copper  values in leached rock 
are  about half of those obtained in rock below the zone of 
weathering. 

possibly unroofed by glaciation and subsequently covered 
In Quaternary time, the Maggie deposit was eroded and 

by thick deposits of till  and alluvium. Over  the deposit, the 
oxidized zone  was destroyed by the ice and the thick glacial 
mantle effectively prevented further oxidation. There is no 
zone of supergene enrichment above the deposit. The de- 
posit is  also partially obscured by a small landslide that oc- 
curred along the east  side of the Bonaparte River valley in 
the  latter  part of the Q u a t e r n q  period. 
53. Montgomery, J.H., Cochrane, D.R. and Sinclair, A.J. (1975): 

Discovery and Exploration of Ashnola Porphyry Copper 
Deposit near Keremeos, B.C.: A Geochemieal  Case  His- 
tory; in Geochemical  Exploration  1974,  Fletcher,  W.K.  and 
Elliott, I., Editors, Elsevier, Amsterdam,  pages 85-100. 
Ashnola copper prospect  Cu,  Ma  NTS 92W1W 
Keywordr: Ashnola  porphyry  copper,  stream  sediment  geo- 

probability  graphs. 
chemistry,  soil  geochemistry,  biogeochemisby, LP. surveys, 

pect,  was  discovered by regional stream sediment sampling. 
The  Ashnola property, a typical porphyry copper pros- 

Subsequent  geochemical studies included additional stream 

geochemical  sampling  and rock sampling. The results ofthe 
sediment sampling, soil  sampling o f A  and B-horizons, bio- 

geochemical studies are compared to  geology and geophysi- 
cal  expression of the deposit. Important results of the study 
are: (1) B-horizon copper  and molybdenum provide a sound 
basis for a soil  geochemical survey in the general area ofthe 

populations  with  geological features including those of eco- 
Ashnola  prospect  because of close correlation of their sub- 

nomic importance; (2) A-horizon zinc  is  more useful than 
B-horizon zinc  but neither appears necessary in this particu- 
lar case; (3) biogeochemical analyses  for  copper  and  zinc 
correlate best  with A-horizon soil analyses; (4.) zinc  is con- 
centrated preferentially relative  to  copper  in  the  vegetation 
analyzed. The  zindcopper ratio in A-horizon soils is about 
2/1, whereas  the  ratio in ash of lodgepole pine needles is 

estimated  from partitioned probability plots o:Fall variables 
lO/l;and(5)themethodofdataanalysisutilizingthresholds 

aided the  interpretation immeasurably and  appears a useful 
general procedure in the routine analysis of geochemical 
survey data. 
54.Ney,C.S.,Anderson, J.M. andPante1eyev.A.  (1972):  Diseov- 

ery,  Geologic Setting  and Style of Mineralization, Sam 
Goosly  Deposit, B.C.; Canadian InslitUte of Mining ond Mef- 
allurgv, Bulletin, Volume 65, pages 53-64. 
Sam  Goosly  deposit (Equity Silver  mine) 

Cu, Ag NTS 93W1 

Keywork Sam  Goosly, soil  geochemistry, : s t r e a m  sediments, 
ice hamport, 1.P. surveys, EM surveys. 

chemical reconnaissance. Mineralization is in a window of 
The Sam Goosly prospect was discovered through geo- 

rocks thought to be Hazelton Group, surrounded by Tertiary 
volcanic  rocks  and  intruded  by  two stoclts separated  by 
a b u t  1600 metres. Soil  sampling interpreted with respect 
to  an east-to-west ice movement led  to drilliu1gtaq3ets; silver 
soil  anomalies  were  not related to the underlying bedrock 
as they occurred in glacially transported material. The cbar- 
acteristics of some local outcrops  and an aisphot3 interpre- 
tation ofthe area confirmed the ice-transport dueztion from 
the east-northeast to west-southwest. It  was conc,luded that 
the silver anomalies  were  for the most part ice-t'ansported 
from a source  area lying to  the northeast of the qllartz mon- 
zonite and subsequent drilling  was succes:sful in outli.ning 
the mineralized zone. A very close corresponden:e was ob- 
tained between the up-ice cut-off in  soil sample .ralue!; and 
the projected surface trace of mineralization. 
55.Nichol,1.andBjorklund,A.(1973):GlacinlCeologyas11Key 

to Geochemical Exploration in Areas of Glacial Overbur- 

chernicalExplorotion, Volume 2,Number 2, pager 133-170. 
den  with  Parh'cular  Reference to Cnnsds; Journal ofCeo- 

Whipsaw  Creek  property Cu, Mo NTS  92W7 
Keywordr: Whipsaw  Creek, soil geoche:mistr);  dispersal 
trains, till, geophysics,  hydromorphic  dispersion. 

anomalous copper  trains  are associated with drainage sedi- 
In the Princeton area of British Columbia, extensive 

ments in  certain organic-rich headwater catchment areas. 
Conventional geochemical follow-up procedure!; defined a 
broad anomalous  zone  in the organic-rich overburden but 
failed to  define a focus  for further examination. G4:ophysical 
methods indicated the presence of conductors i+ the area, 
suggesting that the geochemical anomaly  in th,: drainage 
was not  due to accumulation ofmetal from backg::ound con- 
centrations or mineralization  remote  from tht,: drainage 
channel. Sampling of the till  below the thick opganic-rich 
surface material revealed  the  presence of cliscreie sulphide 
grains  indicative of mechanical disper!iion. Localized 
anomalous zones of sulphide-held copper  and s~llphur cor- 
respond withmineralizationrevealed  by drilling. I lnthis way 
it has been possible  to identify focal points of  inwest related 
to glacial dispersion within broad anomalous zr'nes attrib- 
uted to post-Quaternary hydromorphic dispersion. 
56.Okon,E.E. (1974): Overburden ProfiieStadiesin Glaciated 

Terrain as an Aid to Geochemical Exploratitn for Base 
Metals in the Babine Lake Area, B.C.;  unpublished  M.Sc. 
thesis, University ofcalgay, Alberta. 
Babine  Lake  area 
Keywork Babine  Lake,  till,  glaciolacustrine, soil geochem- 

Cu, Zn, bo, Fe:, Mn 

istry,  mechanical  dispersion,  hydromorphic  dispe sion 

Deposits of glacial drift  from  the  Babme Like area of 
north-central  British  Columbia,  consisting of both non- 
stratified  till  and  stratified  drift (specifically glaciolacus- 
trine sediments), were analyzed  and  studied  by  various 
techniques in order to determine how  these overljurden ma- 
terials may be used in geochemical exploratiol). Selected 
samples were  analyzed  for copper, zinc, molybd,enum, iron 
and manganese. Cation  exchange capacities, orl:anic carb- 
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on, pH, particle  size  distributions  and  other  studies  were 
made on representative samples. The  results ofthese studies 
show  that the concentrations  of copper, zinc  and  molybde- 
num vary  not  only  with  depth  in the overburden  profile, but 
also with the location  of  the  profile  relative to the  zones  of 
known copper  mineralization.  Mechanical  dispersion of the 
base metals within sulphide  grains in the  overburden  is  of 
greater  significance  than  hydromorphic  dispersion  at this 
location. 
57.  Peattield, G.R. and  Armstrong,  A.T.  (1980): The Red-Chris 

Porphyry Copper-GoldDeposit,Northwestern British Co- 
lumbia; A Geochemical Case History; in Seventh Intem- 
tional  Geochemical  Exploration  Symposium,  Geochemical 
Exploration  Symposium,  Watterson, J. and  Tbeobald, P.K., 
Editors,  Proceeding 7, pages  479-485. 
Red-Chris  porphyry  copper-gold  deposit 

Cu,Au NTS  104W12 
Keywordx Red-Chris porphyry deposit,  lodgment  till,  alpine 
glacier,  stream  sediment  survey,  soil  geochemistry,  hydromor- 
phic  dispersion. 

results  where  the mineralized pluton is dissected by deep 
Stream sediment  sampling yielded strongly anomalous 

stream gullies, but where  little copper-gold mineralization 
has  been  exposed.  Conventional  surface  soil  sampling 
showed  a  similar pattern, with  high  copper  values  where 

over  more  strongly  mineralized but till-covered  areas. A 
altered bedrock is exposed  and  only very spotty anomalies 

limited program  of hand-auger sampling,  to  a  depth  of  ap- 
proximately 1 metre, gave  results  which  were no better  than 
those gained from  surface  sampling.  Sampling  of till pro- 
files exposed in the  walls  of  bulldozer  trenches  suggests  that 
the till  has  effectively blocked upward  migration  of  metals 
from  the  bedrock  surface.  The  till-bedrock  interface  is  very 

upward  migration  of copper. The  anomaly  patterns  corre- 
sharp  and  there  seems  to  be no more than 30 centimetres  of 

zones.  That  over  the  Main or lower-grade  dispersed  zone  is 
spond  very  well  with  the  outlines  of  the two mineralized 

a large subcircular  anomaly  with  relatively  gentle  sloping 
sides  and the second, over  the narrow, high-grade  East  zone 

anomaly  shows  any  significant  evidence  of lateral migra- 
is  a narrow, very  sharply defined linear anomaly. Neither 

tion. 
58.  Proudfoot, D.N. (1993): Drift Exploration and Snrficial Ge- 

ology of the Clusko River and Toil Mountain  Map  Sheets 

Editors, B.C. Minishy of Energy, Mines and Pefmleum Re- 
; in Geological  Fieldwork  1992, Grant, B. and Newell,  J.M., 

sources, pages 491-498. 
Clusko  River;  Toil  Mountain  NTS 93C/9,16 
Keywordx Clusko  River,  Toil  Mountain,  surficial  geology,  ba- 
sal till,  glaciofluvial  sediments,  striation. 
This  paper mainly describes  the  surficial  geology of the 

Clusko  River  and Toil Mountain  map  areas  (NTS  93C/9 and 
16), but as a consequence  ofthe study, three  major  problems 
for drift  exploration  programs  in the area  are  identified. 
First, there are large areas in the region  that  contain  little or 
no basal till  at the surface. Basal till  is the most  desirable 

glacial sediment types and  it can be most  easily traced to  its 
sediment to  sample as it is  normally the shortest  travelled of 

the  region, basal tills are exposed locally  along  incised melt- 
source. Although  relatively  far-travelled  debris  dominates 

water  channels.  Detailed drift sampling  programs  should 
therefore be devised  to  sample  carefully  along  these chan- 
nels. The  resulting  sample  distribution  will  be  far  less sys- 
tematic but far  more useful. In the  absence  of meltwater 
channels  in  hummocky  topography,  samples  should  be 
taken  between  hummocks  to  a  depth of at least 1 metre. This 
will  be  more  time  consuming  than  typical  sampling pro- 
grams and  will  provide  less  samples for the  same  cost, but 
the  results  should  be  more  effective. Secondly, roads in most 
of the study area  follow  valleys  where  glaciofluvial and flu- 
vial sand  and  gravel  deposits  and  glaciolacustrine  sediments 
are  most  common.  Anomalies in these  second-derivative 
deposits  potentially have had a more  complex  history  of 
transport  from  bedrock  source to fml deposition than tills. 
To overcome this problem, sampling  programs  should  be 

nally, bedrock striation  sites are rare  and large-scale, glacial- 
offset to  adjacent  till-covered  terrain  where  possible. Fi- 

for an interpretation  of  regional  ice-flow but local  variations 
flow features  only  occur in a  few places.  These  data allowed 

urements  must be carried  out  to  determine  local ice-flow 
can  not  be  determined.  Numerous  detailed  till-fabric  meas- 

directions. 
59. Reed,A.J.  and  Jambor, J.L. (1976):  Highmont: Linearzoned 

Copper-Molybdenum  Porphyry Deposits and  their Sig- 
nificance in the Genesis of the Highland Valley Ores; in 
Porphyry Deposits of the  Canadian  Cordillera,  Sutherland 
Brown,  A,,  Editor, Canadian Insfifufe of Mining and M e f d  
lurgy, Special  Volume 15, pages 163-181. 

Highmont  deposits Cu, Mo  NTS  92Y7W 
Keywordx Highmont, Highland Valley, soil geochemistry,  gla- 
cial  transport,  geochemical  anomalies,  glacial  dispersion,  geo- 
physics. 

This  paper  reports  mainly  on  the  geology  of  the  High- 
land Valley property  ofHighmont  Mining  Corporation Ltd., 
but some  relevant  comments on soil geochemistry, with ac- 
companying  maps,  are  also  provided.  The  area  contains 
seven  copper-molybdenum  deposits,  most  of  which  are in 
Skeena  quartz  diorite  of  the  Guichon  Creek  batholith.  The 
largest of the deposits  has  reserves  of 11 1 million tomes of 
ore  grading  0.287%  copper  and 0.042% molybdenite. 

The  results  of  soil  geochemistry  surveys in the  area in- 

portant  locally,  glacial  transport  is  probably  largely 
dicate that, although  saline  dispersion  of  the  metals is im- 

responsible  for  the  development ofthe principal  geochemi- 
cal  anomalies  southeast of the  main  sulphide  deposits. 
Background  levels of  both  copper  and  molybdenum prevail 
in the  northern  part  of  the  property  and  values  increase 
abruptly as the main  sulphide  deposits are approached.  The 

the  high  values  at  the  southeastern  part,  apparently  result 
complex  geochemical  patterns  over  most  of  the  property  and 

from  glacial  dispersion as  well  as  widespread copper-mo- 
lybdenum  mineralization. 

60. Schreier, H. (1976): Chemical Terrain Variability: A Geo- 
morphological Approach Using Numerical and Remote 

sityofBrifish Columbia. 
Sensing  Techniques;  unpublished  Ph.D.  thesis, The Univer- 

Fraser  Valley,  Peace  River 
Ca,  Mg,  Na, K, Si  NTS  92G,  94A 
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Keywords: Fraser  Valley,  PeaceRiver,  geomorplrology,cluster 
analysis,  factor  analysis,  multispectral  remote  sensing,  direct 
digital reflection,  regression  trends. 

The variability of chemical parameters over the land- 
scape was  examined  in  this research. A terrain hierarchy 

veloped in  two  Quaternary  landscapes  in  the Fraser Valley 
based on  genetic geomorphological unit  concepts  was de- 

and between different hierarchical units ranging from ‘site’ 
and in  the  Peace  River area. The relative variablity within 

to ’landform units’ to ‘landform unit types’ was compared. 
Calcium, magnesium, sodium, potassium and silicon were 
found to  be  the  most important differentiating parameters 
for  all units. Site  categories which reflected units of similar 
parent material, form and inferred genesis were determined 
by application of a cluster  analysis  procedure.  The  best 
grouping was obtained  with  the  Peace  River  data where 
more natural conditions prevail. A data  screening through 

unit  type classification in  the Fraser Valley where chemical 
factor analysis prior to the  grouping improved the landform 

conditions are complicated by amorecomplexandintensive 
land-use pattern. Multispectral remote sensing techniques 
werc used to assess  the potential of predicting  chemical 
ground conditions  from spectral measurements. Areas of 
different soil  moisture and carbon content could readily be 
identified and quantified by this means. The sliced colour- 
film image was slightly more useful for analyzing exposed 
soil surfaces, while  the  sliced color-infrared image proved 
to be more useful for the interpretation of vegetated sur- 
faces.  Direct  digital  reflection  measurements  were made 
with a multichannel spectrometer from the  air and on soil 
samples on the ground and in the laboratory. Correlation and 
regression  analysis  revealed that percent carbon, percent 
iron,  exchangeable  magnesium  and  exchangeable  potas- 
sium could be predicted from spectral reflection values. De- 
spite  differences  in  measuring  techniques,  similar 
regression trends were obtained for all three methods and 
the  500  to 1100-nanometre wavelength range was found to 
be the most useful in this analysis. 
61. Seraphim, R.H. and  Rainboth, W. (1976): Poison Mountain; 

in Porphyry Deposits of the Canadian Cordillera, Sutheriand 

lurgy, Special  Volume 15, pages 264-273. 
Brown, A,, Editor, Canadian Institute of Mining  and Metal- 

Poison  Mountain  deposit Cu, Mo  NTS 920DW 
Keywords: PoisonMountain,porphyry  deposit, talus, soilpro- 
files,  stream  sediments,  soil  surveys,  geophysics. 

Mountain porphyry copper-molybdenum deposit, but some 
This paper reports mainly on the geology of the Poison 

relevant comments on soil geochemistry, with an accompa- 
nying map, are  also provided. The  deposit  is located 37 kil- 
ometreswestofBigBarnearClintonandliesat 1700metres 

tres, from 1600  metres elevation at creek level to  2200 me- 
elevation. Relief on the properly is approximately 600 me- 

tres on adjacent mountain summits. Slopes  are moderately 
steep  and rock outcrop is restricted to shoulders along  the 
creeks and ridge crests. Felsenmeer and talus are  abundant 
above timberline, at approximately 2000  metres elevation. 
The B soil horizon, where present, was sampled at  an aver- 
age  depthof0.5 metre at 60-metre (200-foot) intervals along 
lines spaced 250 metres (800 feet) apart. The  area ofknown 

mineralization was broadly outlined by the 200 ppm copper 
contour. 
62. Sibbick, S.J. (1990): The Distribution aud Be:zaviour of 

Plate Mine, Hedley, Southern British Columtia; unpub- 
Gold in Soils in the Vicinity of Cold Mineralization, Nickel 

lished MSc. thesis, The University of Britis,h Cobmbio. 
Nickel  Plate  mine Au, Ag ?ITS 9%H/8 
Keywork Nickel Plate  mine,  soil  geochemistly,  till,  dispersal 
trains,  soil  profiles,  heavy  minerals. 

A gold dispersion train extending from the Nickel Plate 
mine, Hedley, southwest  British  Columbia, WAS investi- 

of gold in soils developed from till. Results indiciite thet the 
gated in order to determine the distribution and behaviour 

creasing with distance from the mine site. Heavy mineral 
gold content of soil profiles increases with depth while de- 

reveal that dilution by a factor of 3.5 occurs wilhin the till 
concentrates and the light mineral fraction gold abundances 

heavy mineral fraction is both diluted and commi,nuted with 
over a distance of 800 metres. However, free !:old in the 

distance. Chemical activity  has  not altered the chnposition 
of gold grains in the  soil profiles. Compositional and mor- 
phological differences between gold grains are not indica- 
tive of glacial transport distance  or location within the soil 
profile. Relative abundances of gold grains hetw8:en sample 
locations can be used as  an indicator o f  proximity to the 
mine site. 
63. Sibbick, S.J. and  Fletcher, W.K. (1993): Distribn1,ion and Be- 

havior of Gold in Soils and Tills at the Nickel Plate Mine, 
Southern British Columbia, Canada; JournalqfGeochemi- 
calE*ploration 1991, Volume 47, pages 183-200. 
Nickel Plate mine Au, Ag NTS Y2H/8 
A’eporh: Nickel  Plate  mine,  soil  geochemistry, !ill, dispersal 
trains,  soil  profiles,  humus. 

micron  blebs  associated  with  arsenopyrite  in garn&py- 
The Nickel Plate deposit, in which gold occ,xs as <25- 

roxene skarns, is in  the subalpine zone  near the southern 
limit of the Thompson Plateau. During the last glaciation 
the Cordilleran ice sheet moved south-southwest across the 
deposit  and deposited a stony basal till. A dispersion train 
with anomalous concentrations of gold in tills ar.d soils now 
extends 2 kilometres down-ice from the deposii. Gold con- 
tents of samples of humus (LFH horizon) and the - 2 1 2 4 -  
cron fraction of mineral soils (A, B and C-hor,zons) were 
determined by instrumental neutron activation.and fire as- 
say - atomic absorption, respectively. 

Despite erratic variability, gold contents ofthe ~ 212- 
micron  fraction  generally  decrease from 200  to 400 ppb 

most  sites there is  also a twofold increase in gold values 
close to the mine site to less than 50 ppb at d i d  sites. At 

gold in the -420 + 212 micron, -212 + 106 mi(:ron, -106 + 
down the soil profile. Within samples, (concentrations of 

53 micron and -53 micron fractions are usually roughly con- 
stant. However, because of its abundance, the -53 micron 
fraction contains more than 70% of the gold. Amenability 
of gold in  this  fraction to cyanidation suggefits that  it is 
largely free. For size fractions less than 52 microns the con- 
tribution of the heavy mineral (SG3.3) fraction to total gold 
content increases with  decreasing grain size. 
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is consistent with  its release from the bedrock or preglacial 
Distribution of gold between size  and density fractions 

regolith by glacial abrasion. Most of the gold was incorpo- 
rated into the fine fractions ofthe till at or close to  the source. 
However, differences between down-ice dilution ratios  for 
gold in  different heavy mineral size-fractions suggest that 
comminution of host minerals continued to transfer gold to 
the finer size  fractions  during glacial transport. 

provide the best anomaly contrast. Estimates of the abun- 
For exploration  purposes, B and C-horizon samples 

dance of gold particles  in different size fractions indicate 
that the nugget effect, which causes erratic gold values in 
the -212 micron fraction, can be avoided by analysis of 30 
grams of -53 micron material. 
64. Sibhick, S.I. and  Gravel, J.L. (1991): Talus-fines Geochem- 

istryofthePeUnireMesothermn1AuVeiuProspect;inGeo- 

PetroleumResources,Paper 1991-1,pages 101-108. 
logical  Fieldwork 1990, B.C. Ministry of E n e w ,  Mines and 

Pellaire  prospect Au NTS  92014E 
Keywords: Pellaire,  soil  geochemistry,  element  dispersion, ta- 

try, cluster  analysis. 
Ius, cirque,  mesothemal gold  vein,  moraine,  lithogeochemis- 

This paper reports on the results of study undertaken to 
demonstrate the geochemical dispersion of talus fines origi- 
natingfrom  amineralizationat the Pellaire prospect, located 

exploration in  alpine regions of extreme relief is  often dif- 
about 150 kilometres southwest of Williams Lake. Mineral 

ficult  and  dangerous due to the inaccessibility of cliff  faces 
or precipitous slopes. These  areas are often characterized by 
thick aprons of postglacial talus mantling the lower slopes 
and concealing the underlying bedrock. Stream sediments 
may prove  inadequate  for reconnaissance follow-up as pri- 
mary drainages in  these areas are  often short in length, fast 
flowing  and  lack  fine-grained  sediment. In this physiog- 
raphic environment, exploration programs frequently rely 
upon exposures of gossans or alteration  halos  as exploration 
guides. However, mineralization does  not  always produce 
visual  clues  to  its  presence;  detection may  result  only 
through the use of geochemical methods. As anaid to tradi- 
tional geochemical techniques, sampling of talus fines (- 

mineralization in steep, mountainous areas. 
177-pn fraction)  is recommended as a method to detect 

either directly upslope or at a slight angle upslope from the 
Anomalies in talus  fmes have a restricted source area, 

sample site. Talus-fines sampling effectively detects miner- 

differentiate between rock-forming elements and those as- 
alized and gossanous bedrock. Use of cluster analysis can 

sociated with mineralization. Base of slope sample spacing 
should be approximately equivalent  to the length ofthe talus 

phy should be  strongly considered when  selecting  sampling 
slope. However, variations in local geology and physiogra- 

densities  and  sample locations. Use of talus-fines sampling 
as a geochemical exploration tool in mountainous terrain 
would be most effective as a follow-up technique for large- 
scale,  stream  sediment  surveys. It would also  serve as a 
quick method to  assess  gossans identified from the air. Iden- 
tification ofanomalous  elements  in talus fines would be fol- 
lowed by detailed sampling  and prospecting upslope from 
the sample site. 

65. Sibbick,  S.J.,  Rebagliati, C.M., Copeland,  D.J. andLett, R.E. 
(1992): Soil Geochemistry ofthe Kemess South Porphyry 

B. and  Newell,  J.M.,  Editors, B.C. Minisny o f E n e w ,  Mines 
Gold-CopperDeposit; in: Geological  Fieldwork  1991,Grant, 

ondPetroleumResaurces, Paper  1992-1,  pages  349-361. 
Kemess South deposit  Au, Cu NTS  94El2E 
Keywords: Kemess,  porphyry  deposit,  supergene  enrichment, 
soil  profiles,  till,  striae,  geochemical  dispersion. 

entation survey conducted at the  Kemess  South porphyry 
This  paper reports on the results of a geochemical ori- 

gold-copper deposit, located 550 kilometres  northwest of 

overlying  soils was studied  to  determine if the geochemical 
Prince George. The  relationship  between  the  deposit and the 

cal) transport. Within the deposit, a blanket of enriched (su- 
anomalies are a result of physical or hydromorphic (chemi- 

pergene) copper mineralization is  overlain in places  by a 
copper-depleted oxidized cap. 

Soil geochemical  response  to the deposit  is strong; con- 
centrations greater than 500 ppm copper  and 150 ppb gold 
directly overlie the deposit  in an area of 800 by 300 metres. 
The principal residence sites for copper  in  soils  and  bedrock 

ondary iron  oxide minerals. Within the  upper leached cap 
in  sample profiles outside the main  supergene  zone  are sec- 

ofthe supergene zone, which has been  exposed to Holocene 
(postglacial) weathering, oxidationofsulphides  has resulted 
in the  development of secondary minerals which retain up- 
wards of 70% of the copper, probably present as native cop- 
per, chalcocite, malachite or adsorbed  onto  clays and iron 
oxides. Hydromorphic transport bas increased the  copper 
content of soils  over mineralized bedrock. The  degree of 
hydromorphic  transport  is  significantly  greater  over the su- 
pergene enriched mne  of the deposit than over  the weath- 
ered hypogene bedrock. 
66. Soregaroli, A.E. (1975a): Brenda Cu-Ma Deposit, British 

try, Journal of Geochemical Exploration, Volume 4,  Number 
Columbia; in Conceptual  Models  in  Exploration  Geochemis- 

I, pages 58-60. 
Brenda  Cu-Mo  deposit  Cu,  Mo  NTS 82E113 
Keywords: Brenda  Cu-Mo  deposit,  soil  geochemistry,  till, flu- 
vial-glacial, s t r e a m  sediments,  ice  flow. 

randa Exploration Company, Limited  defined a large area 
A soil survey of the Brenda property conducted  by No- 

of interest centred on  the  Brenda deposit. Anomalous cop- 
per values (200 ppm) coincided with  the  area of known min- 
eralization.  Molybdenum  values  in  the  soil  showed a 
remarkable coincidence with copper values. The  soil results 
showed  extensions to the  east  and northeast, but are cut  off 
very  sharply on the west. The  cut-offagrees  well  with a rapid 
decrease  in  mineralization in the  bedrock,  but  probably 
more significantly, there is a rapid  increase in the depth of 
overburden  in this area. Southeasterly trends  in  soil  values 
probably are due  to glacial smearing as well as downstream 
migration of metal ions  along  Peachland  and  MacDonald 
creeks. Changes  in  the nature and  depth of overburden have 
also affected the distribution of metal  values  in the soil. 
67. Soregaroli, A.E. (197%): Boss Mountain Mo Deposit,Brit- 

ish Columbia; in Conceptual  Models in Exploration  Geo- 
chemistry, Journal of Geochemical Exploration, Volume 4, 
Number 1, pages  56-58. 
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Boss Mountain Mo deposit Mo  NTS 93N2 
Keywords: Boss  Mountain  Mo  deposit,  till,  stream  sediments, 
soil geochemistry,  dispersal  trains. 

extends  down  Molybdenite Creek for a distance of IO kilo- 
A molybdenum geochemical train in stream sediments 

metres. Molybdenite  Creek  cuts  across  the  main breccia 
zone and stream sediments immediately below this point 
contain  several  hundred  parts  per  million  molybdenum. 
Anomalous molybdenum values  in  soils  define a very large 
target area  that generally coincides  with the distribution of 

with mineralization, hut in general terms the 200-ppm con- 
hydrothermal biotite. Highest soil  values do not correlate 

tour essentially encloses  all known molybdenum ore. Total 
copper  values  in  soils clearly define a northwesterly trend- 

molybdenum zone. 
ing  anomalous  zone that agrees  in  general with the 200-ppm 

68,  Sutherland  Brown, A. (1967): Investigation oflklercury Dis- 
persion  Haloes around Mineral Deposits in Central British 
Columbia; inproceedings,  SymposiumonGeochemical  Pros- 
pecting, GeologicalSunreyofCanada, Paper 66-54, pages 72- 
83. 
Northwest  Group,  Serb  Creek, Hg,  Mo  NTS 1031/9, 
Glacier Gulch, Lucky Ship, 93L/12,93L/14,93L/4, 
Huber  Group,  Owen  Lake, 93L/IO, 93Li2,931</3, 
Endako,  Centennial,  Pinchi, 93K/8,931(/9, 
Takla  Mercury 93NilI 

Keywords: Northwest  Group,  Serb  Creek, Glacier Gulch, 
Lucky Ship, Huber  Group, Owen Lake,  Endako,  Centennial, 
Pinchi,  Takla  Mercury,  soil  geochemistry,  secondary  disper- 
sion  haloes. 
During  routine geological examination of mines and 

prospects  in  north-central  British  Columbia in 1965, the 
author collected soil  samples and analyzed them in  the field 
for mercury. Samples  were  taken along cut lines or access 
roads generally from the  top of unmodified soil. An  attempt 
was  made to extend sample points well beyond the limits of 

cury  were detected at  all the properties which were exam- 
known mineralization. Secondary dispersion halos of mer- 

mercury  deposits  to molybdenum deposits. Soil mercury 
ined, although  the size ofanomaly peaks varied greatly from 

treme types  at  which mercury halos might be expected. In 
and molybdenum profiles  are believed to represent the ex- 

most localities background ranges from 0.0 1 to 0. I ppm, hut 
in  some others is much higher. Background over whole re- 
gions may be so high that molybdenum peaks would not he 
noticed. 
69. Sutherland  Brown, A. (1974): Aspects of Metal Abundances 

and Mineral Deposits in the Canadian Cordillera; in Ex- 
ploration  Geochemistry, Canadian  Instifute of Mining and 
Mefal luw,  Bulletin, Volume 67, pages 48-55. 
Various NTS map  sheets  throughout British Columbia for 
which  there  are  geochemical  reports in EMPR assessment 
files 

Cu, Zn, Mo,  Pb 

Keywords: regional  metal  abundances,  silts,  soils, back- 
ground  values 
Mineral deposits  in  the  Canadian Cordillera are distrib- 

uted in a pronounced zonal pattern coincident with the five 

tectonic belts. Present information on regional m(,:tal ahun- 
dances  in rocks is inadequate, hut similar information on 
silts  and soils is more  common,  even  though not necessarily 
in  the public domain. The similarity between silt and soil 
background in pattern and in total value means that they 
both  probably  reflect  regional  geochemical  ab~mdances. 
The information available tends  to substantiate the premise 
that the Insular Belt has  high backgrounds for copper  and 
iron and low backgrounds for lead. In contrast the  Omineca 
and Foreland belts have erratic background valur,s with se- 
lectively enriched domains commonly related to s,pecific li- 

hut copper, molybdenum and iron are generally low. The 
thological units. This is particularly true for lead and zinc, 

lower  values  for  copper and zinc  in soils compaed to silts 
in the  Insular  Belt may reflect  ion mobility or extensive 
leaching in an organic-rich, rainy terrain. 
70.SutherlandBrown,A.(1975a):SamGooslyl~uDeposit,Brit- 

chemistry, Journal of Geochemical Exploration, Volume 4, 
ish Columbia; in Conceptual  Models in Exploration  Geo- 

Number I ,  pages 94-97. 
Sam  Goosly  orebody Ag, Cu, Zn NTS 93L/I 
Keywords: Sam Goosly,  till,  podzols,  stream  sediments,  soil 
geochemistry,  dispersal  trains,  hydromorphic dispmion 

molybdenum in stream sediments show  anomalcas disper- 
Stream sediment  data  for total copper, zinc, silver  and 

sion close to the Sam Goosly deposit although silver shows 
by far the strongest contrast. Initially, metal anomalies up- 
stream were attributed to glacial smear until it 'was estab- 
lished  that  the  glacial  direction mosl. affecting  the 
overburden transport was from the northeast %Id not the 
northwest as expected.  The soil data presented show  the 
marked effect of glacial smearing, although so!l creep or 
hydromorphic movement may also have transported some 
metal in the same direction. The silver anomaly has been 
transported up to  2000  metres down-ice, while the up-ice 
limb of the anomaly coincides  extremely  closely  with the 
surface projection of the deposit. 

71.SutherlandBrown,A.(1975h):lslandCop~~erDcposit,Brlt- 
ish Columbia; in Concephlal Models in Explo?ation Geo- 

Number 1 ,  pages 76-78. 
chemistry, Journal of Geochemical Explorarion, Volume 4, 

Island  Copper  orebody  Cu,  Mo N'IS 92L/llW 
Keyworak Island  Copper, till, glaciofluvial  depos'ts,  soil  geo- 
chemistry,  foreign  provenance,  soil  profiles. 

pyrite and abundant pyrite in an intense fracture stockwork 
Island Copper ore consists ofvery fine paired chalco- 

with minor molybdenite in  siliceous zones. T h c ;  deposit  is 
covered by a highly variable thickness of ove>burden. A 
regular soil grid was sampled over  the  entire areil collecting 
samples from the B-horizon or its equivalent, as, f a r  as was 
possible. The distribution of copper in the  soil, is directly 
related to overburden type and thickness. Two soil profiles 
are  also described. A thin till is overlain by up tq 75 metres 
of  glaciofluvial  sands  and  gravels.  The p1:esence of 
glaciofluvial  material of foreign  provenance  completely 
masks the copper anomaly in the upper soil. In ereas where 
glaciofluvial material is absent and particularly where  the 
till is thin, a moderate soil  anomaly is detected. 
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72.Sutherland  Brown, A. (1975~): Huckleberry Cu-Ma De- 
posit, British Columbia; in Conceptual  Models in Explora- 
tion  Geochemistry, Journal of Geochemical  Exploration, 
Volume 4,  Number  1,  pages  72-75. 
Huckleberry  Cu-Mo  deposit  Cu, Mo  NTS  93W11 
Keywords: Huckleberry,  till,  podzols,  hydromorphic  disper- 
sion,  soil  geochemistry,  stream  sediments. 

theclaimssurroundingthe bestmineralizationafiersuccess- 
Detailed soil sampling  has  only been undertaken over 

ful  drilling undertaken on the basis of the reconnaissance 
sediment survey and geology. The  Ah and B-horizon soil 
samples were analyzed for total copper and molybdenum. 
The  results  for  copper in the B-horizon only, are  shown to- 
gether with the position of the known mineralization. The 
soil  anomaly  clearly  defines the location of the copper-mo- 
lybdenum mineralized zone peripheral to the stock. How- 
ever, this  anomaly  also  coincides  with  the  circumfluent 
drainage pattern about  the stock and may be modified by 
metal-rich seepage  zones. There is no indication of modifi- 
cation of the  soil  anomaly by glacial action. 
73. Warren,  H.V. (1982): The Significance of a Discovery of 

Gold Crystals in Overburden; in Precious  Metals in the 
Northern  Cordillera, The Association of Exploration Geo- 
chemists, pages  45-5 1 ,  
Stirrup Creek Au NTS 92011 
Keywordx Stirrup Creek, placer goid,  biogeochemistry, soil 
geochemistry,  gold grains. 

Stinup Creek, British Columbia, a soil  sampling survey was 
In an attempt  to discover the source of placer gold in 

undertaken and it revealed an area of about 120 hectares 
strongly anomalous  in that metal. Careful panning of soil 
samples resulted in finding 

and  unscratched  faces. A cyanogenic plant  in  the area, 
several dozen  fragments of gold crystals with many smooth 

Phacelia  sericea, was found to contain strongly anomalous 
concentrations of gold. On the basis of this  it  is concluded 
that not  only is gold soluble under certain conditions, hut 
also that it can be transported through vegetation and depos- 
ited in soil. Some of the particles of placer gold also clearly 
indicate a chemical rather than a mechanical origin. 
74. Warren,  H.V.  and  Delavault,  R.E.  (1949): Further Studies in 

Biogeochemistry;BulletinoftheGeologicalSocietyofAmer- 
ica, Volume 60, pages  531-559. 
Sullivan  mine, 
Britannia  mine 

Pb, Zn, NTS  82Gl12, 

Keywordx Sullivan  mine,  Britannia  mine,  biogeochemistry, 
groundwater,  soils. 
This  paper outlines some of the methods used to re-ex- 

amine  previous  conclusions (see Warren and Howatson, 
1947) that there may be a striking relationship between the 
mineral content  ofplants  and that ofthe underlying soils  and 
rocks. The  analytical methods used  are  described,  including 
a dithizone method which seemed suitable for both copper 
and zinc  analyses. 

Evidence showed  that twigs, rather than leaves  or nee- 
dles  or  even fruit, are probably more satisfactory as indica- 
tors of variations in  the metal content of soils  and rocks. 
Twigs are  easier  to collect, to  sample  and  to ash and satis- 
factory results  were obtained from 1 and 2-gram samples. 

Ag 92Gil1 

This suggested that  it  may be possible  to  carry on biogeo- 

ples from the Britannia  and  Sullivan  mines  were tabulated 
chemical prospecting in winter. Numerous  analyses of sam- 

and their significance discussed. The  results  were compared 
with those obtained previously and suggested that  in  some 
areas the zinc-copper ratios may, for  prospecting purposes, 
be more significant than  the  absolute  amounts of zinc  and 
copper  present  in  the  trees  and  lesser plants, particularly 
when the absolute amounts of copper  and  zinc  are low. 
75. Warren, H.V. and  Delavault, R.E. (1954):  Variations in the 

Nieke1CoutentofsomeCanadiauTrees;Transactionsofthe 
RoyalSocietyofCanada, Volume48, Series3,  Section4, pages 
71-74. 

Coast Range  Mountains 
Unnamed  nickel  deposit - Ni NTS 92H 

Keywords:  Biogeochemistry,  mountain  hemlock,  mountain 
fir, western red cedar,  pathfinder  element,  nickel. 

On the  evidence of more  than 200 nickel determina- 
tions, the authors concluded that  biogeochemical methods 

tion in  some areas. These  techniques  were considered to be 
may prove useful in  the  search  for buried nickel mineraliza- 

particularly useful for distinguishinggeophysical anomalies 
caused by magnetite andor pyrrhotite alone from those in 
which  these  minerals  are  accompanied by significant 
amounts nickel mineralization. 

Except  for  very  young  tips  and  stems  more than 4 years 
old, oven-dried leaves  and  needles of most  trees carried 
from 0.2 to 2 ppm (10 to 100 ppm in  ash)  over  the  more 
common geological formations. Over nickel mineralization, 
nickel  contents  five to twenty times the  above figures  were 
found, with weaknickel occurrencesprovidingintermediate 
results.  The  ease  with  which  even  slightly  abnormal 
amounts of nickel were detected in  some  trees suggested 
that it  may be considered a pathfinder element  for base metal 
deposits such as zinc, much  as  molybdenum may, on occa- 
sion, be used for copper. 
76. Warren, H.V. and  Delavault,  R.E.  (1957):  Biogeochemical 

Prospecting for Cobalt; Transactions of the Royal Society of 
Canado, Volume 51,  Series  3,  Section 4, pages  33-37. 
Windpass c o  NTS  92Pl8E 
Keyword.% Windpass,  biogeochemistry,  cobalt,  mountain bal- 
sam,  lodgepole pine. 

The  cobalt  content of trees and  shrubs  growing  above 
cobalt ore  was determined to be high enough to  be estimated 
by a relatively simple laboratory method on  samples 1 gram 
in weight. Variation between the cobalt  contents oftrees and 

those removed from  such  mineralization was considered 
lesser  plants  growing  close to cobalt  mineralization  and 

pecting tool. Most positive samples  contained  from 1 to 3 
sufficient to  enable biogeochemistry to be used as a pros- 

ppm of cobalt  in oven-dried plant  material  and  from 50 to 
300 ppm in ash. This  appeared  to be from ten to one hundred 
times the amount encountered in vegetation from unminer- 
alized areas. There  also  was  some  evidence  to  suggest  that 
more than normal amounts of cobalt  may  be  associated  with 
some  favourable mineral-bearing formations and that  it  may 
be  possible  to use biogeochemistry to  search  for  these fa- 
vourable formations. 
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77. Warren, H.V.,  Delavault,  R.E.  and  Cross,  C.H.  (1957): Geo- 
chemical  Anomalies  Related to some  British  Columbia 
Copper  Mineralization; in Methods  and  Case  Histories  in 
Mining  Geophysics, Sixth CommonwealfhMiningand~etal- 
lurgical Congress, pages  277-282. 
Bethlehem,  AAon, 
Dutchman 

Cu, Zn 
92V9,92W15 

NTS  92U11, 

Keywork Bethlehem,  AAon,  Dutchman, till, glaciofluvial 
sediments,  biogeochemistry,  soil  geochemistry. 

for  copper in three  areas in southern  British Columbia. Soil 
Geochemical  techniques  were  applied  to prospecting 

and vegetation  samples  were  collected  along  profiles  over 

ses  were plotted on profiles and the location  of  the miner- 
strong, medium  and  weakcopper mineralization. The  analy- 

alization,  as  determined by various  methods,  is  shown. 
Large geochemical  anomalies  were  obtained  over  the  areas 
ofsignificant  copper  mineralization.  The  ratios ofcopper to 
zinc present in the  samples  were  computed  and plotted as 

fective  for  exploration in the  section of British  Columbia 
aids in interpretation.  The  techniques  were found to be ef- 

under study. 
78. Warren,H.V.andHajek,J.H.(1973):AnAttenrpttoDiscover 

a "Carlin-Cortez"  Type of Gold  Deposit in British  Colum- 
bia; Western Miner, October,  pages  124-134. 
Stirrup Creek  area Au NTS 920/1 
Keywordr: Stirrup  Creek,  cemented  glacial  clay,  soil  geochem- 
istry,  biogeochemistry,  stream  sediment  geochemistry,  soil 
profiles. 

In the  area under consideration, a lack  of outcrop, much 
glacial  debris  and a layer of cemented glacial clay tend to 
render  the  usual  exploration  techniques  ineffective.  Soil 
geochemistry data  presented  in  this  paper  show  that  higher 
gold values  are  obtained  neither on the surface  nor neces- 
sarily  close  to  bedrock, but rather in an intermediate or B- 
horizon which  extends  variously  from 15 to 90 centimetres 
below  the surface. These  results  appear  to  contradict  those 

ning,  reported that they only  obtained significant values 
obtained  by  all the earlier workers who, as a result of pan- 

from  the  samples  taken within a few  centimetres of bedrock. 
Several B-horizon soil  samples weretakeninanorthernpart 
of the area and some  carried  soil  values  of 0.5 ppm or more 
of gold (greater  than 100 times background). Biogeochem- 
istry has been successfully used to correlate  anomalous  con- 
centrations of gold and  arsenic in plants withthese  elements 
in rocks. 
79. Warren, H.V.  and  Howatson, C.H. (1947): I3iogeochemicaI 

Prospecting for Copper and Zinc; Bulletin ofthe Geological 
Sociery ofAmerica, Volume 58, pages  803-820. 
Britannia,  Sullivan,  Texada  Island, 
Copper  Mountain,  Beaverdell Cu, Zn NTS 92(3/6, 
-P 82G/l1,92F/9,82W6E 
Keywordr. Britannia,  Sullivan,  Texada lslancl, Copper  Moun- 
tain,  Beaverdell,  biogeochemistry, 

ore  deposits as revealed by a series  of  investigations con- 
This  paper reports on some  relationships  of  plants  to 

ducted in British  Columbia by the  authors  at  five  mining 
camps  (Britannia,  Chapman,  Texada Island, Copper Moun- 
tain  and Beaverdell). Results indicate  that the zinc and cop- 
per contents of some  trees  and lesser plants may reflect, to 

a striking extent, the  presence  of zinc  and  copper coucen- 
trations in the underlying  soils  or  rock foonnatio~ls. The ash 
of a random  selection  of  botanical  samples in nl,)ncuprifer- 
ous areas  was found to  carry 200 to 600 ppm c'opper with 
samples  over 1000 ppm  considered  to  reflect  anomalous 
copper  concentrations.  Ashes in areas  with zinc conccntra- 
tions  carried  more  than 1500 ppm  zinc,  with t'ackpound 
values ranging from 700 to 900 ppm zinc. 

Some secondary results reported are as foll;>ws: 
(1) Cones  and  needles of Ruga  mertensiana (morntain hem- 

lock), Pseudofsuga lax~olia (Douglas fu), Lark occi- 
denfalis (larch)  and Pinus conforfa (lodgepole pine) all 
offer  possibilities  for  detecting  unusual  concentrations of 
copper  and zinc. 

(2) Leaves  of Echinopanax horridus (devil's club), Ahus 
sinuala (green alder) and Salk sp. (willow) al.: show abil- 

per or zinc in their vicinity. 
ity to  indicate the presence  of  abnormal amo~mts of  cop- 

(3) The  wood  of the various  trees  carries the leait total min- 
eral  content  and  the green leaves  or  needles the most. The 

tremes. 
fruit  and bark contain  amounts  between  thf:se  two ex- 

(4) In the samples  examined,  zinc  seems, on the average, to 
be twice  as  abundant  as copper. 

80. Westeweit, L.A. (1985): A  Computer  Facilitated Statistical 
Aualysis of Three Soil Geochemical  Grids in the Nnkusp 
Area,  South-CentralBritish Columbia;umpubli3hed  B.A.Sc. 
thesis, The University ofBritish Columbia. 
Nakusp area Multi-elements NlS 82K 
Keyworrls: Nakusp, soil anomalies,  statirltical  :,malysis,  soil 
geochemistry,  graphs,  plots. 

than 1000 geochemical  soil  samples  demonstrates  the  ease 
A computerized statistical  analysis  of data from. more 

with which the computer can process  and dispkly large vol- 
umes  of  geochemical  data in a variety  of  formats. Thf. * com- 
puter-generated 'graphs  and plots  have deli1:)eated rock 
types,  lithologic  contacts,  faults  and mineralized zones and 
have indicated the  types  of  deposits  that  may be present un- 
der the overburden of the  three  geochemical  grids. 
8 1. White, W.H. (1950): Plant Auomalies  Related 1 0  some Brit- 

ish Columbia Ore Deposits; Transactioiw of  he Canadian 
ZnstitufeofMiningandMefa~lurgy. Volumc:S3,p:lges2~3-246. 
Copperado  property,  Bell  claim,  NTS S'21/9E, 82E/6 
Mayflower  mine,  Reeves-  82F/4W,  82F/3W 
Keyworrls: Copperado  property,  Bell  claim,  "!flower  mine, 
Reeves-MacDonald  mine, drift, overburden,  hi(aochemistry, 
geophysics. 

aid to the discovery  of  mineral  deposits  was , p e d  under 
The  value  of  anomalous metal contents of trees as an 

fieldconditionsonfourknownoredeposils.Re!.ultsindicate 
that a base metal deposit, or any  deposit  (condning zinc or 
copper, casts a 'metal shadow'  into  the  overlykg soil which 
remains  approximately  positioned  above  the  deposit, re- 
gardless of the  type  of  overburden or the n:ioventent of 
groundwater. The unusuaIly high content of zinc or copper 
in trees  growing  withii the  limits  of this metal ishadow con- 

field.  The field kit  and  certain points of  the fie'ld technique 
stitutes an anomaly  which can be detected  and I dotted in the 
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British Columbia 

are  described briefly; and the characteristics ofplant anoma- 
lies  and  possible  limitations  of  their use are  mentioned. 
82. White, W.H. and  Allen, T. M. (1954): Copper  Soil  Anomalies 

iu the Boundary District of British Columbia; Transactiom 
of the American Institute of Mining Engineers, Volume 199, 
pages 49-52. 
Deadwood  Camp, c u  
Summit  Camp,  Phoenix  Camp 

NTS 82E/2,3 

Keywork Deadwood,  Summit,  Phoenix,  soil  geochemistry, 
glacial  dispersion,  float  boulders,  copper  migration. 

as  rational  contours on the  map  of an area  that  has been 
Copper  soil  anomalies  are  valid only  when they appear 

sampled  systematically. These  anomalies  must  be  inter- 
preted with  due  regard  to  the  geomorphic history of the area. 
They  may  correspond  closely  to the source  of the copper, 
or, alternatively, they may have spread and  migrated  con- 
siderable  distances.  Probably in the  latter  instance a tail 
could be  detected  leading  back  to  the  source  of the copper. 
In  the  Boundary  District  of  British Columbia, the normal 

27 ppm. Copper  values  over 100 ppm can be considered 
copper  content  of  the  soil  is  less than 100 ppm, averaging 

anomalous. A  copper  soil  anomaly  does  indicate the pres- 
ence  of  unusual  amounts  of  copper in the  underlying or con- 
tiguous  bedrock, but it  does  not  necessarily  indicate  the 
presence  of a commercial orebody. It follows that a strong 

anomaly. 
anomaly  is no better  indication  of  an orebody than a weak 

83. Wilton,  H.P.  and  Pfuetzeureuter, S. (1990): Giant Copper 
(OSHSWOOl, 002); in Exploration in British  Columbia 1989, 
B.C. Ministry of Enera, Mines and Pefmleum Resources, 
pages 91-93. 
Giant  Copper Cu, Au, NTS 92W3E 

Keywords: Giant  Copper,  soil  geochemistry,  breccia,  Inver- 
may  stock,  metamorphic  halo. 

Ag,  Mo 

erty geology and  makes reference to a soil geochemistry 
This hriefreviewpaperdiscussestheregional andprop- 

anomaly  map,  locating the No. 1 Anomaly  zone (gold, sil- 
ver, arsenic,  zinc, copper, lead)  which  is a newly  discovered 
breccia  occurring  about 300 metres  northeast  of  the  AM 

has very similar  mineralization,  hostrocklithology and geo- 
breccia anomaly (gold, silver, arsenic,  zinc, copper, lead).  It 

chemical  signature  to  the  AM  breccia  and probably repre- 
sents a segment  of  the  AM  zone  which has been offset  by 
left-lateral  movement on a northeast-trending fault. Two 
other  soil  anomalies to the north are associated with local 
mineralization: the  Camp  Breccia  anomaly (silver, zinc) and 
Cliff  anomaly  (arsenic, zinc). 
84.  Witherly, K.E. (1979): Geophysical nod Gewhemicnl  Meth- 

ods Used io the Discovery of the Island Copper Deposit, 
Vancouver Island, British Columbia; in Geophysics  and 
Geochemistry  in  the  Search  for  Metallic Ores, Hood,  P.J.,  Edi- 

tor, Geological Survey of Canada, Economic  Geology  Report 
31, pages 685-696. 
Island  Copper  orebody  Cu, Mo NTS 92Llll 
Keywork  Island  Copper,  aeromagnetic  surveys, IP surveys, 
soil  geochemistry, till, glacial  overburden. 

Several  large  soil  geochemical  anomalies  were  identi- 
fied  within  the  regional survey block.  Testing  of  geochemi- 
cal  anomalies on the  property  most  often  encountered  some 
low-grade copper  mineralizationin  the bedrock. This  obser- 
vation  encouraged  the  reliance  upon  the  geochemical 
anomalies  as a prime  source  of  drilling  targets, because, 
even though  much  of the  glacial till had  been  transported, a 
significant  amount of the  soil  at a given  site  is apparently 
locally  derived.  Extensive  drilling of the  anomaly  over  the 
deposit showed, however, that  more  than 15 metres  ofover- 
burden  could  inhibit  the  surface  expression  of  even  subcrop- 
ping ore-grade mineralization. Of  all the  survey  techniques 
used in the  discovery  of  the  Island  Copper  deposit, a soil 
geochemical  survey  was  the  most  successful  due  to  its  ad- 
vantages  of  speed,  cost  and  detection  ofthe  specific  element 
of interest.  The  problem  of  thick  overburden  subduing the 
geochemical  expression  was  apparent,  but  did  not  present a 
serious  problem.  Examination  ofthe  geophysical  data  made 
subsequent  to  the  discovery  of  Island  Copper  show  that  the 
geophysical  results  support  and  enhance  information on 

the orebody. 
structure,  alteration and mineralization  both in and around 

85. Young, M.J. and Rugg,  E.S. (1971): Geology and Minernli- 
zntion oftheIsland Copper Deposit; Western Miner, Volume 
44, pages 31-40. 
Island  Copper  orebody  Cu, MO NTS 92Llll 
Keywords: Island  Copper, soil geochemistry,  magnetic SUI- 
veys, 1P surveys, till, soil  profiles. 

A  geochemical  soil  survey  was  conducted  over  the 
property  during  January  to  June 1966. In  the  area  of the 

gradient  from  below 100 to  above  200  ppm copper. The 
orebody, the  geochemical  anomaly  showed a fairly  steep 

anomaly defined by the  200-ppm  contour  is  roughly in the 
centre of the orebody  in  plan  and  conforms  well  with that 
part  of  the  orebody  generally  overlain  by  less than 10 metres 
of overburden. Soil  profiles  have  been  taken at several lo- 

near the location of the  soil profiles  indicate the  underlying 
cations in the  vicinity ofthe orebody. Assays from  drill  core 

bedrock contains  about the average  copper  content  of  the 
orebody.  Several  other  soil  profiles  taken  indicate  an 
anomalous  concentration  of  copper in the  red-brown  mixed 
clay, sand and gravel  at  depths of 60 to  150 centimetres. 

magnetic  anomalies  in this area  are  only a rough guide in 
Geophysical  surveys  carried  out  concurrently  show  that 

prospecting  because  of  the  ubiquitous  character of magnet- 
ite in the  volcanics.  Induced  polarization  surveys did not 
directly  locate  the  mineralized  bedrock  deposit. 
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Ministiy ofEnew, Mines andPelroieunr Resourcer 

SUMMARY OF DRIFT PROSPECTING PUBLICATIONS IN BRITISH COLUMBIA 
TABLE 27-1 

Citation  Deposit/ NTS Met& Gealogleal Geoehemical Geophysical 
(Quaternary) 

" 

Region 
1  Chappelle deposit X 

"_ x 
2 

3 
4 
5 

6 
7 

8 
9 
IO 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 

22 

23 

24 
25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

37 
38 

40 
39 

42 
41 

43 
44 
45 

Highland Valley 
Copper  mine 
Lomex deposit 

Newman (Bell) Cu 
Capoose batholith 

deposit, Boss MI. deposit, 
Car ib-Bel l  deposit 
Car ib-Bel l  deposit 
Canadian Cordillera 

Island Copper deposit 
Car ib-Bel l  deposit 

Afton Cu deposit 
Afton Cu  deposit 

Momson  deposit 
Cinola deposit 
Butlle Valley, 
St.  Eiias  Mountains 
Grasshopper Mountain 
Grasshopper Mountain 
congress property 
Sheslay prospect 

Rea  Gold deposit 
Ingerklle deposit 

East Arm Glacier, 
Windy Craggy deposit 
Tsowwin River, 
Franklin River, 
Harris Creek 
Watson BarCreek 
East Arm Glacier, 
Windy  Craggy deposit 

QR deposit 
Shasta deposit 

Franklin Camp, 
TulamL%". 

921/6,7 
94W6 

l O a n d l l  
92Vll 
93F16 
93L: 

93A/Z 
93A/12 
93Al12 

various NTS 
regions 
92UI I 
93A/12 
92VlOE 

93MllW 
92U10E 

103Fl9 
92F/IZ 
114P/12 
92W10 
92W10 
923115 
104K 

82M14 
9 2 w I  

114P/12 

92W15; 
82m; 

92F2.3.4: 
92F3,4 

114P/12 

93A/12 
94E16 

82W9; 
9 2 W . 1 0  . .  

Scottie C&ek 92U14 
Quesnel River gold deposit 93A/12 
Mount Milligan deposit  93N/1E,  930MW 
whipsaw Creek 
Bunle Valley 

9 2 w I  
92F/12 

Cariboo-Bell deposit 93A/12E 
Rayiield River property 
McConnell  Creek ana 

92P16 

Dansey-Rayfield River 92P/6 
94D 

Highmont  property 
various propellies 

92L7 
92F.92H.92Y. 

in  B.C. 
Lucky Ship deposit 

93E,93K 

Huckleberry Mountain 
93u3.4  

Nechah Range 
93Wl1 

Mount  Milligan, 93N/IE; 
Johnny  Mountain 930/4W.  IMB/6E, 

7W, IOW, 11E 

Quatsino 
Galaxy property 92U9 

921132 
Endako  deposit  93W3E 

Central bog. 
Bell  Copper  deposit 93U16 

whipsaw  Creek 9 2 w I  

Au, Ag 

c u  
Cu 

C u ,  Mo 

Cu. Mo. Au 
Cu, Mo,  Au 

Cu, Zn, Pb, Mo, 

Cu, Mo 
Au, Ag 

Cu, Mo, Au 
cu 

cu 
C" 

Au 

Cu, Zn, Au, Ag 
h 
h 

Cu,  Mo 
Au.  Ag 

Cu 
Au. Ag, Pb. Zn, Cu 

Cu. Co, Zn.  Ag,  Au 

R. Fd 

Cu, Au 
A" 

Cu. Zn. Pb 
Cu. Mo 

Cu,  Au 
C" 

Cu, Au 
cu 

Cu, Mo 

Cu. Mo 
MO 

Cu,  Mo 
Ba, SI, Pb, Ni.  Mn 

Cu, Au 
Cu, Au 

Multi-elements 
MO 
cu 

Cu, Co.  Ni, Zn 

X 
X 
X 

X 
X 

X 

X 
X 

X 
X 
X 
X 

X 

X 

X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 
X 

X 
X 

X 

X 7: 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 
X 

X 

X 

X 
X 

X 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 
X 

X 
X 

X 

X 

X 
X 

- 
Paper 1995-2 299 



46 

47 

48 
49 
50 
51 
52 
53 
54 
55 
56 
51 
58 

59 
60 

61 
62 
63 
64 
65 
66 
61 
68 

69 

70 
71 
72 
73 
74 

15  

16 
11 

78 
1 9  

80 
81 

82 

84 
83 

North Wow Flaw, 
Covert  Basin, 
Prairie Flats 
Old Fort  prospect, 
Bell  Copper  deposit, 
Granisle Copper deposit 
Catface  deposit 
Chufanli prospect 
Central  Interior of B.C. 
O.K. property 
Maggie  deposit 
Ashnola c o p  prospect 
Sam Gwsly deposit 
Whipsaw Creek property 
Babine  Lake  area 
Red-Chris  deposit 
Clusko  River, 
Toil Mountain 
Highmont  deposit 

Peace River 
Fraser Valley, 

Poison Mcmnlain deposit 
Nickel  Plate mine 
Nickel  Plate  mine 

82W4.5.12 

93u16;  93Mll 
92FlSW 
93Fn 

92W2E 
91u14w 
92WlW 

92Hn 
9 3 u 1  

1MW12 

93U9.16 
92WW 

92G.  94A 
92012w 
92W8 
92W8 

Pellaire  prospect 920148 
Kemess South deposit  94W2E 

Boss  Mountain Mo deposit 93M2 
Brenda Cu-Mo  deposit 82U13 

Ten  properlies  in 
Central B.C. 103k 93K.LS.1 
Five regional 
tectonic belu 

various 

Sam Gwsly deposit 
NTS regions 

93U1 
Island  Copper  deposit 9 2 U l l W  
Huckleberry  Cu-Mo  deposit 93U11 
Stinup Creek 
Sullivan  mine, 

92011 
82Gl12, 

Britannia mine 
Unnamed nickel  deposit 

92Glll 

Coast  Range  Mounlains 92H 
Windpass 
Bethlehem  deposit, 

92Pl8E 
!null: 

Afton  deposit, 92U9: 
Dutchman 92W15 
St imp Creek  area  92011 
Britannia mine, 

Texada  Island, 
Sullivan  mine,  92616 

82Gl11 
Copper Mountain deposit.  92Fl9 
Beaverdell camp 82U6E 
Nakusp area 82K 
Copperado  property, 
Bell claim, 

9U19E 
82W6 

Mayflower mine, 82Pl4W 

D e a d w d  Camp, 
Reeves-MacDonald mine 82Fl3W 

summit camp. 

Giant  Copper 
Phoenix Camp 82EQ 

92W3E 
Island Copper deposit 9 2 U l l  

U, Th, Ra, Pb X 

Cu, Zn, Mo 
Cu, Mo 

X 

MO X 
MO 
cu 

X 

Cu, Mo 
X 

Cu. Mo 
X 

Cu, Ag 
Cu,  Mo 

X 

Cu, Zn, Mo, Fe, Mn 
X 
X 

Cu, Au X 

X 
X 

Ca, Mg, Na, K, Si X 

C u ,  Mo 

Cu,  Mo 
Au, Ag X 
Au, Ag X 

Au 
Au, Cu 

X 
X 

C u ,  MO X 
MO X 

Hz. Mo X 

Cu, Zn, Mo, Pb, Ni,  Ag 
Cu, Ag. Zn X 

Cu,  Mo X 
Cu,  MO X 

AU 

Pb, Zn, Ag 

Ni 
CO 

cu, zn X 
Au 

Cu. Zn 

Cu, Ag, Au, Zn 

Cu X 
Cu. Au, Ag.  Mo 

Cu, Mo X 

X X 

X 
X 
X ~~ 

X 
X X 
X 
X 
X 
X 

X 
X 
X 

X 
X 

X 
X X 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 

X 

X 
X 

X 
X 

X 
X 

X 

X 
X 
X X 

85  Island  Copper  deposit 92U1 I C u ,  Mo X X 
~~ ~ 
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CROSS-INDEX  BY  SELECTED  KEY WORDS 
TABLE  26-3 

Key words Citation Number 
Afton  deposit 10,11,77 
alpine  glaciation I glaciers 
Ashnola  porphyry  copper 
Babine  Lake 
basal till 

6.33.57 
53 

Beaverdell 

Bell  Copper 
Bell  claim 

biogeochemistry 
Bethlehem 

Boss  Mountain  Mo  deposit 
boulder  clay 
boulder aains I tracing 
Brenda  Cu-Mo  deposit 
Britannia  mine 
Buttle  Valley 
Capoose  batholith 
Cariboo  Bell 
Catface 
Centennial 
Chappelle 
Chutanli 
Cinola  deposit 
cirque 
Clusko  River 
colluvium I colluvial  dispersion 

Copperado  property 
Congress  property 

Covert  Basin 
Copper  Mountain 

Dansey - Rayfield  River 
Deadwood  Camp 
dispersal  trains 
down-slope  dispersion 

East Arm Glacier 
Dutchman 

Endako 
Erratics 
Equity  Silver 
felsenmeer 
float  boulders 
fluvial-glacial 
Franklin  Camp 
Franklin  River 
Fraser  Valley 
Galaxy 
gaseous  dispersion 
geochemical  anomalies / dispersion 
geophysics 
Giant  Copper 

glacial  dispersion I dispersal  trains 
glacial  deposits / drift / overburden 

Glacier  Gulch 
glaciofluvial  sediments 
glaciolacustrine  sediments 
Granisle  Copper 
Grasshopper  Mountain 
Hanis Creek 

Highmont  propirty 

Huckleberry 
Huber  group 

hydromorphic  dispersion 
Huckleberry  Mountain 

ice  flow 

~~ 

56 
see till 
79 
81 
44,47 
77 

4,7,8, 17,25,32,37,38,41,53,73-79, 81 
61 

I ,  

&e ti11 

66 
21,23,27,32-34,40,43, 82 

74,79 

4 
14.30 

6,9,31 
48 
68 
1 
49 
13 
64 

3, 15, 16,20,25,27,28,44,49,64 
58 

17 
81 
79 
46 
34 
82 
see glacial  dispersion 
see colluvium 
77 
21 
43,68 
see boulder  trains 
54.70 
? 
see boulder  trains 
see glaciofluvial  sediments 
26 
22 
60 
41 
3 
see soil  geochemishy 
11, 12,25,31,51,55,59,61,81 
83 
see till 
11-15,24,25,27-32,34,35,40,41,43,47-50,55,56,59,62,63, 

6 R  
67,70,  82 "- 

2,44,47,56 
19,21,28,30,31,34,40,58,66,71,77 

A 7  -, 

22 
15,16 

38 
5,6, 16,25,28,29,31,35,36,44-47,49,50,55-57,65,70,72 
23,27,31,35,42,49,66 
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induced  polarization  (IP)  surveys 8,29,53,54,84,85 
Ingerbelle  deposit  19 
Invermay  stock 
Island  Copper 

83 

Johnny  Mountain  Glacier 
8,42,71,84,85 

Kemess 
40 

lodgement  till 
65 
see till 

Lornex 3 
Lucky  Ship 37,68 
Maggie 
Mayflower  mine 

52 

McConnell  Creek 
81 

Momson 
33 
12 

Mount  Milligan  28.40 

Nechako  Range 
Naskup 

39 
80 

Nickel  Plate  mine 62,63 
Northwest  group 
North  Wow  Flats 

68 

O.K. 
46 
51 

Old Fort prospect  47 
outwash 
Owen M e  

see glaciofluvial  sediments 

Peace  River 
68 

Pellaire 
60 
64 

Phoenix  camp 82 
Pinchi  mine  68 
placer  gold  22.73 
podzol 9,35,37,38,70,12 
Poison  Mountain  61 
Prairie  Flats  46 
Quatsino  42 
Quesnel  River  deposit 25,27 
Rayfield  River  property  32 
Rea  Gold  20 
Red-Chris  porphyry  deposit 
Reeves-MacDonald  mine 

57 

roche  moutonn& 
81 
51 

Salmonberry  Creek 22 

Scottie  Creek 
Sam  Goosly see Equity  Silver 

26 
secondary  dispersion 13,68 
Serb  Creek 
Shasta  deposit 

68 
24 

Sheslay  prospect 
silt  geochemistry 

18 

soil creep 
see stream  sediment  geochemistry 
18 

soil  geochemistry I soil  anomalies 1,5,7-9, 11-16, 18-20,24,26-39,41-43,48-51,53-57,59,61-74, 

soil  profiles 
Stirrup  Creek 
stream  sediment  geochemistry I geochemical  surveys 1,4,5,7, 12.13, 15, 16,20,22,24,26,32-34,39,44,48-50,53,54, 

striae 51,58,65 
Sullivan  mine 74,79 

82 
Takla  Mercury 68 
talus 
Texada  Island 79 

33,61,64 

77,78,80,82-85 
6.10,  11,15, 19,20,28,35,36,44,45,61-63,65,71,78,85 
73,78 

57,61,66, 67,69,70, 72.78 

summit  camp 

till 2-6.10,  11.14-16, 19.23-25,27-34,36,40-42,44,45,47,49-52, 
55-58,62,63,65-67,70-72,77,84,85 

Toil  Mountain 
Tsowwin  River 

58 
22 

Tulameen Complex 
Valley  Copper 

15, 16,26 

Watson Bar Creek 
2 
22 

Whipsaw  Creek 29,45,55 
Windpass 76 
Windy  Craggy  21 
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