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INTRODUCTION 
During the 1992 field season, drift exploration studies 

were undertaken by staff of the British Columbia Geologi- 
cal Survey Branch at the Highland Valley Copper mine 
(Figure 4-4-l). The project is part of a drift-prospecting 
program integrating surficial geology and applied geo- 
chemistry in the search for mineral deposits in areas of 
glaciated and drift-wvered terrain in the province. Related 
studies rhis year include a case study documenting geo- 
chemical dispersion in till, conducted at the Galaxy deposit 
south of Kamloops, and the Anahim Lake map sheet, where 
reconnaissance till geochemical data were collected and 
terrain maps were produced (Proudfoot, 1993; Giles and 
Kerr, 1993: both this volume). The objectives of the pro- 
gram are summarized as follows: 

0 Develop, evaluate and recommend methods and tech- 
niques applicable to mineral exploration 

Figure 4-4. I. Lo~tion of the Highland Valley study arca, 
southern British Columbia. 
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l Stimulate mineral explol-ation activitie i in glacirted 
and drift-covered regions of the provinc : through ;pe- 
cialized surficial geology techniques. 

. Develop interpretive drift-exploration m ,dels fourded 
on principles of Quaternwy geology. 

l Produce surficial geology and applied dt,rivative maps 
at a scale of I:50 000 which will be of [ ractical WB t8) 
the exploration community. 

Previous studies relevant to the general dr ft-exploration 
program and its objectives have been derdled or sum- 
marized elsewhere (e.g., Ken and Bobrowsl .y, 1991; Sit- 
hick ef al., 1992). The present report provider a summa~!/ cf 
field activities and details of the stratigraphy and sed~lnen- 
tology in the Valley pit area of Highland /alley Co:,per 
mine located some 370 kilometres nonheast of Vancouver. 
Detailed interpretive results Iof the ancillar:’ geochemical 
and surficial data will appear Ielwwhere, folh swing con plc- 
fion of several analytical procedures now in progress. 

Highland Valley Copper mine was selecta for invesYg;~- 
tion during this field season &en: 

. Easy access to a lengthy and cornpIt x overburden 
sequence which overlies strongly miner dized bedrock 
(as recently exposed by mining in the ‘Mley pit:), 

l The fortuitous occurrence of organic naterials ~a:- 
tered throughout the depoiiw, which a-e suitable for 
radiocarbon dating and thus chronologi xl control. 

0 The opportunity to evaluate modern rn :thods of Iakt:- 
sediment geochemistry sampling by malogy to an 
ancient lake sediment saquence (in dire :t contact with 
the mineralized bedrock). 

. The possibility of obta,ning proxy Qratemary da,,a 
through paleomagnetic and pollen anal ises. 

0 The occurrence of econojmic mineral ,leposits iri tte 
region. 

A detailed study of the geology and gee :hemistry of a 
preserved lake sediment seqwnce overlying I he Valley ~::o])- 
per orebody was undertaken. as a complement tc the 
Applied Geochemistry Unit‘s lake sedilxnt prol:ra n 
(Cook, 1993, this volume). The goal of thit research is ‘:o 
define controls on metal transport and d :position in a 
drained lake directly overlying ore. The r :sults of ~he:;r 
investigations will provide us with information (i.e., gee,- 
chemical dispersion characte!:i:;tics) for ~:valuatir,@ the 
viability of modern lake sediment geochemi! try. The IwIder- 
lying premise of modern laks :sediment san tpling assum~:s 
that these samples provide regional geochem ical data r’:pr:- 
sentative of the underlying lithologies and ,eliable inzlica- 
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tions of local mineral occurrences. The occurrence of 
ancient lake sediments in direct contact with a known 
orebody provides a standard against which methods of mod- 
ern lake sediment sampling can be compared. The success 
of this investigation depends to a large extent on the detail 
and accuracy of interpretation provided by complementary 
stratigraphic and sedimentological research. The present 
paper describes this research work. 

PREVIOUS WORK 
Excluding the work of early geologic explorers working 

in the Interior Plateau of southern British Columbia, it is the 
notable mineral deposits in the area (including Bethlehem, 
Lomex, Valley Copper, Highmont and JA; Figure 4-4-2) 
which have significantly influenced ongoing geological and 
mineral exploration studies. These studies have added 
immensely to the geological database. 

Previous studies on the bedrock geology of the Highland 
Valley deposits and surrounding area have been detailed in 
several publications (cj Sutherland Brown, 1976 for review 
articles as well as discussion below). Previous surficial 
studies are, however, less well known. During the 1960s and 

1970s. R.J. Fulton (Geological Survey of Canada) mapped 
the surficial sediments directly east of the study site and 
developed a good understanding of the regional patterns of 
glaciation and deglaciation for the southern Interior Plateau. 
Based on his work (Fulton, 1969, 1975; Fulton and Smith, 
1978). the Quaternary stratigraphy for this region can be 
summarized as typically consisting of Okanagan Centre 
Drift deposits (type locality near Okanagan Lake) of Early 
Wisconsinan age (>6S 000 years old), overlain by Bessette 
Sediments (type locality near Lumby) of mid-Wisconsinan 
age (>20 000 65 000 years old) and Kamloops Lake Drift 
deposits (type locality near Kamloops Lake) correlative 
with the Late Wisconsinan (IO 000 to 20 000 years old). 
Much older sediments, including deposits with reversed 
polarity (Matuyama age; >790 000 years), have recently 
been identified south of Merritt (Fulton er al., 1992). Strat- 
igraphy in the Merritt area (Table 4-4-l) is better understood 
and, therefore. much more detailed than elsewhere, but the 
essential components remain similar to the generalized 
stratigraphy of the Interior Plateau. 

Perhaps the greatest attention has been paid to the history 
of deglaciation of the southern Interior Plateau and surficial 
deposits associated with the event (Fulton, 1967. 1969, 
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Figure 4-4-2. Location of the Valley pit and other deposits and features referred to in the text 



1991: Church and Ryder, 1972). The present day physiogra- 
phy, characterized by rolling uplands, steep-walled, flat- 
floored valleys, as well as open grassland and pine forested 
slopes, is strongly influenced by the style of deglaciation. 
Most of the major valleys and tributaries in the Interior 
Plateau supported large ice-dammed lakes as ice retreated 
northward at the end of the Pleistocene (Ryder ef nl., 1991). 
These glaciolecustrinr deposits typically consist of sand and 
silt, are of varying thickness and pose considerable herard 
to transportation corridors and structures given their propen- 
sity to slope failure tEvans and Buchanan, 1976). From an 
exploration perspective the pervasive glaciolecustrine sedi- 
ments conceal mineral deposits. As noted elsewhere in this 
paper, glaciolacustrine deposits are an integral component 
of stratigraphy of the valley-fill sequences of the study area 
and must be adequately understood. 

At Highland Valley Copper, an early Quaternary geologi- 
cal investigation by J. Mallard (Ripley, Klohn and Leonoff, 
1972) included air photo study and surficial map generation 
(scale of I :3 I 680) a,s well as an interpre?ation of borehole 
drilling results from Witches Brook, east of the present mine 
area (Figure 4-4-2). More recently, Colder Associates Ltd. 
(1992) drilled a 245metre hole in the valley floor north of 
the Highland Valley Copper mine. One other recent sutficial 
study completed near the mine area is that of Clague (1988) 
who examined tephrd and organic remains exposed in sedi- 
ments of McNaughton Lake which was drained and 
trenched in early 1985 to allow for mine expansion 
(Figure 4-4-2). 

BEDROCKGEOLOGY 
The Valley orebody is located in the central core of the 

Late Triassic Guicbon Creek batholith. The multiphase 
intrusions within the batholith are progressively younger 
from the border to the core. The core, or Bethsnida phase, is 
a coarse porphyritic granodiorite (Figure 4-4-3). The main 
alteration types are xgillic, potassic and sericitic. The cop- 
per sulphides are bornite and chalcopyrite. In the central 
part of the orebody bomite:chelcopyrite ratios arc 3: I and 
decrease away from the core to the fringes. Bornite and 
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Figure 4-4-3. Bedrock geolog:, of the VUley J It area. Src 
text for details. 

chalcopyrite are associated with a stockwwk of quartr- 
sericite and crystalline sericite veins. The fra:ture sets iare 
related to the north-striking Lomex fault ,md the east- 
striking Highland Valley fault. The southeasl extensiw 01’ 
the orebody is terminated by the Lomex fault Drilling tl,xti~ 
indicate that the Lomex fault fomxd a 70” t a 80” eswrp-, 
merit facing east with B heigh.t of at least 280 nwtres 
Erosion and subsequent “bedrock avabmchir g” along I:he: 
escarpment deposited ore-bearing boulders i nd debris or1 
exposed Tertiary volcanics which :are down-f wlted apains~ 
the Bethsaida phase. Glaciation and general erosion havt: 
modified the escarpment C@ McMill;m, 1’176; Wa:lcne: 
cf al., 1976; Osatenko and .lore~ 1976). 

METHODS 
Surticial data and geochemicai samples we ‘e collecte! a: 

the western margin of the Valley open pit (I ?gure 4-4-2). 
Ongoing mining in this area provides access I 3 both miner,. 
alized bedrock outcrop and deep valley-fill se liments. hIin,. 
ing procedures provided ready access to xposurss o’ 
unconsolidated sediments including the det pest depwitl; 
which are directly in contact wi.th underlyin: mineralized 
outcrop. Each mining bench is ~zxactly 12.5 metres a,bow 
the underlying bench, thereby pl-oviding xc, rate pow on- 
ing and elevation data for the study. The benches ,~Iso 
provide steep faces accessible for ldetailed str Itigraphic imd 
sedimentologic analysis (Table 4-4-2). During this summet. 
the east wall of the pit provided the best exposu~rc of 
unconsolidated sediments, including evident z of the rcla- 
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tionship of the lowest sediments to the mineralized bedrock. 
Excavation depth had reached 1100 me&es above sea level, 
which provided access to a total of 13 faces for a cumulative 
vertical exposure of 162.5 metres. 

Surficial studies included detailed descriptions of the 
nature and extent of the major lithostratigraphic units and 
beds exposed in the pit faces. Characteristics described 
include types of contacts, lateral and vertical extent of units 
and beds, internal structures and bedding style, sediment 
texture, as well as clast lithologies. shape, size and fabric. 
Bulk samples were taken from major units and unique beds 
for textural analysis. Similarly, palynological samples were 
taken from nonglacial deposits for relative dating and paleo- 
ecological analysis. Samples of wood were collected for 
conventional 14C analysis. Pebble samples (100 clasts/ 
sample) were taken from representative units and beds for 
lithologic analysis. Sample provenance relative to pit face, 
elevation and lithostratigraphic unit is summarized in 
Table 4-4-2. Palynological, textural, paleomagnetic and 
radiocarbon samples have been submitted for analysis. 

Geochemical sampling was primarily directed toward 
exposures of the oldest lacustrine sediments. Ninety-six 
bulk samples (2 to 3 kg) were taken from six profiles 
exposed on the eastern face of the 1100, I I 12.5 and 1125. 
m&e benches (cJ Table 4-4-2; Figure 4-4-4). Samples were 
taken at I-metre intervals depending on access and 
exposure. Fifteen additional samples were taken at IO-mere 
intervals along a well-defined horizon within the lowest 
sequence in order to study lateral variation in lake sedi- 
ments. These samples have been sieved to 
-250+125 micron, l25+63 micron and -63 micron size 
fractions for analysis by inductively coupled plasma (ICP) 
and instrumental neutron activation (INA) analysis. The 
-63~micron fraction will also undergo a sequential partial 
extraction procedure to identify the residence sites of copper 
and other metals within the silty clay fraction. Representa- 
tive sampling of the modern lake sediments (Quiltanton 
Lake) was also undertaken. A total of 20 bulk samples were 
obtained from various horizons in the calcareous peat and 
marl-dominated modern rhythmites (Table 4-4-2). These 
samples are now in process. 

Figure 4-4-4. Schematic view of Valley pit illustrating 
location and relationship 01 geochemical profiles in 
lithostratigraphic Unit II. 

RESULTS 

STRATIGRAPHY AND SEDIMENTOLOGY 

Mapping of the unconsolidated sediments in the Valley 
pit and surrounding area resulted in the identification of 
nine lithostratigraphic units (Figure 4-4-5). Bearing in mind 
the borehole data discussed earlier, the valley-fill sediments 
probably extend to a greater depth than that described in this 
report (most likely an additional IO0 metres or more) which 
is limited to pit excavation depth. 

UNIT1 

The oldest exposed lithostratigraphic unit in the pit area 
directly overlies the mineralized granodiorite and averages 
6 to IO metres in thickness (Plate 4-4-l). This unit is 
characterized by poorly sorted, alternating beds of strongly 
oxidized, silty sand and sandy gravel. Oxidation lines 
crosscut the natural bedding planes. All beds dip steeply 
toward the valley floor. Most clasts are strongly weathered, 
subrounded to subangular and of local provenance, the basal 
part includes a gms. Occasional rip-up clasts of laminated 
silty clay beds are interspersed in the lower part of the unit. 
An unoxidized, discontinuous, gravel-supported diamicton 
with a silty sand matrix, 30 to 150 centimetres thick, and 
containing both local and exotic unstriated cl&s, occurs at 
the base of the unit in one part of the pit. Sand and gravel 
beds in the upper part of the unit interfinger with rhythmites 
and therefore grade into the overlying unit over a short 
distance (-1 m). The sediments in this unit are interpreted 
to represent in situ bedrock weathering, colluviated bed- 
rock, sand with organics and fluvial fan deposits which 
typically form on steeply inclined slopes of deep valleys. 

UNIT II 

Unit II (35 m) consists of an intercalated rhythmite 
assemblage of silty clay and clayey silt laminae and beds, 
ranging in thickness from less than 0.1 to I5 centimetres 
(Plate 4-4-2). Individual rhythmites are primarily horizon- 
tally stratified, show graded bedding and sharp, planar con- 
tacts. The lowest rhythmites drape over bedrock and 
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Figure 4-3-S. Composite smtigraphic column of Quarrr- 
nary sediments fmn the Valley pit. Highland Valley Copper 
mine, B.C. See lexl for details regarding lithoslratigraphic 
““I,\. 

deposits of Unit I. Rhythmites become progressively 
coarser and thicker up section. Localized examples of Type 
B climbing ripples were observed in one location supporting 
sandy silt bed sets 5 zentimetres thick dipping towards 120”. 
Rare dropstones with drape laminations and minor penetra- 
tive structures arc also present. Laterally discontinuous 
interbeds of massive, matrix-supported and clest-supported 
diamicton are evident and increase in thickness and fre- 
quency towards the top in the unit. Diamictons range from 
I to 35 centimetres in thickness, although one bed I.1 

metres thick was observed. A pebble fabric sample from 
one of the diamicton lenses has a trend of 169.1” and plu?ge 
of 07.3’ (SI =0.546). Charcoal fragments and fine organic! 
are conspicuous throughout the unit. Along the soul:herr 
margin of the pit, rhythmites grade into ma.1 which l’re- 
served a palrosol (A-horizon) at three locatic ns. The Ibaa: 
contact is gradational over a (distance of apl roximatcly I 
metre as estimated from intertc~ngues of rhyth nite and sane 
and gravel beds. This unit is interpreted to repn::enl 
glaciolacustrine sediments of a p!:oglacial lake environnen-~ 
(cf: Ashley, 1988). 

UNIT III 

Unit 111 consists of steeply inclined. alter Wing plaal 
crossbeds of sand and sandy graxl (Plate 4.4- !) and is u:~ to 
25 metres thick. Beds dip at angles awragi Ig 25” to 38” 
toward 145” to 180” on the northeast side <f the pit ant. 
toward 25” to 60” on the soutbe;lst side of th: pit. Matrix.. 
supported beds of gravelly sand are main1 i mediu~n to 
coarse sand with minor perwntages of peb ales sc~ttwed 
along internal bedding planes. Clast-suppc rted beds 0~’ 
sandy gravel consist mainly of granule to smal pebble-sized 
clasts with B medium to coarse sand matrix Rarer c1i.S 
supported beds with cobbles al-Id boulders upporting an 
open-work structure are also evident. All types of ted:; 
average 60 centimetres in thic:kness and all {how intenal 
fining-upwards sequences (Pl;rts ‘1-4-4). Vel y rare OCIXT- 
rences of silty clay and clayey silt laminae, r ch in organic 
detritus including wood, are inrercalated wti h the coaw% 
beds. Rare boulder-sized dropstolws and discc ntinuous t’t:d!; 
of diamicton are present and increase in fre luency i:n tht: 
upper part of the unit. Fine gra: ned near the b; se, individual 
beds become progressively coarser, upward i through the 
unit. Minor normal faulting and occasional rip-up clastj ol 
laminated clay and silt blocks 11~1) 1~0 20 cm in diameter) an: 
present near the base. At one location, evid, :nce for local 
glaciotectonic deformation w~.s observed, The stt:q~l!~ 
inclined beds change to a curvilinear form at their blse, 
resulting in low-angle tangential contacts wit I the uncler~ly. 
ing sediments. The basal contact is, therefor 3, gradational 
over a few tens of centimetres with the rhytt mically Ii unit 
nated sediments of Unit II. This unit is interp eted to rr:re 
sent a foreset bed complex formed by a series of progradini: 
coalescing delta fronts (cj: McPherson ef al.; 1987). 

UNIT IV 

Unit IV consists of up to 55 metres of poo! ly sorted rand 
and gravel beds interbedded ,with poorly stl atified mxri:( 
and clast-supported diamicton (Plate 4-4-5). 5 ilty sand tedi 
alternate with sandy gravel lenses, both extr :mes showin:: 
variable contacts, gradation and sorting. Gra it+dominateqi 
beds up to 2 metres thick are rar~z, most beds md lenser ar,: 
less than I metre thick. Oxasional dropaones, up tl) 
17 centimetres in diameter, an: present in the sandy l;~),ers. 
Contacts between sand and gmwl beds and c iamicton beds 
are irregular, wavy and sharp. One mat ,ix-supporterj 
diamicton bed is up to I5 metres thick, xedominzntl y 
comprising a silty sand matrix (Face 5). This particular be.j 
had a pebble fabric sample trending 183.1” and plun,gin: 
I I .2” (S I =0.560). A thinner diamicton bed t igher (Fact: i) 
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Plate 4-4. I. View of fractured bedrock (A) and lilhostraligraphic units (I) and (II: 
of Valley pit excavation, Highland Valley Copper mine, British Columbia. Exposurr 
metros high. Pebbly diamicton at top of photo is modern road fill CR). Unit I is interp 
slope wash and grus. 

, at base 
is 12.5 

reted as 

Plate 4-4-2. View of rhylhmire sequence in 
lithostratigraphic Unit II consisting of allernaring beds of 
silty clay and clayey silt. Pick for scale is 65 cemimetrcs 
long. Arrow points to group of discontinuous matrix- 
supported beds. Unit is interpreted fo rrprrscnt 
glaciolacustrine sediments. 



Plate 4-4-3. View of steeply inclined, alternating planar crossheds of sand an<4 sandy 
gravel of lithostratigraphic Unit 111 interpreted as fan-delta accumulation (A). Note trm:iition 
into underlying rhythmitr sequence (B). 

Plate 4-4-4 View of cuxm hrds in foreset complex of Unit 111. Shovel for :;c,tle. 
Note Cininp-upwards sequences in the beds and diffuse over-sized clasts. 

Gro/o,qical Fieldwork 1992, Pqw IYY3-I ,433 



Plate 4-4-5. View of poorly sorted sand and gravel hcds interbedded with poorly 
stratified matrix and clast-swooned diamictons. Unit is interpreted as subaqueous outwash 

11 

and debris flaw deposits. 

in the unit had a pebble fabric trending 163.9” and plunging 
Il.5” (SI =0.71 I). Clasts in all of the diamictons range in 
size from granules to boulders (<I m in diameter). are 
angular to subrounded and are of mixed lithologies. This 
unit is interpreted as representing outwash deposits in a 
proglacial and subglacial environment (cf Miall, 1977) and 
resedimented debris-flow accumulations in a subaqueous 
environment (cf: Eyles er al., 1987). 

UNIT V 

This discontinuous unit consists of up to 10 metres of 
intercalated beds of sand and gravel. The dominant beds are 
moderately well sorted, stratified sandy silt and silty sand, 
ranging in thickness from 2 to 40 centimetres. The upper 
sand beds contain rare, over-sired clasts and thin (< I5 cm 
thick) discontinuous lenses of matrix-supported diamicton. 
Clast-supported deposits are poorly sorted, pebbly cobble 
gravel beds, with openwork structure near their base. Many 
beds show internal grading. Inter-bed contacts are all sharp. 
Crossbeds dip regularly in variable directions, for example, 
up to 16” towards 90” and 15” towards 185”. The upper 
contact of this unit is indeterminate to truncated. The lower 
contact is sharp, erosive and curvilinear into the underlying 
sediments. The deposits in this unit are interpreted to repre- 
sent subglacial outwash facies of an actively advancing ice 
mass (cfi Miall, 1977). 

UNIT VI 

Unit VI consists of up to 25 metres of diamicton beds, 
intercalated with isolated lenses of sand and gravel. Lenses 
are primarily stratified coarse sand and pebbly granules. 
Crossbedding in the lenses dips on average 22” towards 
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235”. Fine-textured horizons are discontinuous and less than 
IO centimetres thick. Most of the unit is a massive to poorly 
stratified, matrix-supported diamicton. This poorly sorted 
deposit has a silty sand matrix, very low stone content 
(maximum clast diameter 0.7 m). and is relatively dense and 
compact. Clasts are subangular to subrounded. Rare pockets 
of sorted sand are present. A pebble fabric sample from the 
diamicton provided a trend of 305.7’ and plunge of 05.9” 
(SI =0.523). Sandy interbeds support rafted diamicton rip- 
up clasts. Near the base of the unit, pebbles in a diamicton 
bed were measured and observed to have a strong 
(Sl=O.835) fabric trending 139.6” and plunging 12.1” 
(Table 4-4-4). Where visible, pan of this unit rests directly 
on bedrock, and the remaining pan sharply overlies and 
truncates the lower sand and gravel unit. This unit is inter- 
preted to represent a basal till accumulation (c$ Dreimanis, 
1988). 

UNIT VII 

Unit VIII consists of approximately 33 mews of strat- 
ified sand, gravel and diamicton. The lower part of the unit 
contains beds of massive diamicton, ranging from 0.2 to 
4 metres in thickness, separated by silt and tine sand beds 
averaging 50 centimetres in thickness (ranging from 15 to 
100 cm) and 5 metres in length. Pebble fabric data from the 
lower diamictons provide a trend of 19.6’ and plunge of 
13.3’ (SI =0.742). Rare over-sized clasts are present in the 
sandy beds. The diamicton beds are massive to stratified, 
poorly sorted, with a silty sand matrix, and rare clasts which 
are predominantly subangular to subrounded pebble to boul- 
der size. The predominance of stratified sandy horizons 
(beds up to 2 m thick) increases in the middle part of the 
unit (Face 12) where beds are laterally extensive and contin- 



uous for distances of hundreds of metres. In the upper pan 
of the unit, the diamicton beds show greater stratification 
and lack obvious sand interbeds. One of the uppermost 
diamictons has a pebble fabric trending 24.8” and plunging 
I I .3” (Sl=O.X53). Rare sand and gravel cut-and-fill struc- 
tures, up to 2 metres thick with crossbedding dipping 14” 
towards 04.5”. are present in the uppermost exposures 
(Face 13). The lower contact of this unit is gradational with 
the underlying deposits over several metres. These sedi- 
ments are interpreted to represent various depositional 
facies of a supraglacial environment (cf. Eyles, 1979). 

UNIT VIII 

This unit is a thin (--6 m thick), disrupted and complex 
assemblage of stratified sand, gravel and diamicton beds. 
Sandy to pebbly cobble layers are interbedded with diamic- 
ton beds (30 to 300 cm thick) near the base as a lateral facies 
change. These lower diamicton provided a pebble fabric 
sample trending 142.6” and plunging 16.1” (Sl=O.657). 
Higher up the section, the gravel beds alternate with discon- 
tinuous lenses and beds of pebbly sand which contain rare 
over-sized clasts. The finer textured beds show both planar 
and trough crossbedding dipping 20” towards 120” and I IQ 
towards -~YO”. Clasts are predominantly rounded to sub- 
rounded throughout the unit. The basal contact is inclined, 
sharp and erosive to transitional with intertonguing of beds. 
The unit locally shows a gradual fining-upwards sequence. 
This unit is interpreted as representing deposits associated 
with in situ ice decay in a braided stream environment C$ 
Ashley er al., 1985). 

UNIT IX 

Unit Xl is conf~ined to the recently drained lakes. 
Deposits consist of subhorizontally stratified sand and marl 
and interbeds of peat and bryophytes. Freshwater shells 
were observed throughout the unit, but those at the base 
provided a date of Y600?70 years BP (TO-21.5). The unit 
represents a Holocene lacustrine accumulation which 
formed shortly after deglaciation and stayed in existence 
until the lake was drained in 1985. 

GEOCHRONOLOGY 

Several specimens of wood and mollusc shell were col- 
lected from Units II and III and submitted for 14C dating. 
Previous chronologlc control at the Inine site has been 
obtained from wood samples collected by S. Daly (High- 
land Valley Copper ILtd.) from the base of Unit II. Resultant 
dates on the Picra specimens submitted by him are greater 
than 44 450 years BP (Beta-47216) and greeter than 45 070 
years BP (B&-4X735). The dates imply that the 
glaciolacustrine sediments are mid-Wisconsinan or older in 
age. Absolute dates are necessary to confirm the 
chronostratigraphy. 

PALEOECOLOCY 
Wood, shells and organic sediments collected by S. Daly 

have been analyred previously. Wood submitted for ‘4C 
dating (.we above) has been identified as P&u sp. (spruce: 
H. Jett, personal communication to S. Daly, 2X October, 

TABLE 4.,4-3 
HIGHLAND VALLEY COPIWR IMINE P”1.I.E 4 SPECTHlr 

TAXA FREC ‘UENCY 

Picea sp. (Spruce) 
Pinus (white pine) it3 
Pinus contorta (Lodgepole pine) 
Pinus sp. (species indetenm.) 5: 
Abies sp. (Fii) 5 
Behh sp. (Birch) 3 
Alms sp. (Alder) 2 
Salti sp. (wiiow) 1 
Graminae (Grasses) 13 
Tubuliflorae 1 
Arfemisia (Sage) 91 
Chenopodiineae (Chenopods) 3 
Unidentified 1 

Lfrom H. Jettk, personal communication) 

1991). Mollusc shell fragments were identi~ ied as fwsh- 
water gastropod and bivalve fr,qments (J. Toppin, persona 
communication to H. Jett, 22 Ocl:ober, 1991). Pollen an;tly 
sis of a single organic bulk sample contained high pexcnt- 
ages of Artr,nisia (sage), Pierr (spruce) and Pinrrs (pine: 
(Table 4-4-3). The environmeint at the time :>f deposilior 
was interpreted to have been dry and cooler then prexnt, 
with grasses and sagebrush in the valley bottoms ,mc 
spruce, pine and fir on the slopes. The ilssem blage is “bar- 
ginally similar to pollen spectra from Meadow Creek (about 
280 kilometres due east) where Besserte se~liments nwe 
dated at 41 8OO-t600 years BP t,GSC-716: Alley ei’ <I/., 
1986). 

DISCUSSION AND CONCLUSIOPIS 
The purpose of this paper wa!; to review t K 1992 #d.ift,. 

exploration program field activities at the Valley pit 01’ 
Highland Valley Copper mine and detail the stratigrqhk 
and sedimentologic data now available. .4ncil. ary result: or 
paleoecology, geochronology and geochemist ‘y await :labo- 
ratory analysis. Given the results of this stud! and thaw 01‘ 
previous publications, an interpretation ca 1 be offfret: 
regarding the Quaternary history and environn tents of depose 
sition in and near the Highland Valley. 
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Ice-flow patterns in south-central British Columbia sug- 
gest that an ice-divide may have existed some 150 kilo- 
metres to the north-northwest of Highland Valley during the 
last glaciation (Ryder rf u/., 1991). During the final glacia- 
tion, ice-flow directions, as interpreted from large-scale 
ground features (drumlins, drumlinoid ridges, etc.), indicate 
a regional flow toward the south-southeast (Fulton, 1975). 
This orientation is confirmed by pebble fabrics from the 
diamictons in the Valley pit. Fabrics are variable in the light 
of differing genesis, however, sediments interpreted as till 
deposits agree with a depositional direction toward the 
southeast. We further infer that, ice thickness over the study 
area may have been 1000 metres or more during the last 
glaciation and probably much thicker during earlier glacia- 
tions. given ice-limit indications of 2000 metres elevation 
south of Merritt and 2500 metres west of the Thompson 
River and Fraser River confluence. 

Pre-Late Wisconsinan glaciation(s) may have signifi- 
cantly eroded and overdeepened Highland Valley without 
leaving depositional evidence of the event (see Mullins 
rr al., 1990, for a discussion of glacially overdeepened 
valleys and lakes in the southern Interior). During the mid- 
Wisconsinan, Highland Valley may have supported small 
streams or a river at a depth considerably below the modern 
surface (>250 m below modern surface). At the start of the 
Late Wisconsinan, ice present to the northwest would have 
resulted in increased water flow through the valley. Ice most 
likely filled the Guichon Creek valley to the east first, 

locally damming Highland Valley and resulting in the for- 
mation of a large and deep glaciolacustrine sequence. As ice 
advanced from the northwest, a prograding fan-delta com- 
plex developed leaving foreset and topset bed deposits. Ice 
eventually overrode the area leaving behind a discontinuous 
till sheet. As ice retreated from the area at the end of the 
Late Wisconsinan, a variety of glacigenic sediments 
accumulated in the valley and along its slopes, including 
subaqueous sediment gravity-flow deposits, outwash and 
ablation till. Further retreat of the ice resulted in the incision 
of preexisting valley-fill sediments and deposition of distal 
outwash deposits. These deposits were eventually covered 
by local lake sediments which developed in depressions 
previously occupied by stagnating ice blocks. 

DRIFT PROSPECTING IMPLICATIONS 
Three issues pertinent to drift prospecting arise from the 

observations reviewed in this report First, it is axiomatic 
that most glacially eroded valleys parallel preglacial fea- 
tures which in turn owe their existence to tectonic events 
such as large-scale faulting. 

Second, the exceptional thickness of valley-fill sediments 
documented in Highland Valley indicates a configuration 
exists which mimics the overdeepened lakes of the southern 
Interior Plateau. We know that large lakes such as Kam- 
loops, Okanagan and Shuswap, as well as several others in 
the region, occupy structurally controlled valleys which 
were glacially eroded to depths exceeding 400 metres below 
the present surface (Mullins er al.. 1990). Highland Valley 
provides another example of this pattern, differing only in 
that it does not support an active lake environment but is 
instead filled with a complex sequence of glacial and non- 
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glacial sediments. It is reasonable to suggest that most of the 
glaciated valleys in the region are similar insofar as they are 
probably overdeepened and now filled with complex 
Quaternary deposits. In the immediate vicinity of Highland 
Valley, this could include Pimainus Lakes valley, Guichon 
Creek valley and Nicola valley. The near-surface sediments 
in these valleys likely bear little resemblance (genetically or 
geochemically) to the underlying surficial deposits and bed- 
rock. Finally, one can expect drilling costs to be high 
considering the potentially thick accumulation of sediment. 

Third, most of the valley-fill sediments in the Highland 
Valley consist of glaciolacustrine deposits, a characteristic 
shared by the large lakes listed above and a feature probably 
typifying other valleys. We anticipate the results of our 
geochemical study will illustrate that these ancient lake 
sediments do indeed provide a reliable sampling medium 
for exploration. As such, we suggest that exploration strat- 
egies in the valleys sample lake sediments which are present 
at depth beneath the uppermost glacial sediment cover. 

ACKNOWLEDGMENTS 
The authors appreciate the able assistance of Colleen 

Bauer and Tracy Delaney in collecting field data. Sean Daly 
and Nelson Holowachuk provided assistance at the mine. 
Ron Arksey provided assistance with assessment reports. 
The manuscript benefited considerably from the editorial 
improvements proposed by Paul Matysek and John Newell. 

REFERENCES 
Alley, N.F., Valentine, K.W.G. and Fulton, R.J. (1986): Paleo- 

climatic Implications of Middle Wisconsinan Pollen and a 
Paleosol from the Purcell Trench, South Central British 
Columbia; Canadian Journal of&anh Scirnr~s, Volume 23, 
pages 1156-1168. 

Ashley, G.M. (1988): Classification of Glaciolacustrine Sedi- 
ments; in Genetic Classification of Glacigrnic Deposits, 
Goldthwait, R.P. and Matsch, C.L., Editors, A..4. Balkrma. 
Rotterdam, pages 243.260. 

Ashtcy. GM., Shaw, 1. and Smith, N.D. (1985): Glacial Sedimen- 
tary Environments: Socie& of P&onr&gi.~rs and Minrroln- 
gists, Tulsa, Oklahoma, Short Course No. 16, 246 pages. 

Church, M. and Ryder, J.M. (1972): Paraglacial Sedimentation: A 
Consideration of Fluvial Processes Conditioned by Glacia- 
tion; Geolrqiciicrrl Swie9 qf America, Bulletin, Volume 83, 
pages 3059.3072. 

Clague, 1.1. (19%): Holocene Sediments at McNaughton Lake, 
British Columbia; in Current Research, Part E, Gru/o@al 
Surrq of Cmnd<,, Paper 88.IE, pages 79-83. 

Cook, S.1. (1993): Preliminary Report on Lake-sediment Studies in 
the Northern Interior Plateau, Central British Columbia (93C. 
E, F. K. L): in Geological Fieldwork 1992, Grant, B. and 
Newell, J.M., Editors, B.C. Minis+ qf Energy, Minor and 
Pewoleum Resources. Paper 1993-t. this volunx 

Dreimanis, A. (1988): Tills: Their Genetic Terminology and Clas- 
sification; in Genetic Classification of Glacigenic Deposits, 
Goldthwait. R.P. and Matsch. C.L., Editors, A..4. Bulhrma, 
Rotterdam, pages 17.83. 

Evans, S.G. and Buchanan, R.G. (1976): Some Aspects of Natural 
Slope Stability in Silt Deposits near Kamloops, British 
Columbia; in Proceedings, 29rh Canadkn Grofechniuzl Con- 
,jiwwe. Session 4, pages I-32. 



Eyles, N. (1979): Facie\ of Supraglacial Sedimentation on Irelsn- 
die and Alpine Temperate Glaciers; Canodion Journnl of 
Earrh Scirncrs. Volume 16. pages 1341-1361. 

Eyles, N., Clark, B.M. and Cleguc, J.J. (19X7): Coarse-grained 
Sediment Gravity Flow Facics in a Large Supraglacial Lake; 
Srdimrnrolr,,q, Ullume 34, pages 193.216. 

Fulton. R.J. (1967): Deglaciation Studies in the Kamloops Region. 
an Area of Modemte Relief. British Columbia: Guok,$ol 
Sunv,- of Curmd~r,, Bullctiu I S4, 36 pages. 

Fulton. R.J. (1969): Glacial Lake History. Southern Interior 
Plateau, British Columbia; Geolo:icul Surw~ of Cwvxi~~, 
Paper 69.37, I4 pages. 

Fulton, R.J. (197.5): Quatcmary Geology and Gcomorphology, 
N&la-Vernon Area, British Columbia (82L WI/2 and 921 
El/2): G~olo&zl Suree? of Cmndm Memoir 3X0, SO pages. 

Fulton, R.J. (1991): A Conceptual Model for Growth and Decay 01 
the Cordilleran Ice Sheer; G&,jirqhi~~ N Phwiyue PI Quatur- 
mire, Volume 45. Number 3. pages 281-2X6. 

Fulton, R.J. and Smith. G.W. (I 978): Lare P&tocene Stratigraphy 
of South-central British Columbia; Cmudirrn Jnurnnl of 
Earth Scienws, V5lumc IS, pages 971.~YXO. 

Fullon, R.J., Irving. E. and Wheadon, P.M. t 1992): Stratigraphy 
and Palcomagnetism of Bruhncs and Matuyama (>790 ka) 
Quaternary Depwits at Merritt. British Columbia; Cmrrdion 
Jmmal of Enrth Scimrer, Volumr ?Y, pages 76.92. 

Giles, T.R. and Kerr, D.E. (1993): Surficial geology in the 
Chilanko Forks and Chetacul Areas (93CII. Xj; ;tt Geological 
Fieldwork 15192. Grant, B. and Newell. J.M.. Editors, B.C. 
Ministry of Enrr$c Miner and Pr~trolram Re.wurcrr, Paper 
1993-l. this volume. 

Colder Associates Ltd. (1992): A Review <of the Valley Pit, East 
Wall Overburden Slope Design Criteria: GO/~/H A.w~&tr.r 
Ltd., Vancouver, Kepon No. Y22-1409. 

Kerr, D.E. and Bobrowsky. P.T. (I99 I): Quaternary Geology and 
Drift Exploration iat Mount Milligan (!13N/IE, 930/4W) and 
Johnny Mountain (104B/6E, 7W. IOW. 1 IE). British Colum- 
bia; in Exploration in British Columbia 1990, Pan B, B.C. 
Ministry of Energy Miner and Pc?mrlrum Resources. pages 
135-152. 

McMillan, W.J. (IY7hi: Geology and Genesis of the Highland 
Valley Ore Deposits and the Guichon Creek Batholith: in 
Porphyry Deposits of the Canadian Cordillem, Sutherland 

Brown, A.. Editor, C<,,wd&z lnrrirr,,~~ nf Mini ,,q md Mr I,,- 
/ur,q?, Special Volume IS. page5 X5-104. 

McPherson, J.G., Shanmugam. G. artd Moiola. R.!. (19X7): Fn 
deltas and Braid Deltas: Varieties of Coxse-5 rained Del ;as: 
Gcologicnl Society of Amt~rtca. Bulletin. Volume 99. 
pages 371-340. 

Miall. A.D. (1977): A Review of th: Braided-riwr Depositirnel 
Environment; Earth Scimcc Rn’iuw, Volume 3, p;lges 1.62. 

Mullins, H.T., Eyles, N. and Hinchley, E:.J. (I!)L)O): 5 eismic Rff ec- 
tion Investigation of Kalanralka Lake: a “Fion Lake” on the 
Interior Plateau of Southern British Colum bia: Cuwoinn 

J~urnrrl of Ewrh SGncu.s. Vrtlume 21, pages I225- 123~5. 

Osatenko. M.J. and Jones, M.B. (lY76): Valley C rpper: in I%r- 
phyry Deposits of the Car&ion Cordilleia, Sutherlrnd 
Brown. A., Editor, Cunrrdinu Irwriraru ,,f Mb, tzfi und &;‘<,,!,I- 
lurgy, Special Volume IS, pe;;es IX-143. 

Proudfoot, D.N. (1993): Drift Enploration and Surfi, ial Geolopf of 
the Clusko River and Toil Mountain Map Shet 1s (93C/ld : it) 
Geological Fieldwork 1992. Gr;nt, B. and Ne,,ell. J.M.. Edi- 
tors, H.C. Mitrisrr? of Energ!: Mines u Id Purrolt~,r,t, 
Ru.wurcr.s, Paper 1993. I, thi!; \oIume. 

Ripley, Klohn and Leonoff (1972): J.4. Mine Fe tsibility St~t;ly 
Groundwater Conlrol. Wsstc Dump De\@. Highway :mc 
Witches Brook Relocation: report submittcc to R~~~~/Y.IPII 
Cop,w,- Corp.. Report VA 16S.5. 

Ryder, J.M.. Fulton. R.J. and Clague. J.J. (1991): “he Cordill~xm 
Ice Sheet and the Glacial Gt:omorphology o Southern xx 
Central British Columbia: GP<r~rophir~ J+r\rr hue er @u ICI~ 
nrrirr. Volume 45. Number 3, pages 365.377. 

Sibbick, S.J.. Rebagliati, C.M., Copcland, D.J. md Lell, ?..E. 
(1992): Soil Geochemistry of the Kemcss : outh Por,?byr! 
Gold-Copper Deposit 19JEi2E); in Geolog cal Fieldv,srl: 
199 I, Grant, B. and Newell, J.M.. Editors. E .C. Minisrrr ,I/ 

Enqv Miwr rrnd P<vml,lua,~t Rrsounrs. Paper I%!- I 
pages, 349.36 I. 

Sutherland Brown, A.. Editor. (1’376): Porphyry deposits 01 the 
Canadian Cordillera: Cmadim Imrirure r!fMi ~irr,~ mdMm/~ 
lures. Special Volume IS. 5 IO pages. 

Waldner. M.W.. Smith, G.D. and Willis, R.O. (1416): Loroe{; ;,I 
Porphyry Deposits of the Cawiian Cordill :ra. Sutherland 
Brown, A., Editor, Cnnodinr I.rrrinrru gf Mi, itrg md Mm/- 
/q?, Special Volume IS. p;tgi:s 120. I2Y. 

Geological Fieldwork IYY2. Paper IYY.?-I 



-- 

NOTES 


