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FOREWORD 

Geological Fieldwork: A Summary of Field Activities and Current Research, the 1995 edition, is the twer ty-first in thi:; 
nnnual publication series. It contains reports on Geological Survey Branch activities and projects during the ?ast year. l‘ht: 
base budget of the Branch for the 1995/96 fiscal year is $5.8 million, an increase of4.7% from the: previous ye:.r. This budget 
has been supplemented by an additional $1.07 million, made up of $720 Ooo from the last year of the curreat federal-pro- 
vincial Mineral lZevelopment Agreement and $350 000 under the Mineral Potential Initiative: overall fumling there!~sn: 
decreased slightly from the previous year. 

As before, the contents of this year’s volume reflect the emphasis of Branch programs. The highlight this year has teen 
the initiation of the Nechako Prqject in central British Columbia. This program. an outgrowth of the Interior Plateau Project 
completed last ye:x, is a collaborative effort coordinated by the British Columbia Geological Survey Branch and the G:o- 
logical Survey of Canada. Both agencies fund component projects and the program is tinancially augmented by the CiX’:; 
National Mapping Program (NATMAP). The program will bring the geoscience database for this region, Y. hich inchide:; 
the well mineralized Skeena Arch, up to modem standards. More than fifty scientists from the federal and provi xial Suwrys, 
the Canadian Forest Service, North American, Asian and European universities, and the mineral industry, wi,lI be involwxl 
over the f&-year life of the project. More than a dozen component projects were active in 1995’. with GSB ezfforts focuwxl 
in the Babinc Lak.e area. Papers presented in this volume include reports on both bedrock and sutiicial geology mapping, 
geochemistry and an overview outlining the program objectives and progress to date. 

Previous multidisciplinaty projects on northern Vancouver Island and the southern part of the Nechako Plateau wae in 
the write-up stage this year. Results of this earlier work on the Nechako Plateau are also summariz.ed here, with more d&led 
papers to be published separately in the spring of 1996. A comphrensive summary of the nowcompleted “lapping in the 
Tatlayoko Lakes area, south of the Nechako Plateau, is also presented. 

Other major (contributions include reports on the second field season of I:50 000 mapping in the Gatags district :alonl; 
the Northern Rocky Mountain Trench and in the northern Selkirk Mountains. A metallog,enic study in the Tatogga L.ake 
area, in the headwaters of the Iskut River, is also in its second year. The Red Chris copper gold deposit is the focal poim of 
this study, and was the largest exploration project in the Province in 1995. This year’s paper highlights (.ther potential 
porphyry copper targets in the district. 

On other topics, several short papers focus on specific mineral properties, including two wollastonite sk.tms prospect; 
and four other new industrial minerals targets, emphasizing the Ministry’s focus on stimulating industrial mineral develop- 
ment in the province. In this regard, one paper reports on progress towards the development of a complete inventory ol’thc 
construction aggregate resources of the province. Three other papers on aspects of British Columbia coal deposits will bl: 
of more specialized interest. The Branch continues to be much involved in seismic hazard mapping, and hei::htened public: 
awareness of the potential for a major subduction eanhquake beneath Vancouver Island or off the west coasl lends a u:osc 
of urgency to this work. One paper reports on progress largely as a result of research presently by the Geological Survey of 
Canada, quantifying the seismic risk in the Fraser Valley area of the Lower Mainland. 

An important, and time-consuming aspect of the Branch’s work over the last two years has been the Min :ral Invent,~rr 
project, now approaching completion. Assessments of mineral potential have been made available to lanc,~-use planner; 
throughout the province, and early assessments are constantly being revised; a progress report and a second pa ?er discussin;: 
aspects of the mel:hodology used in this project are presented here. 

Production o:F Geological Fieldwork to the camera-ready stage has been by in-house “desktop puh1ishir.g”. Under tb: 
general direction of the editors, authors have been responsible for the input, formatting and lay-out of their own papers. 1!X: 
cost savings achiwed are substantial and the Branch is moving quickly towards full electronic publishing and print-on-de- 
mand for all its geoscience publications. Thanks are due to John Newell for editing and to Brian Grant for guil ling the who11: 
process to completion under tight deadlines. 

W.R. Smyrh 
Chief Geologist 
Geological Surwy Branch 
Mineral Resources Division 
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NATMAP: NECHAKO PROJECT, CENTRAL BRITISH COLUMBIA 

By W.J. McMillan, British Columbia Geological Survey Branch 

and L.C. Struik, Geological Survey of Canada 

,--.-- 

KEYWORDS: NATMAP, British Columbia, multi- 
disciplinary studies, bedrock, surf%%, geochemical, 
geophysical, biostratigraphy, paleontology, GIS, multi- 
agency collaboration. 

INTRODUCTION 

The British Columbia Geological Survey Branch, and 
the Geological Survey of Canada, together with resear- 
chers in universifies and industry, have initiated a new 
geoscientitic program in central I3ritish Cohnnbia (93F, 
93K, and parts of 93G, 93L, 93M, 93N). The project is 
coordinated by both agencies, both fund component 
projects, and the program is fmancially augmented by the 
Geological Swey of Canada’s National Mapping 
Program (NATMAP). Results of bedrock and wficial 
mapping will bb: enhanced by integration of isotopic 
analytical data, paleontology studies, and geophysical and 
geochemical site studies and interpretations. Ultimately, 
all data produced will be brought together in computer- 
accessible fonnai: and made available on CD-ROM disks. 

The geological database for the cennal Canadian 
Cordillera (Figure 1) is poor. The first NATMAP 
program in British Columbia will address questions that 
will improve cur understandiig and guide mineral 
exploration: Tertiary crustal extension, Mesozoic com- 
pression and the manner of accretion of the tectonic 
terranes that underlie the area, geological and geophysical 
defmitions of the terraces, the history of plutonism, the 
nature of known mineral deposits and their controls, and 
the character and dispersion history of glacial deposits. 

More than fifty scientists from the Geological Survey 
of Canada, British Columbia Geological Survey Branch, 
Canadian Forest Service, universities in North America, 
Asia and Europe, and mining and exploration companies 
have major or “in kind” involvement in the program. 
Over five years, ,new regional and detailed geological and 
geophysical maps will be published for the Nechako 
River (93F), Fort Fraser (93K) and parts of Prince George 
(936/12,13), So&hers (93WI6), Hazelton (93IWl), and 
Manson River (93N/4,5,12) map areas (Figure 1). 

The Nechako area was assigwd a high priority for 
new mapping by the GSCIBCGSB cooperation committee 
(Tempehnan-Kluit and Matysek, 1994). Selection of the 
area was sanctioned by the industry liaison committees of 
both organizations, and by the local mineral industry. 
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NECHAKO NATMAP OBJECTIVFS 

The study will test the hypothesis that the Eocer.e 
volcanic complex in central British Cohm bia represents 
the tectonic/magmatic expression of an Ewene rq::onzd 
extensional event (Figure 2; Slndk, 1994). Understsndiig 
the regional Eocene tectonics, and :he sbuctor%l 
relationships of the upper and lower plates of ti.e 
extension complex, will help us nndentaml the potentizxl 
for epithetma precious metal deposits hat could t#e 
associated with the contact zone between the upper and 
lower plates, and to determine the complex history of 
plutonic events with their potential for new intrwion- 
related copper-gold and molybdenum dep~osita. Tlx zart:a 
will also be evaluated for its potential to Ihost 
volcanogenic massive sulphide deposits aof the K:rr:cf o 
type. 

Some steps to attain these objectives in:lude: 

Bringing obsolete 1:250 OOO-scale geological maps 
to modem standards (existing maps are basal cn 
fieldwork from the 1940s and 1950s). Revised maps 
will include bedrock maps for the Babiie porphyry 
belt, 93F and 93K, and sticial naps for the 
porphyry belt and 93F. 
Unraveling the Triassic-Jurassic volcanic arc 
sequence of the Skeena Arch by studyirg 
stratigraphy, plutonic character, tector;ic history ar;d 
rock distribution, and the copper-gold associations 
seen so clearly in surrounding area:. More metal 
production has come from Jurassic mineral dr!Fosita 
in British Columbia than Tom deposils of any I&X 
age. 

Determining the tectonic histories of 1,x three major 
terraces of the area and testing the hypothesis tins: the 
boundary between Stikina and Cache Creek ten:mt:s 
is a regional thrust fault like the >,ahlin fault in 
northern British Columbia. 

Determining changes in the regional IPleistocene ice 
flow directions through time in centwl British Ccl- 
wnbia, where we know ice sheets fom three dif- 
ferent directions coalesced (Plouffe, 1!195). Retrf::at >f 
these ice sheets left much of the aT,:a covered by 
unconsolidated glacial deposits. Ice flow information 
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1: Location of the Nechako NATMAP project area Tectonic boundaries after Wheeler and McFeeley, (1991). 

is very important in drift prospecting, in under- 
standig chemical dispersion patterns, and in tracing 
lithologic units through covered areas during regional 
bedrock mapping. 

The metallogeny of the region can only be 
interpreted through a knowledge of the nature of the 
overprinting sod coincident T&&J tectonic history. 
Answering the fondamental geological questions will 
require a broad range of expertise and techniques because 
bedrock exposure in central British Columbia is poor. 
Further, the prospective Mesozoic and Eocene bedrock 
often is covered by either local younger Tertiary plateau 
basalts or extensive Quaternary deposits. 

Geoscientific studies planned include: 

l Mapping the bedrock and swficial geology at scales 
appropriate to the problems being tackled. This will 
be done through coordinated research by a team of 
experts applying a broad range of techniques to 
resolve each problem. 

l Mapping the surf&l geology to determine the 
glacial history. Till geochemistry and heavy mineral 
content, combined with measurements of ice flow 
directions will be used to trace hidden bedrock 
litbologies and indicate potential mineralized areas. 

4 British Columbia Geological Suwey Branch 



. Interpreting the aeromagnetic and gravity data to l 

trace units beneath the cover rocks, to map 
subsurface shuctwes, and to improve interpretations 
of geology based on mapping of exposed rock. 

. Conducting image analysis of satellite spectral and l 

radar data to provide information on the regional 
distribution of lithologies, structures and lineaments. 

. Conducting radiometric surveys to assist in the 
differentiation of plutonic units directly through their l 

exposed chemical signature and indirectly through 
their distributed chemical signature in the suficial 
sediments, and also to locate areas of hydrothermal 

Carrying out local gravity and e ectromagaetlc 
surveys to assist in the delineation aof geolo$czd 
struchxes to depth and to test-region,%1 geophyr.iwl 
models. 

Determining paleomagnetic orientatior~s for suiitI:s of 
rocks to assist in determining offst,ts on t~m-me 
contacts and to test for structural rota:ions that 1m2.y 
have accompanied Eocene: extension. 

Conducting seismic P-wave crustal studies 3s a 
relatively inexpensive ‘way to m.~p the thh.d 
dimension. This information is needed to solw the 
contact relationships of the Cache Cret:k Terrace, ard 
to determine the s&uctwal chamzteristics and 
geometry of the Eocene extension ccmplex and its 
upper plate. 

Isotopic dating of all plutonic suites arid 
characterizing them chemically to relate them to 
tectonic events. These data wi,II aid &Ad 
identification and clarsifkation of the +tonic !xlitex 

Increasing paleontological control its the are.3 by 
supporting GSC and university research ad 
determinations, and by providing contracls far 
identification of radiolzriao and fusuliiid fauna. 
Biostratigraphic age controls are needed to ~clarify 
internal stmch~ral relationships in tbt, Cache Creek 
and Stikiie terranes. 
Collating all the data, using comput::r technology, 
into GIS databases that will permit i,ntegmtioc aud 
fusion of geoscience information into :hematic rqs. 
Providing these datasets to involved researcher:: and 
clients, in a simple, easily used forma :, to encourage 
analysis of interrelationships of the g,eoscience data 
layers. 

This research will be published as a series of coa?s 
and reports, and as digital databases (Figure 3). We pl;lo 
to interpret the various data from the I:apectiw:s of 
environmental impact and landuse value,, to make this 
pertinent information more widely accessB:le. 

OVERVIEW OF RESULTS TO DATE 

BEDROCKMAPPING: BCGSB-GSC- 
UNIVERSITY- INDUSTRY COLLABORATWJN 

Figure 2: Relationship of the study area to the EOCUI~ tStOniC 
fabric of the Ncntb American Cordillera Shaded areas ae 
metamorphic ccre complexes. 

Don MacIntyre, Ian Webster and Kim Bellefinrtaine 
of BCGSB, with the assistance of sunmur student John 
Bryant, completed 150 000..scale geolqic mapping of 
NTS map-sheet 93U16 (MacIntyre et al., 1996; Figure 3, 
D). Significant revisions were made to Cart& 1973 
Preliminary Map 12 which was tbe only pub:.i.shed 
geology map of the porphyry belt t:,ther than lhe 
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Figure 3: Location of various Nechako NATMAP subprojects active during 1995. Letters are referenced in the text: A. Hun&y et ai. 
fBCGSB, UNB); B. Pl~~ffe (GSC); C. Levson (BCGSB); D. McIntyre et al. (BCGSB); E. Schiaim (BCGSB); F. S&k et 01. 

(GSC); G. Wethemp and Stiik (u& GSC); H. Diakow el al. (BCGSB, GSC); I. Lowe and Seeman (GSC); J. Shives (GSC); K. E&in 
(GSC); L. Cordey (COMIM to GSC); M. Orchard (GSC). Note that not all the projects have publishable results at this early stage in the 

program. 
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1:250 OOO-scale GSC Open File maps (Tipper and 
Richards, 1976). Carter’s geology was placed into a 
modem stratigraphic framework. Samples were collected 
for radiometric dating, by Mike Villeneuve of the GSC 
and this information will help to further refme the 
geology of the area. Several new epithermal systems were 
located and these appear to be related to either Early 
Jurassic or post-Eocene hydrothermal events. A 
stmtigraphy was developed for the Eocene Newman 
voicanics, the extrusive equivalents of the Babine 
intrusions. Emplacement of porphyries and related 
extrusive activity appears to predate tic main episode of 
Eocene extensional faulting in the area. Mapping in 1996 
will move northward into NTS map-sheet 93Mil. 

Paul Schiarizza (BCGSB) spent eight days examining 
the geology east of Takla Lake (93Ni5, 12, 13) in 
preparation for a geological mapping program that is 
planned for the area in subsequent years. This project will 
concentrate on metavolcanic and metasedimentary rocks 
of the Sitlika assemblage, with the goal of developing an 
internal stratigraphy and assessing its potential to host 
volcanogenic massive: sulphide (VMS) deposits. The 
project will establish the relationships between the Sit&a 
assemblage and adjacent rocks of the Cache Creek 
Terrace. It will also test the hypothesis that the Sitlika 
assemblage is a fault-offset correlative of the Kutcho 
Formation, which hnsts the Kutcho VMS deposit in 
northern British Columbia. 

Bert Struik (GSC) and a crew of three university 
students conducted b&ock mapping of the Vanderhoof 
Gneiss Complex (936/12,13 and parts of 93IU5,6 and 11) 
(Wethemp and SIn& 1996) and began work in the Fort 
Fraser map area (93K) near Fort St. James (Stmik ef al., 
1996:). The Vanderhcmof orthogneisses and paragneisses 
are clearly in fault contact with overlying ultmmatic rocks 
of the Cache Creek Group. Ductile shear in the lower 
plate gneisses increases toward the contact, and upper 
plate shear at the contact consists of a narrow zone of 
brittle gouge. On the: eastern side of the complex the 
upper plate motion was down to the east southeast. 
Wetherop will be continuing studies of these rocks in the 
Masters program at the University of Alberta under the 
supervision of Phillips Erdmer. Brian Traub mapped the 
area of metamorphic lacks of soutbem Babine Lake for a 
Bachelor’s thesis project, also under the guidance of 
Phillipe Erdmer. This work expands the reconnaissance 
conducted by St&k and Erdmer (1990). 

BIOSTRQTIGR4PHCSTUDIES: BCGSB-GSC 
COLLABORATION 

As part of the regional mapping of the Cache Creek 
Group, contractor Fabrice Cordey :has conducted a 
research project on the radiolarian bioshatigmphy (Figure 
3, L; Cordey and Stmik, 1996). This work will assist in 
defining the age range, paleogeographic setting, 
biostratigraphy and structural framework of the Cache 
Creek Terrane in the central Canadian Cordillera. 

Preliminary results from this summer are reported by 
Stmik ef al. (1996). Cordey and Stmik (1996) used newly 
determined age relationships to locate a thrust l&lt, and 
have established that Cache Creek ribbon che1,t.s in the 
Fort St. James area were deposited throughow~ Triassic 
time. 

Larry Diakow (BCGSB). in concert wih Teny 
Poulton and Howard Tipper (GSC), spent five days 
revisiting fossil sites in the southern Nechako Plateau area 
in an effort to better constrain the ages of Lswer and 
Middle Jurassic sedimentary sequences (Figwe 3, H). 
Biostratigraphy is critically important because isotopic 
dating of interlayered bimodal volcardcs fas been 
inconclusive. This work completes a 150 t)OO-scale 
bedrock mapping program funded by the Canada British 
Columbia Mineral Development Agreement in the 
Nechako River area. We plan to expand the improved 
geological coverage provided by this project riorthward 
during the NATMAP program, into NTS mp sheets 
93F/4,5, 12 and 13. 

Mike Orchard (GSC) has brought together a database 
of existing paleontological information from the project 
area, particularly conodont fauna from the Cac:he Creek 
limestone (Orchard and Stmik 1996). 

Ed Kimma and Sharon Gardner (Placer Dome Inc.), 
Glenn Johnston (Endako Mines Limited) and Placer 
Dome Inc. contributed data from their regional g;eological 
mapping of the area around the Endako mollybdenum 
deposit, which is underlain by Mesozoic ro<:ks (93F, 
93K). The Placer Dome data are being digit,=& and 
pertinent data elements will appear in the ~ieological 
compilations for the Nechako NATMAp project 

Joe Whalen (GSC) conducted a reconnai!:sance of 
plutonic suites in the EndakoRa.ser Lake arei (93F114 
and 93W3) in preparation for mapp:ing and 
lithogeochemical studies in subsequent ye,us. Th: 
plutonic suites show a wide range of genetic ‘lypes and 
compositions. 

SURFICUL MAPPING AND GEOCHEMKXL 
SURVEYS: BCGSB-GSC-UhWERSITY 
COLLABORPTION 

Vie Levson and David Huntley :BCGSB) 
coordinated regional sorticial mapping, drift geochemical 
sampling and glacial studies in the Babiie porp nyry belt. 
They worked closely with Doctoral candi&te And,y 
Stumpf and Masters candidates Erin O’Brien am d Gordon 
Weary under the supervision of Bruce Broslsr of the 
University of New Brunswick (93M/Ol anil 93L/16; 
F&we 3, A, Huntley ef al., 1996; Stumpf ef al., 1996). 

Suriicial geology maps for these two i:reas will 
present the kids of swficial cover, landforms ice flow 
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patterns and the distribution of glacial erratics. The maps 
will be released at Cordillerao Roundup 1996. 
Geochemical results from ICP and INA analyses of some 
900 samples of basal till (800), mineralized erratics (40) 
and other sample media were collected in areas of good 
mineral potential. These will be published when data 
becomes available. Interpretation of regional p&o-ice 
flow patterns, physiogmphic controls of deposition and 
the history of glacial “Lake Babine” are in progress. 
These data will be used to interpret the geochemical 
results to aid future exploration in the area. 

Steve Cook (BCGSB) conducted follow-up studies as 
an outgrowth of MDA-supported lake geochemical 
surveys (Figure 3, C). In 1995, he and Wayne Jackaman 
(BCGSB) and Peter Friske, Martin McCurdy and Steven 
Day (GSC) carried out a regional lake sediment and water 
geochemistry survey over the northeastern part of the Fort 
Fraser map area (NTS 93IV9, 10, 15, 16). This survey is a 
contribution to the continuing objective of completing 
Regional Geochemical Survey (RGS) coverage of the 
northern interior. It was funded by the Canada British 
Columbia Mineral Development Agreement. The survey 
area also encompassed mercory deposits along the Pinchi 
fault zone, and will provide valuable regional baseline 
data for anticipated studies of naturally occurring mercoty 
in the e”viro”“le”t. 

Alain Plouffe (GSC) has compiled and published the 
surficial geology of the Fort Fraser map-sheet (93K) at 
I:100 OOO-scale (Figure 3, B). This work derives from 
mapping that was conducted under the 1991-1995 MDA 
pro-. In addition to the geological maps, Plouffe, and 
Bruce Ballamyne (GSC), have published results of 
regional till geochemical surveys for the same region. 
Those geochemical distributions are being interpreted in 
the context of the glacial flow direction history Cplouffe, 
1995). 

GEOPHYSICAL SURVEYS: GSC-BCGSB 
COLLABORATION 

Cannel Lowe (GSC) has begun interpreting existing 
gravity end aeromagnetic data (93G, 93F, 93K, 93L, 
93M, 93N). This information will be used to aid bedrock 
and sticial mapping, and to assist in interpreting the 
geology to depth. 

Rob Shives (GSC) arranged a contract airborne 
radiometric, aeromagnetic and VLF (very low l?equency 
electromagnetic) survey that covers a pluton-dominated 
area near Fraser Lake (93W3, 93F/l4) and an area south 
of the Kemano Reservoir (93F/6). Results from these 
study areas will be used to aid and accelerate mapping of 
the various plutonic suites in the two survey areas. The 
survey was flown in late September and results are 
pending. 

Randy Eokii (GSC) and Larry Dir&w (BCGSB) 
sampled rocks of the Entiako spur and Nagliko uplift for 
paleomagnetic studies of the Jurassic sequences (93F/6). 

This work will test the hypothesis that there were plate 
translations related to terrane accretion, and block 
rotations possibly related to Tertiary faulting. 

GEOCHRONOLOGY: GSC-BCGSB- 
UNmEmZTY(MDRl?l COLZABOZMTZON 

Mike Villeneuve (GSC) and Jim Mortensen (UBC, 
MDRU) conducted a reconnaissance sampling program 
for isotopic dating of igneous and metamorphic suites 
throughout the project area. This work will initially 
concentrate on defming ages for the numerous plutonic 
and extrusive suites and establishing the relationships 
between plutonism and ore generation. Villeneuve is 
coordinating the isotopic dating and has begun compiling 
existing isotopic dates for the area (93G, 93F, 93K, 93L, 
93M, 93N). This database will become part of the 
Canadian database of isotopic ages that is compiled by the 
geochronology section of the GSC. 

DIGITAL DATA/GEOGRAPHIC 
INFORM4 TION SYSTEMS: GSC- BCGSB- 
INDUSTRY COLLABORATION 

Stephen Williams (GSC) is working with Eric 
Gmky (BCGSB) and scientific staff of both 
organizations to compile existing geological, geochemical 
and geophysical data to be published on CD ROM. These 
data will be integrated with a common GIS platform. 
Initially, it will contain information relevant to the 
Quesnel Trough of north-central British Columbia, 
including map sheets 93K, 93N, 93J, 93O(SW) end 94C. 
Placer Dome Inc. is supporting digitization of their 
exploration mapping database for central British 
Columbia. Thii data will be included in future digital data 
releases. The computer information will be available in 
several formats and made accessible by sofhvare included 
on the CD ROM. In the future, data from the Interior 
Plateau (MDA) and NATMAP project areas will also be 
available in this form. 

ACKNOWLEDGMENTS 

This report is a contribution to the Nechako 
NATMAP program. We thank all those people who 
worked hard to make this project a reality and for the 
support of the Geological Survey of Canada, the British 
Columbia Geological Survey Branch and the geoscience 
community. We particularly thank Ed Kimura of Placer 
Dome and Ken Pride of Cominco for their efforts in 
making company data available to the BC NATlMAP 
projects. 

8 British Columbia Geological Survey Branch 



REFERENCES 

Carter, N. (1973): Prel:,minary Geological map of Northern 
Babine lake Area (93L/N!Z, 93M/SE); B. C. Ministry of 
Energy. Mines and Petroleum Resources, Preliminary 
Map 12. 

Cordey, F. and Struik, L.C. (1996): Radiolarian Biostratigraphy, 
Fort Fraser (93K) and Prince George (93G) Map Areas, 
Central British Columbia: Scope and Preliminary 
Results; in Currer~t Research 1996-A,, Geological Survey 
of Canada, in pre!:s. 

Hun&v. D.H.. Stunmf. A., Levson. V.M. and Broster, B.E. 
-19%. Babine F&thy& Belt Pioject: Quaternary G&logy 
and Reeional Till Geochemistrv Samoline in the Old 

Mines and Petrolturn Resources, Paper 1996-1.~ 
Maclntyre, D.G., Welwter, I.C.L. and Bellefontaine 1996. 

Babine Porphyry Belt Project: Bedrock Geology of the 
Fulton Lake Map Sheet (93L16), British Columbia; in 
Geological Fieldwork 1995, Grant, B. and Newell, I. M., 
Editors, B.C. Minishy of Energy Mines and Pefroleum 
Resources, Paper I996- I. 

Orchard, M.I. and Stmik! L.C. (11996): Concdont 
biostratigraphy, lithostmtlgraphy and correlations of the 
Pemm-Carbomferous Cache Creek Group Limestones 
Near Fort St. James, British Columbia; in Current 
Research 1996-A, Geological Suney of Canada, in 

Plo&??(l995): Glxial History of North Central British 
Columbia; in Fin:xl Program and Abstracts, Volume 20, 
Geological Association of Canada, p. A84. 

Str& L.C. (1994) Intersecting lntracratonal Tertiary 
Transform Fault Systems in the North American 
Cordillera: CanoG!ion Journal of Earth Sciences, Volume 
30, p. 1262-1274. 

Stmik, L.C. and Erdmer, P. (1990:): Metasediments, (;mnitoids, Stmik, L.C. and Erdmer, P. (1990:): Metasediments, (;mnitoids, 
and Shear Zones, Southern Babine Lake., British and Shear Zones, Southern Babine Lake., British 
Columbia; in Current Research, Part E, (;eologica! Columbia; in Current Research, Part E, (;eologica! 
Survey ofcanada, Paper 90-lE, 1,. 59-63. Survey of Canada, Paper 90-lE, 1,. 59-63. 

Struik, L.C., Floriet, C. and Cordy, F. (1996): Geol&y of the Struik, L.C., Floriet, C. and Cordy, F. (1996): Geol&y of the 
Fort St. James Area, Central British Columbia; ‘n Current Fort St. James Area, Central British Columbia; ‘n Current 
Research 1996-A, Geological Survey of C,:mada, in Research 1996-A, Geological Survey of C,:mada, in 
press. press. 

Stumpf, A.J., Huntley, D.H., Broster, B.E. and Lewon, V.M. Stumpf, A.J., Huntley, D.H., Broster, B.E. and Lewon, V.M. 
1996. Babine Porphyry 13elt Project: Deta led Drift 1996. Babine Porphyry 13elt Project: Deta led Drift 
Exploration Studies: Babinc Porphyry Belt in :he Fulton Exploration Studies: Babinc Porphyry Belt in :he Fulton 
Lake (93L/16) and Old Fort Mountain (931.116) Map Lake (93L/16) and Old Fort Mountain (931.116) Map 
Areas, British Columbia; in Geological Fieldwork 1995, Areas, British Columbia; in Geological Fieldwork 1995, 
Grant, B. and Newell, I. M., Editors, B.C. A,finisny q/ Grant, B. and Newell, I. M., Editors, B.C. A,finisny q/ 
Energy, Mines and Petroleum Resources, Paper 1996-l. Energy, Mines and Petroleum Resources, Paper 1996-l. 

Tempelman-Kluit, D. J. and Matysek, P. (1994): (.eosciena: Tempelman-Kluit, D. J. and Matysek, P. (1994): (.eosciena: 
Information Needs for the Future of British IColumbia; Information Needs for the Future of British IColumbia; 
internal repo& Geological Survey of Canada and B. C. internal repo& Geological Survey of Canada and B. C. 
Geologicai Survey Br&ch. 

Tipper, H.W. and Richards, T..4. (1976): Geolqy of the 
Smithen B Area; Geological Smvey of Cama& Open 
File 351. 

W&hemp, S. and Struik, L.C. (1996): VanderhoofMt:tamorphic 
Complex and Surrounding Rocks, Centnl British 
Columbia; in Current Research 1996-A, t,ieological 
Survey of Canada, in press. 

Wheeler, 1.0. and McFeeley, P. (1991): Tectonic A isemblage 
Map ofthe Canadian Coniillera and Adjacent l’ortions of 
the United States of America; Geological Sway qf 
Canada, Open File 1712A. 

Geological Fiela’work 199% Paper 1996-l 9 



NOTES 



BABINE PORPHYRY BELT PROJECT: BEDROCK GEOLOGY OF THE 
FULTON LAKE MAP AREA (93L/16), BRITISH COLUMBIA 

By D.G. Machtyre, I.C.L. Webster and K.A. Bellefontaine 

(British Columbia Ministry ofEnergy, Mines and Petroleum Resources contribution IO the Nechako Natioml Mop:zQng Progrrwr,~ 

KEYCYORDS: porphyq copper deposits, transtensional 
tectonics, Smhiii Group, Perma-Triassic, Telkwa 
Formation, Topley intrusions, Bulkley intrusions, 
Babine immsions, Newman volcanics, Granisle, Lennac 
Lake, Babs, Babine Lake, Fulton Lake. 

INTRODUCTION 

The Babine: porphyry belt project is part of the new 
Nechako National Mapping Program (NATMAP), a 
joint effort of the Geological Survey of Canada and the 
British Columbia Geological Survey Branch of the 
Ministry of Energy, Mines and Petroleum Resources 
(McMillan end Stmik, 1996, this volume). This is a 
multidisciplinary project with separate components for 
bedrock and surficial geology, till and silt geochemistry. 
The objective of the Babine Porphyry Belt project is to 
map the F&on Lake (93L/l6), Old Fort Mountain 
(93M/l) and Nakiilerak Lake (9:3M/8) map sheets over 
the next four years (Figure 1). This report summarizes 
the results of bedrock mapping compleled in 1995. The 
reader is cautioned that this report is very preliminary 
and is being, written without the benefit of 
paleontological identifications, radiometric age dating, 
whole-rock and trace element geochemisby or 
petrographic analysis, any of which may significantly 
change our understanding of the geology of the F&on 
Lake map sheet,, 

PROJECT DESCRIPTION 

The Babine porphyry belt is located in west-central 
British Columbia and is centred on the northern third of 
Babine Lake (Figure 1). The belt is approximately 80 
kilometres lon,g and includes twelve significant 
porphyry copper deposits and prospects including the 
Bell and Granisle past producers. The mineral potential 
of the area was ranked the fourth ‘highest of the 97 tracts 
evaluated in the Skeena-Ness mineral potential project 
@4acIntyre et a!, 1995). The estimated value of known 
in-ground mineral resources in the area is $1.96 billion 
and the value c,f past production is estimated at $1 .I3 
billion (1986 dollars). In spite of the high mineral 
potential and obvious economic significance of the area, 
the most recent published geological mapping in the 
belt was by Carter (1973). Since then there has been 
extensive logging in the area, providing new access and 

CL ‘2’ 

Figure 1. Location of the Babine Porphyry Belt pqjo:t area, 
West-central British Columbi:r Shaded arca was mapped in 
1995 and is the subject of this report. 

better bedrock exposure, especially in ar:as of extrmsive 
drift cover. This, coupled with renewed inte:r:st in 
porphyry copper deposits es an explomtion taq:ct 2nd 
the need for economic diversification in the economy of 
the area, make thii project particulay timely. It is 
hoped that new bedrock and surficial nupping, to$etler 
with regional geochemistry end airhome geophysical 
surveys, will stimulate additional exploration in ~th: belt 
and lead to new discoveries. Drift prospecting, lake 
geochemistry and airborne geophysics will be eslw:irlly 
important in defming new targets in drift-covered areas. 
The Quaternary geology and till geochrmical sampl kg 
completed in 1995 are discussed in ::epamte rr:pwts 
(Huntley ef al., 1996, this volume; Shm~pf ef al., 1926, 
this volume) 

ACCOMPLISHMENTS 

The 1995 bedrock mapping crew consisted of &a 
MacInty~e, Ian Webster and Kii Bellvfontaine elf the 
British Columbia Geological Survey Branch in Vi,:taia, 
and John Bryant, a Geological Survey of Canada 
summer student. This crew completed 1:50 OOC~~xale 
geological mapping of the Fulton L&e map sheet 

Geological Fieldwork 1995, Paper 1996-I 11 

ldegroot
New Stamp



(93U16). In addition to regional bedrock mapping, 
major mineral deposits and new prospects in the area 
were mapped in detail and sampled. Samples were also 
collected for radiometric dating in conjunction with 
Mike Villeneuve of the Geological Survey of Canada 
and this information will help to further refme the 
geology of the area. Major geological accomplishments 
made during the 1995 field season are summarized 
below. 

l Development of a possible Penno-Triassic 
statigraphy in the area west of Granisle. 
Permian rocks are tentatively correlated with 
the Asitka Group, Triassic rocks with the 
Stuhini Group. 

l Recognition of possible Triassic rocks on the 
Newman Peninsula (Bell mine). These rocks 
were previously mapped as Lower Jurassic 
Telkwa Formation. 

l Correlation of Lower Jurassic stratigmphy in 
the Babine Lake area with the type area of the 
T&w Formation in the Telkwa Range. This 
suggests the Howson subaerial facies extends 
much farther east than originally thought. 

. Recognition of several distinct phases within 
the Late Triassic - Early Jurassic Topley 
intrusions. 

l Collection of samples for U-Pb and AI-Ar 
dating by Mike Villeneuve of the Geological 
Survey of Canada. These data will help refme 
the ages of some of the map ““its in the area. 

. Development of a stratigmphy for the Eocene 
Newman volcanics. Argon-argon age dating 
and whole-rock geochemistry will be used to 
help refine onr understanding of the 
relationships between these rocks and the 
Babine Plutonic Suite. 

l Location of two new epithennal systems., one of 
which has elevated zinc values, three new 
copper showings, one of which carries 
anomalous gold and a new molybdenum 
showing. 

. Discovery of a biotite-feldspar porphyry (bfp) 
dike cutting Topley intrusions on the Babs 
property. This was the fmt time bfp was found 
in outcrop and indicates that the mineralized 
porphyry float may be locally derived. 

. Mapping and sampling of recent trenching at 
the Lennac Lake porphyry prospect. This work 
documents a new zone on the property which 
was trenched by Cominco and Kennecott in 
1992 and 1993. Although low grade copper 
mineralization occurs over a wide area, this 
zone has “ever bee” tested by drilling. 

SUMMARY STATISTICS 

A total of 223 person days was required to 
complete 1:50 OOO-scale mapping of Fulton Lake map 
sheet (93L/16). A total of 796 geologic stations were 
recorded in the 89 000 hectare map area. The station 

density was approximately 9 stations per 1000 hectares. 
This relatively low density reflects the lack of bedrock 
exposure in a large part of the map area. A summary of 
the samples collected from the area is given below. 

AI-Ar 8 
Assay 40 
Whole rock 21 
Silt dd 

FUTURE PLANS 

Geoscientific studies will continue in the B&me 
Lake area contingent upon funding of the Nechako 
NATMAP program. The target for bedrock mapping in 
1996 will be to complete 1:50 OOO-scale mapping of the 
Old Fort Mountain map sheet (93MI1, F&e 1). The 
major porphyry copper deposits on this map sheet 
include Bell, Morrison and Hearne Hill. Hopefnlly 
regional silt and lake geochemistry, detailed mineral 
deposit studies and possibly airborne geophysical 
surveys can be added as components of the project next 
year. 

PREVIOUS WORK 

Geologic mapping and mineral property 
evaluations by the Geological Survey of Canada and the 
British Columbia Deparhnent of Mines (now Ministry 
of Energy, Mines and Petroleum Resources) date back 
to the trim of the century. Earliest reports on the 
geology of west-central British Columbia are by G.M. 
Dawson (1881) who described porphy&ic flows in the 
Francois Lake and Skeena River areas. Volcanic rocks 
in the Hazelton and Smithers area were fast described 
by Leach (1910) who proposed a two-fold subdivision 
between Jurassic volcanics, which he called the 
Hazelton Group, and Cretaceous sedimentary strata 
which he named the Skeena series. Hanson (1925) 
further subdivided the Hazelton Group into a lower 
volcanic division, a middle sedimentary division and a” 
upper volcanic division. This division remained 
unchanged for many years until Armstrong (1944% 
1944b) included the Skeena series with the Hazelto” 
Group’ 

In 1916, the Geological Survey of Canada 
published Tipper and Richards (1976a) bulletin Jurassic 
Stratigraplp and Histo~ of North-central British 
Columbia. This comorehensive oublication included 
previously unp”bli&d data on “um&ous fossil 
localities and measured stratigraphic sections, including 
several in the Babine Lake area. This bulletin 
complimented the release of an open tile, I:250 OOO- 
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scale, geological map of the Smithers area (Tipper and 
Richards, 1976b). 

Tipper and Richards subdivided the Hazelton 
Group into several different formations. They also 
resurrected the name Skeena Group for Early 
Cretaceous coal,.bearing, overlap sedimentary strata that 
Armstrong (19,14a, 1944b) originally placed in the 
Hazelton Group. 

Carter mapped the Babine porphyry belt in detail 
between 1965 and 1972 as part of a British Columbia 
Minishy of Mines regional study of porphyry deposits 
in west-central British Columbia. This excellent work 
was released as Preliminary Map 12 (Carter, 1973) and 
remains the only published geological map of the belt. 
Because of improved access via logging roads, better 
bedrock expo:;ure in clear-cuts and a better 
understanding of regional stratigraphic relationships, we 
were able to expand on this earlier mapping and place it 
in a modem stratigraphic framework. 

The Babiie porphyry belt is one of the most 
important mineral camps in British Columbia (Carter er 
al. 1995). Numerous reports have been published on 
individual deposits. Carson and Jambor (1974), Wilson 
ef al. (1980) and Zaluski ef al (1994) have discussed 
hydrothermal alteration and fluid geochemisby in the 
district; Fahmi el al. (1976), Carson er al. (1976) and 
Dirom ef al. (:.995) have described the geology and 
mineralization at the Granisle and Bell mines; Carson 
and Jambor (1976) and Oglyzlo ef al. (1995) have 
described the Morrison and Hearne Hill deposits. 

ACCESS 

The main access to the area is f?om Highway 16, 
which follows the Bulkley River valley t?om the town 
of Houston thrcngh Telkwa and S&hers and north to 
Hazelton (Figure 1). Smithers, located approximately 
half way between Prince George and Prince Rupert, is 
the largest town in the area and is a major transportation 
centre with daily jet service to Vancouver, Terrace and 
Prince George. 

There are two main routes into the study area from 
Highway 16. The Smithers Landing - Granisle 
connector route which leaves Highway 16 south of 
S&hers and goes through McKendrick Pass on its way 
to Graoisle is 78 kilometres long and is mainly gravel. 
The Topley - Granisle road is paved; it leaves Highway 
16 at Topley and terminates at Granisle, a distance of 48 
kilometss An extensive network of logging roads 
provides access to much of the map area, especially east 
of Babine Lake. The east side of the lake is accessible 
by ferry between Mill Bay, just north of Topley 
Landing, and Nose Bay on the east side of the lake. 
Crossing time ir; approximately 20 minutes. The ferry is 
run by Northwood Lumber Co. based in Houston, and is 
free to the publ,ic with the acquisition of a permit. On 
the east side of the lake, the Hagan, Jinx and Nose Bay 
haulage roads, which are radio controlled and heavily 
used by logging trucks, are the main access routes. 

PHYSIOGRAPHY 

The physiography of the Babinc! Lake wt:a is 
characterized by rolling hills and avxtensive: drift- 
covered areas of low relief. Bedrock exposure in found 
on the crests of small glaciated knolls, i:il deeply ix%ied 
creek valleys and along the shores of Babine and Ful:on 
lakes. Clear-cut logging in the area lxs also e:xpo:;ed 
bedrock along road cuts and in areas subject to r,oil 
erosion. Huxley ef al. (this volum:) discus:; the 
physiography and Quaternary history of the study area. 

TECTONIC HISTORY AND R.EGIONAL 
GEOLOGIC SETTING 

The study area is entirely within Bikinia, which is 
the largest termne of the Intermontare tectoni: belt 
(Figure 1, McMillan and Stndk, 199e, this viz:uzre). 
Stikinia includes Lower Devonian to ~tiiddle Jurassic 
volcanic and sedimentary strata of the Asitka, !Snlhtii, 
Lewes River and Hazelton assembla~,..es and Ielated 
comagmatic platonic rocks. The oldest rocks an: upper 
Paleozoic carbonates and island-arc volcanic: and 
volcaniclastic rocks locally referred tci as the I,riiine 
assemblage (Monger, 1977; Brown et ol, 1991). .&as 
with this assemblage, which east of the 13owser 13.1sio is 
called the Asitka Group, represent remnant!; of’ a 
tectonically dismembered,, shallow-water island-arc 
environment with carbonate buildups fringing ernxgent 
volcanic islands. Permian and possibly older ros:ks 
occur in the study area and these rock:, are tentatively 
correlated with the Asitka Group. 

The Paleozoic island-arc regime was followed by a 
depositional hiatus prior to developn.ent of a Late 
Triassic volcanic arc and enqtion of thr: predomii,artly 
basaltic Stuhini Group. By Early Jumss ic time the: area 
was part of the regionally exteuive Hazelton 
calcalkaline volcanic arc. The orientation of this arc and 
the polarity of related subduction zones is still rnxh in 
debate. However, facies relationships suggest t&n: was 
a central marine trough thal: was boundetd by northwest- 
trending island-arcs. This apparent ptileogeogmphy is 
complicated by significant right-lateral ~isplacemcnt of 
the Hazelton rocks along northeast-rrencling tmnscument 
faults. A northeast-dipping subducticln zone xems 
likely for the western part of the Ha,<elton arc:. The 
basaltic to and&tic island-arc volcanic> exposed in the 
study area can be correlated with tile Stuhjlni and 
Hazelton groups on the basis of litholqy and inferred 
stratigraphic position. 

Collision of Stikinia with the Cachl: Creek ‘Ts:mme 
in Middle Jurassic time resulted in upli:t of the I,lte~:na 
Arch and formation of the Bowser B&I. From Late 
Jurassic to Early Cretaceous time, cant:nued uplilt and 
erosion of the Skeena Arch and Ominec:~~ crystalline belt 
resulted in deposition of thick molasse depositi; in the 
Bowser Basin, which lies just north of the study area. In 
the Early Cretaceous, rocks of the Skeena Group were 
deposited in fault-controlled basins along the southern 

Geological Fieldwork 199.5, Paper 1996-l 13 



Figure 2. Generalized bedrock geology of the Fulton Lake map she& 93L/16. See Figure 3 for legend. Solid squares are new mineral 
showings; solid circles are know occurrences discussed in this report. Line A-B is the location of section shown in Figure 5. 

margin of the Bower Basin. The Upper Jurassic to 
Lower Cretaceous rocks of the Bower Lake and 
Skeena groups host important coal deposits. Although 
these overlap assemblages are well represented 
elsewhere in the Babine Lake area, they underlie less 
than 5% of the area mapped in 1995. 

A major plate collision in middie Cretaceous 
time resulted in uplift of the Coast Mountains and 
extensive folding and thrust faulting of rocks to the east. 
Debris from rising metamorphic-piutonic complexes 
was shed eashvard and deposited in the Sustut basin. 
This was followed by the growth of north-trending, 

eastward-migrating Andean-type volcanic axs in 
middle Cretaceous to Eocene time. These arcs are 
believed to be the result of oblique, eastward subduction 
of oceanic crust along the leading edge of the North 
American plate, with volcanic centres localized along 
zones of extension within a tramtensional tectonic 
regime. Calcalkaliie volcanic rocks of the Upper 
Cretaceous Kasalka Group and Eocene Ootsa Lake 
Group are the remnants of these arcs which were built 
cm uplifted and eroded blocks of Stikinia and its Upper 
Jurassic to Lower Cretaceous overlap assemblages. In 
the study area, Eocene porphyritic flows and breccias of 
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Figure 3. Sbatigraphic column for the Fulton Lake map area. Fossil control shown by F inside a circle. 

the Newman volcanics are correlated with the Ootsa 
Lake Group; the Kasalka Group is not well represented, 
being restricted ‘to one small outlier. The Middle to Late 
Cretaceous Bulkley intrusions and the Eocene Babine 
intsusions (Carter, 1981) are the plutonic roots of these 
younger continental volcanic arcs. Mineral deposits in 

the study area are associated with empiax:ement of .thcse 
intrusions. The most economica ly impcIrt;mt 
exploration targets are porphyry copper and 
molybdenum deposits and related mesotlwmal pnxious 
metal veins. 
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The middle Cretaceous to Late Eocene 
tramtensional tectonic regime produced the basin-and- 
range geomorphology that controls the current map 
pattern of the area. The latest tectonic event appears to 
be northeast displacement along right-lateral 
transcurrent faults and tilting of fault blocks to the 
southeast. This right-lateral displacement has offset 
earlier northwest-trending grabens and horsts containing 
Eocene and younger volcanic and sedimentary strata 
(MacIntyx ef al., 1989). Extension of the crust in 
Eocene to Miocene time was accompanied by extensive 
outpouring of continental lava flows of the Endako and 
Chilcotin groups which now cover large parts of the 
Interior Plateau. 

LITHOLOGIC UNITS 

The geology of the study area, based on mapping 
completed in 1995 and the earlier mapping of Carter 
(1973), Tipper and Richards (1976) and Richards (in 
press), is shown in Figure 2. Figure 3 illustrates our 
current understanding of the stratigraphic relationships 
between the different map units; Figure 4 is a 
diagrammatic section across the map area. 

The geologic framework of the study area consists 
of a series of uplifted, tilted and folded fault blocks 
containing rocks ranging from possibly pm-Permian to 
Eocene. A north-trending gmben centred on Babine 
Lake is defmed by a series of inward dipping, 
progressively down-dropped fault blocks. Eocene and 
possibly younger volcanic rocks are preserved in the 
core of this graben. The graben and surrounding 
geology are truncated and offset by several northeast- 
trending dextral shear zones of probable Late Eocene 
age. 

PERML4NAND OLDER? ROCKY (PC) 

The oldest rocks in the map area are probably 
exposed in the canyon below the Fulton River dam. 
These rocks are distinct because they often have a weli- 
developed schistosity. This section, which includes 
partly recrystallized limestone, chert, slate, phyllite, 
chlorite schist, amygdaloidal basalt and maroon toff, is 
stmctwally complex and may include imbricated thrust 
panels of rocks ranging in age from Permian to Jurassic. 

A steeply dipping, partly recrystallized limestone 
containing coral debris is exposed in the canyon walls at 
the Fulton River dam site and in a quarry just west of 
the dam. The limestone is thin to medium bedded, with 
alternating dark grey and white bands and is at least 50 
mews thick. Outcrops at the dam site were sampied for 
radiolaria by Bert Stmik of the Geological Survey of 
Canada. These sedimentary rocks are cut by near- 
vertical feldspar porphyry dikes. Near the dikes, the 
sediments are rusty weathering due to the presence of 
disseminated pyrite. Above the dam the sediments are 
tightly folded next to one of the dies. The dikes may 

be related to a large stock of Topley quartz monzonite 
which crops out on the shores of Fulton Lake a few 
hundred meees west of the limestone outcrops. 

The limestone exposed at the Fulton River dam 
apparently contains Permian fossils (H.W. Tipper, 
personal communication, 1995). Based on this assumed 
age these rocks are tentatively correlated with the 
Asitka Group (Lord, 1948; Monger, 1977) which is 
found east of the Bower Basin in the McConnell Creek 
map area (94D). 

The limestone member is overlain by dark grey 
chert, silty argillite and chlorite schist. Maroon tuffs 
and amygdaloidai basalt flows are exposed further up 
section, but these rocks are probably part of the Lower 
Jurassic Telkwa Formation. The contact is probably a 
high-angle thrust fault, with the T&w Formation 
rocks thrust northeastward over strongly magnetic 
chlorite schists. These metavolcanics may be Triassic in 
age. 

PERMO-TRZASSIC ROCRS 

Limestone and mafic volcanics that have previously 
been mapped as Permian and Triassic in age (Tipper 
and Richards, 1976b) crop out as a series of uplifted 
fault blocks in the centre of the map area. The best 
section is exposed in the large clewcut west of Granisle 
(Figure 5). 

The Permo-Triassic succession includes a 
distinctive, thick-bedded limestone member which has 
previously been mapped as Permian. However, there are 
no fossil data to confm this age and the limestone may 
actually be Triassic (H.W. Tipper, personal 
communication, 1995). Our mapping suggests the 
limestone is conformably underlain by a red to maroon 
polymictic conglomerate that contains coarse, bladed 
feldspar porphyry clasts. Although outcrop is limited, it 
appears that the conglomerate sits on pyroxene-feldspar 
porphyry flows that are strongly magnetic. 

Limestone is the most distinctive lithology of the 
Permo-Triassic succession and can be several hundred 
metres thick. The limestone contains coral debris. Seven 
samples were collected f?om this member and these are 
currently being dissolved for possible conodont 
extraction. 

PYROXENE-FELDSPAR PORPHYRY (l’lkp) 

Medium to coarse-grained, greenish grey pyroxene- 
feldspar porphyry crops out north and south of Fulton 
Lake. These porphyritic rocks are interpreted to be 
basaltic flows that formed islands within an island-arc 
environment. They, have equant to tabular feldspar 
phenocrysts up to 3 milliietres in length and pyroxene 
phenocrysts to 1 millimetre. Hornblende and rare biotite 
phenocrysts may be present. The flows locally have 
chlorite, quartz or carbonate-filled amygdules and are 
often strongly magnetic. Not surprisingly, areas 
underlain by these rocks produce a strong aeromagnetic 
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Figure 4. IXagrammatic section showing relationships of the map units in the Fulton Lake area. See Figure 3 f# r legend. 

response and this characteristic has helped to defme 
their extent in areas of limited or IICJ outcrop. 

The stratigraphic position of the pyroxene-feldspar 
porphyry tJows is not certain. Based on sporadic 
outcrops, and assuming there are no major fault 
displacements, they would form the core of a north- 
trending antifonn with its axis located near the centre of 
Fulton Lake. If this interpretation is correct, the 
porphyritic flows are overlain by interbedded tuffaceous 
siltstones, maroon mudstones and volcanic 
conglomerates. As clasts of pyroxene-feldspar porphyry 
occur in these conglomerates, this stratigraphic position 
seems likely. 

CONGLOMERATE AND SANDSTONE (PTrcg) 

A unit of red to maroon-weathering, poorly sorted, 
polymictic boulder to pebble conglomerate, and lesser 
greenish grey feldspathic sandstone and siltstone, crops 
out in a large Iclear-cut north of Fulton Lake. These 
rocks saike northwest and dip steeply northeastward 
below the main cliff exposures of limestone (Figure 5). 
Because of similar bedding attitudes, we believe the 
conglomerate lnember conformably underlies the 
limestone. Alternatively the limestone and overlying 
strata may have been thrust to the southwest over the 
conglomerate. 

A distinctive feature of the conglomerate is the 
occurrence of coarse-grained tabular feldspar porphyry 
boulders up to 30 centimetres in diameter. The same 
porphyry occur; as massive sills or flows within the 
unit, suggesting the boulders are locally derived. Other 
clasts in the conglomerate are greenish chert, sandstone, 
siltstone, lapilli tuff and fme-grained porphyritic 
and&e. The conglomerate is also cut by northeast- 
trending, steeply dipping, epidote-rich basaltic dies 
which are p&ably feeders for flows higher in the 
stratigraphic succession. 

A southeas?erly trending series of resistant ridges 
and knolls extends Tom the Smithers connector road at 
the western edge of the map area to Fulton Lake. They 
are underlain by conglomerate, coarse feldspathic 
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sandstone, siltstone, minor mudstone and pyroxene- 
feldspar porphyry. The conglomerate is ;,:reenish grey to 
maroon, poorly sorted, feldspar riclh and matrix- 
supported with subangular to subrourded, 2 to :,O- 
centimetre clasts of bladed pyroxene-felllspar porphyry, 
banded tuffaceous siltstone, fmeqained f&c 
volcanics, chert and rare limestone. ‘lhe dark green 
sandstone and conglomerate contain a,lgular feldspar 
crystals and crystal tiagments, Fiat are ,sflen 
interlocking, and locally contain pyrox~:ne crystals: that 
comprise up to 8% of the rock. Minor Ipale greer: thin 
mudstone beds have rare belemnite ho!es wherals the 
grey coarse feldspathic sandstone is ger erally mar;sf~e, 
contains approximately 30% feldspar alld is devoid of 
fossils. The conglomerate is tentatively correlatctl with 
the maroon to red-weathering con;:lomerate that 
apparently lies stratigraphically below massive, thick- 
bedded limestone. 

A distinctive member of thin-bedied, dark @ey 
tuffaceous mudstone, siltstone and gtmlle 
conglomerate crops out in the n0rthw.t comeT of lhe 
map area. These rocks may overlie, .md in put be 
interbedded with, the pyroxene-feldspar porphyry 
flows. The siltstone is strongly contorte* in plact::; and 
much of this deformation appears to haw c~ccwcc. prior 
to lithiiication. Irregular, wispy rip-up clasts of silt3ttae 
also occur in overlying conglomera:es, sugg:sting 
erosion of the siltstone prim to complete,: iithification. It 
seems that the siltstone and conglomer::te have similar 
ages, with no major depositional hiatus &ween thsm. 

The conglomerate and interbedde:d maroon 2nd 
green sandstones are interpreted to he intervolcrdc 
sediments derived from the exposure and ero!Gon of 
volcanic islands comprised mainly of pyroxene-feklqr 
porphyry flows and associated poorly lithitied narine 
and nonmarine sediments. 

MEGACRYSTIC FELDSPAR PORPHYRY 
(PTrmp) 

A distinctive porphyry (Photo I), whica has bl,aded to 
equant feldspar phenocrysts up to 3 ten timetres lone, in 
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Photo 1. Megmystic porphyry, unit PTmp 

a greenish grey chloritic groundmass, crops out in the 
large clear-cut area west of Granisle and north of Fulton 
Lake. The porphyry, which is locally amygdaloidal, 
forms massive, conformable bodies withii the maroon 
to red conglomerate-sandstone member. As mentioned 
earlier, clasts of this porphyry occur within the 
conglomerate suggesting the porphyry is the same age 
as its hostrocks and is more likely a flow than a sill. The 
same megmystic porphyry has been noted in the 
conglomerate-sandstone unit south of Fulton Lake and 
west of Saturday Lake. 

LIMESTONE (PTrc) 

The most distinctive member of the Penno-Triassic 
succession is a medium to thick-bedded white to grey 
weathering, cliff-forming limestone. The limestone is 
best exposed along the west-facing slope of a north- 
trending ridge near the centre of the map sheet. Here the 
limestone member dips 45’ to 50° to the northeast and 
is well exposed along several near-vertical cliff faces. 
This location has been examined for its industrial 
mineral potential (Cart prospect, MINFILE 93L 306). A 
similar limestone member occurs west of the dam on the 
north shore of Fulton Lake and dips moderately to the 
west. 

CALCAREOUS SILTSTONE (F’Trs) 

Well bedded calcareous siltstones and pebble 
conglomerates conformably overlie the limestone 
member (Figure 5). These rocks are exposed on the 
crest of a ridge immediately east of the chain of 
limestone cliffs in the centre of the map area. They are 
in fault contact with overlying St&iii volcanic rocks. 

UPPERTRL4SSICSTUHINIGROlJP 

A bimodal volcanic sequence overlies Permo- 
Triassic limestone and calcareous sediments and is 

tentatively correlated with the Upper Triassic Stuhini 
Group (uTrS) based on the occurrence of the fossil 
Halobia (H.W. Tipper, personal communication, 1995). 
The volcanic rocks are well exposed as a series of 
north-trending ridges in the large clear-cut west of 
Granisle and appear to be part of a continuous 
stratigraphic succession that dips moderately to the 
northeast (Figure 5). In general there is a change from 
mamm to green colour up section, suggesting a change 
from subaerial to submarine conditions. This 
succession is comprised of volcanic breccia, aquagene 
t&f and autobrecciated basaltic flows, interbedded with 
lapilli tuff, volcanic conglomerate and sandstone. The 
most distinctive lithology within the suspected Triassic 
succession is a greenish grey to slightly maroon 
volcanic breccia. The breccia is poorly sorted and 
contains lapilli to block-sized, rounded to subrounded 
volcanic clasts in a greenish grey feldspathic matrix. 
The clasts vary from light grey to dark green in colour 
and from dense, aphanitic to feldspar physic and 
amygdaloidal. Medium to strong epidote alteration, 
often with quartz, occurs either pervasively 01 as veins 
and clots. White-weathering, flow-banded rhyolite and 
weakly welded ash-flow mff members occur near the 
middle of the succession. A minor amount of marine 
sediment also occurs in the upper half of the section and 
contains poorly preserved bivalve fossils and possible 
corals. Attitudes are measured from thii tuffaceous 
sandstone, feldspar crystal tuff and ash tuff beds that are 
intercalated with the more massive volcanic rocks. 

The lower part of the Triassic section is mainly 
massive beds of volcanic breccia with feldspar-phyric 
clasts in a fme-grained dark maroon matrix, separated 
by thin intervals of well bedded feldspar crystal t&f and 
volcanic conglomerates. The crystal tiffs sometimes 
contain minute quartz and biotite crystal f?agments. 
Very tine grained dark maroon veinlets cut these rocks 
and epidote occurs as clots. Grading in the 
conglomerates indicates stratigraphic top is to the 
“oliheast. 
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Granisle East 
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Figure 5. Section through Pemm-Triassic and Eocene rocks, west of Granisle. See Figure 2 for section location, Figure 3 for legend. 

Overlying the breccias is a unit of basalt to aodesite 
flows. The flows :ue typically amygdaloidal and locally 
autobrecciated. Intense epidote alteration and veining is 
common. The flows weather a light brown colour and 
vary from mamnn to greenish grey on fresh surfaces. 
They appear to be mostly subaerial in origin. 

Overlying the flows, or possibl:y intruding them, are 
light grey weathering, discontinuous, Iensoidal to dome- 
like bodies of flow-banded rhyolite. Flow banding is 
defmed by cream and maroon bands, approximately 1 to 
:! millimetres wide. Some of the bands are comprised 
almost entirely aof white spherulites. The maximum 
thickness of this member is approximately 15 metres. 

chloritic matrix. The volcanic wackes have po,xl!rlll 
defmed cross and ,graded bedding and lwxdly contain 
poorly preserved bwalve fossils (ffulobia:) indicating iti 
marine depositional environment. Irregular bodia!; of 
light grey, recessive, lie mud are also a::sociated with 
the fossil bearing beds and these have bee:n sampleC~ for 
conodonts. 

The next member in the sequence is a heterolithic, 
clast-supported volcanic breccia or agglomerate that 
contains white-weathering, Z%xntimetre to l-m&e 
subrounded bombs of the flow-banded rhyolite. The 
bombs have deep reaction rims indicating that they were 
hot at the time of lithification (Photo 2). The breccia 
was probably the result of a phreatic explosion. 
Immediately overlying this breccia is a thin 
amygdaloidal basalt flow. 

A high-angle, north-trending normal !&It displ.xes 
the Triassic section downward iust weal of Skiilheal 
Lake. A sequence of green&h grey weathwing;, 
autobrecciated basaltic flows and aquage le t&s crops 
out east of the fault and these rocks prewnably oxur 
near the top of the Triassic section. The fl~~ws vary iiorn 
aphanitic to intensely amygdaloidal. Epit,lote alte:rrdoo 
and veining is locally intense. In one,: locality. an 
aphanitic flow has a bulbous, weathering pattern thzlt !s 
suggestive of pillows. 

The next prominent ridge in the section is 
comprised of light grey to white-weathering, well 
bedded lapilli toi’fs, ash-flow mffs and volcanic debris- 
flows. The ash4low toffs are weakly welded to un- 
welded and conmin light coloured, lapilli-sized clasts 
that include aphanitic rhyolite, flow-banded rhyolite and 
scoriaceous toff in a fine-grained, greyish green, 
feldspar-phyric mati (Photo 3). Mike Villeneuve of 
the Geological !lurvey of Canada collected a sample 
from this unit for U-Pb isotopic dating of zircons. 
Debris flows in the section contain clasts of the ash- 
Row tuffs and are probably locally derived. 

The Triassic section is truncated by a north- 
trending normal fault that traces thrwgh Skibead 
Lake. East of the fault is the Granisle graben ,which 
contains flat-lying Eocene Yewman aml Buck Creek 
volcanics. The bedding attitude in the Triassic w:ticn 
becomes more northerly and near vertic.%l towwh; ti.e 
edge of the graben, probably due to downward 
movement on bounding faults. 

Overlying the felsic lapilli and ash-flow toffs is a 
section of interbedded medium to coarse-grained 
volcanic wacke, aquagene mff and autobrecciated, 
amygdaloidal basalt flows. These rocks weather a 
distinctive orange-tan colow and have a dark green 

Rocks similar to those exposed ,in the Skinhez!d 
Lake section crop out down the middle elf the Newn;m 
Peninsula and on the east shore of the Isagan Axm of 
Babine Lake. These rocks were previou $1~ mappod z% 
part of the Lower Jurassic Telkwa Formation, bul: we 
believe they are Triassic in age and comlative with the 
Smhini Group. This conclusion is bawl on lithologic 
similarity. In both areas the rocks are mixed basalt and 
rhyolite in composition with pyroclastic and epicl;sstic 
members characterized by angular fekic cl&s in a 
green chloritic matrix. The section may include minor 
amounts of marine siltstone and limestone:. 
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Photo 3. Lapilli tuff with felsic clasts, unit uTrS. 

PM-TOPLEY FOLIATED DZORZTE 

Medium-grained equigranular, hornblende-biotite 
diorite underlies the high hills just outside of the 
northeast comer of map sheet 93Ll16. The diorite has a 
pronounced mineral foliation defined by the alignment 
of hornblende and biotite. In one locality this foliation 
has an attitude of 095/65S. Xenoliths of biotite 
microdiorite, up to 10 centimetres in diameter, have 
indistinct (resorbed?) margins and are abundant in the 
intrusive. Fine-grained, pink aplitic dikes of the Topley 
intrusive suite cut the diorite, suggesting that the latter 
is an older phase and may possibly be comagmatic with 
Upper Triassic Stuhini volcanics. In general, the diorite 
does not resemble any phase of the Topley suite due to 
its apparent lack of potassium feldspar. An Ar-Ar 
geochronology sample collected from this intrusion may 
yield important age constraints and cooling history 
information. 

LATE TZUASSZC TO EARLY JURASSZC 
TOPLEY INTRUSIONS (EJT) 

The Topley intrusions, as defmed by Carter (1981), 
include quartz diorite to quartz monzonite of Late 
Triassic to Early Jurassic age. Earlier studies (Carr, 
1966; Kbnura el al., 1976) used the term Topley 
intrusions for granite, quartz monzonite, graoodiorite, 
quartz diorite, diorite and gabbro intrusions of probable 
Jurassic age that intrude Triassic volcanic rocks from 
Babine Lake to Quesnel. Included in this Topley suite 
were high-potassium intrusions associated with the 
Endako porphyry molybdenum deposit. However, 
subsequent K-AI isotopic dating showed most of these 
intrusions were Late Jurassic to Early Cretaceous in age. 
Consequently, the intrusions around Endako were 
renamed the Francois Lake intrusions to distinguish 
them from the older Topley suite. 

Potassium-argon isotopic dates for the Topley 
intrusions, as defined by Carter (1981), would include 

Photo 4. View looking northwest toward Turkey Mountain. 

ages as young as 178 Ma, but most are between 199 and 
210 Ma (Early Jurassic) using the old decay constants. 
Most of these dates are from large plutons in the Topley 
area and southwest of Babine Lake. In the current study, 
we restrict the term Topley intrusions to typically pink, 
potassium feldspar rich granite and quartz monzonite of 
apparent Late Triassic to Early Jurassic age. We 
consider the type area to be the southeast comer of the 
Fulton Lake map sheet where a large, multiphase 
intrusive body, the Tachek stock, is well exposed in 
clear-cuts and along the shores of Babine Lake. The 
high-potassium composition of these rocks distinguishes 
them from older and younger plutonic suites that are 
mainly granodiorite to quartz diorite. Phases of the 
Topley intrusions, as defined in this study, intrude rocks 
believed to be correlative with the Permian Asitka and 
Late Triassic Stuhini groups. The only locality where a 
Topley intrusion has been observed cutting Telkwa 
Formation rocks is in a creek exposure 3 kilometres 
west of Lennac Lake. Here, a tine-grained, pink aplitic 
dike, typical of the youngest phase of the Topley suite, 
cuts maroon lapilli toffs. 

In the current study area there are only two 
localities where the Topley inrmsions have been dated 
(Table 1). A 205+9 Ma age (210 Ma revised) was 
determined on hornblende extracted from coarse- 
grained porphyritic monzonite exposed on a small 
island 8 kilometres north of Topley Landing (Wanless, 
1974); a 176 Ma57 Ma age (178 Ma revised) was 
determined on biotite from a biotite-quartz-feldspar 
porphyry die at the Tachek porphyry copper prospect 
(Carter, 1981). Based on lithology and apparent age we 
do not consider the dikes at the Tachek property to be 
part of the Topley suite. They are more likely related to 
compositionally similar rocks in the T&w Formation 
although the 178 Ma age is too young even for this 
correlation. 

TOPLEY INTRUSIVE PHASES 

The Topley intrusions have been divided into 
several mappable phases based on macroscopic field 
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observations and modal abundances. Names of phases 
were assigned using the IUGS chwsitication scheme for 
intrusive rocks. Future work, to better characterize the 
intrusive suite, will involve staining, thin section 
examination and whole-rock geochemistry. Following is 
a brief description of the plutonic phases from oldest to 
youngest. 

Monzonite to Quartz- Monzonire Phase 

This phase occupies the eastern part of the Tachek 
stock on the Fulton Lake map sheet. It typically 
weathers orange and forms some of the conspicuous, 
large orange outcrops in cleat-cuts on the east side of 
Babine Lake. This phase is mainly a leucocratic, 
medium to coarse-grained, equigranular and 
plagioclase-physic intrusive that varies from monzonite 
to predominantly quartz monzonite in composition. The 
groundmass is composed of intergrown potassium 
feldspar and quartz crystals. Slightly larger plagioclase 
phenocrysts (up to I mm) sometimes give the rock a 
porphyritic appearance. The rocks commonly contain 
biotite with or without hornblende, with matics totalling 
less than 3% by volume. Miarolitic cavities occur only 
in this phase of the Topley suite,, They are tilled with 
terminated quartz crystals which may have a black 
coating, and less frequently with epidote crystals. The 
cavities vary from several milliietres to 2 centimetres 
in diameter with the average being 1 centimetre. Mike 
Villeneuve of the Geological Survey of Canada 
collected a sample from this phase for U-Pb isotopic 

dating, in an overgrown clear-cut on the r:ast side c’fthe 
lake. 

A slightly different monzonite was obsenwl in 
contact with the coarse-grained main nmnzonite Ilhare 
in two localities. Although noteworthy, this unit may 
not be of regional significance. The phax is a vels file 
grained monzonite with densely p;.cked, lb!adcd 
feldspars on a millimetre scale. The con :act behwen it 
and the main monzonite is diffise ant! suggwts that 
both rocks were molten when intruded and that th:y 
could possibly be segregations of the same ma@na. ln 
another locality, an apoplrysis of the coarse-gr:lim:d 
monzonite has invaded a ftie-grained l,lhase that aljo 
appears to have been only partially crystallized. 

Other variations in the monzonite :nclude a :Fie- 
grained phase with bladed hornblend,,: crystals iuld 
small areas of freer grained intmsike with !csrer 
plagioclase, which may be closer :o syenitt: in 
composition. 

Granite Phase 

The granite phase, which crops out .,n the easi ald 
west shores of Babiie Lake and on LolIp and I>:uble 
islands, comprises the largest proportior! of the ‘T:8pley 
intrusions in the study area. The ganite is mwe 
monotonous in composition and visual appeamncc: than 
the quartz monzonite phase. It typically has a mc:dium 
to coarse-grained equigranular texture and weathers 
pale pink. Locally the granite is sparsely porpkyriitic 
with scattered orthoclase megacrysts up ‘10 2 centimebes 
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BABINE PORPHYRY BELT PROJECT: 
DETAILED DRIFT EXPLORATION STUDIES IN THE 

OLD FORT MOUNTAIN (93M/Ol) AND FULTON LAKE (93L/ 16) 
MAP AREAS, BRITISH COLUMBIA 

By A.J. Stumpfl, D.H. Huntley2, B.E. Brosterland V.M. Levson:! 

1 University of New Brunswick, Fredericton 
2 British Columbia Geological Survey Branch 

(B.C. Minishy of Energy, Mines and Petroleum Resources Contribution to the Nechako National Mapping ~%ogmm) 

KEYWCVKS Drift exploration, geochemistry, porphyry 
copper mineralimtion, Babs, Heame Hill, Lennac Lake, 
Bell mine. Saddle Hill 

INTRODUCTION 

In conjunction with bedrock mapping (MacIntyre et 
al., 1996, this volume) and regional till geochemistry 
surveys @IuntIey et al., 1996, this volume) in the Babine 
Lake area, detailed drift exploration studies were 
undertaken on five porphyry-related copper properties: 
Babs, Heame Hill, Lennac Lake,, Bell mine (Newman 
Peninsula), and Saddle Hill (Figure 1). The objective of 
our study was to investigate the effects of glacial and 
postglacial processes on geochemical dispersal patterns 
at properties in tie contrasting physiographic settings. 
It is hoped this will help better define potential zones of 
mineralization, and provide models for future driit 
exploration programs. 

The proper& examined in this report are located in 
93L/16 (Fulton Lake) and 93WOl (Old Fort Mountain) 
map areas, and lie at the northern limit of the Nechako 
Plateau (Figure 1; see also HuntIey et al., 1996, this 
volume). AlI five mineral properties border Babine Lake 
and its tributary waters, including F&on and Morrison 
lakes (Figure 1). Valleys in the Babine Lake area are 
broad, with gently sloping sides reflecting glacial 
modification. Regional iceflow directions in the study 
area are predominantly toward the south-southeast, 
paralleling these major topographic features (Armstrong 
and Tipper, 194X; Tipper, 19714 1994; Plooffe, 1991; 
Huntley et al., 1996, this volume), 

THE APPROACH 

In areas with extensive suiicial cover, traditional 
bedrock mapping alone is insufficient to define mineral 
potential. The most effective means to address this 
problem is to ccnnbine bedrock mapping with drift, lake 
and stream sediment geochemical sampling programs 
&evson et al., 1994). For regional scale (1: 50 000) drift 
exploration programs, sampling focoses on collection 

55” 

54”45’ 

126’30 

Figure 1. Location of properties studied in lhis report For 
location of map sheets 93L116 (Fulton La!+:) and 9:3:Wl 
(Old Fort Mount Mountain), set Figure 1 in Huntley et (I,‘,, 
1996, this volume. 

and geochemical analysis of basal tills. .,U this s;alt:, 
tilI is usually sufficiently abundant to bl: an effiecti\e 
sample medium for detecting regional mi:lleral disp:rs;d 
patterns (Giles and Levson, 1994). At larger scales of 
mapping (e.g., 1:lO OOO), supraglacial till, glaciofbwial 
sediments and colltium must also be saropled in cl:rdcr 
to defme dispersal patterns (O’Brien et al.., 1995). Im this 
paper, we outline an approach that uses regional-lstile 
drift exploration techniques modified for mapping and 
sampling at a propelty scale of I:10 000. 
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FIELD METHODS 

Prior to fieldwork, the MINFILE database and 
assessment reports were examined for criteria critical to 
designing an effective drift sampling program. 
Preliminary smficial geology mapping of each property 
was completed using 1:63 500 and I:50 000 aerial 
photographs. Measurements of glaciated landforms, 
including crag-and-tail features, flutings and drumlins, 
were recorded to interpret local iceflow histories. These 
measurements were confirmed in the field by direct 
measurement of striae and k&forms. JZxistiug B-horizon 
soil data from the selected properties were also replotted 
to better define sampling sbategies. 

A sampling grid was established at each mineral 
property. Sampling along pre-cut grid lines was 
completed at the Babs amI Heame Hill properties, using 
a sample spacing of 200 to 400 metres. Elsewhere, 
sampling was completed along mads accessible by buck 
OI foot traverse, using a sampling interval of 250 to 
1000 metres. Typically, samples were collected from 
roadcuts, mine-pit exposures and hand-dug pits. Vertical 
profdes were sampled along exploration trenches at both 
the Heame Hill aud Leuuac Lake properties, and along 
the eastern face of the open pit at Bell mine. 

Basal till was the preferred drift sample medium. 
Colluvium. &tcieeuic debris flows. suuraalacial till. 
glacioflu&l-and-glaciolacustrine deposits-were al& 
sampled to investigate the applicability of various media 
in geochemical sampling programs. Where possible, 
sample locations were chosen to coincide with soil 
anomalies (detected by previous exploration programs) in 
order to examine the degree to which pedogenic processes 
have influenced the geochemical composition of the near- 
sntface medium. 

In total, 173 sediment samples, weighing from 2 to 
5 kilograms, were collected from the five properties. The 
samples were dried, split and passed through a -230 
mesh (<63 pm) sieve. This fraction was analyzed by 
instrumental neutron activation analysis (INA) and 
inductively coupled plasma analysis - atomic emission 
spectroscopy @Z-ES) for 47 elements. 

At each property, attempts were made to trace 
mineralized boulders to their source. Till-clast lithologies 
were also studied each property. Balzer and Bmster 
(1994) and Stumpf (1995) suggest clasts delineate much 
larger dispersal trains than matrix components, allowing 
target areas to be defined more easily. At selected sites, 
20 to 25 pebble-sized clasts were collected and 
information was recorded pertaining to their lithology, 
size, degree of mundness, and presence of striated or 
faceted surfaces. Mineralized clasts showing evidence of 
minedization were described and sampled for assay. 

cuxently under option to Northern Dynasty Minerals Ltd. 
Detailed studies were carried out on the Babs 1 claim, 
centred at 54O5l’N, 126”W. The claim area lies on a 
gently sloping spur between two streams that drain into 
Babine Lake. Elevation ranges from 855 to 975 metres. 
Access is by the Nose Bay road to the junction with Pat 
road, 7 kilometres east of Topley Landing and the 
Northwood barge crossing. 

Much of the east flank of the Babiue valley in the 
vicinity of the pmperty is underlain by granite, quartz 
monzonites and rhyolitic equivalents of the Early 
Jurassic Topley Pluto& Suite (Cmter, 1981; MacIutyre 
ef al., 1996, this volume). Outcrop on the property is rare 
and exposed only in borrow pits, road cuts and stream 
cut banks. Outcrops include gossanous, sericite-clay- 
altered quartz-phyric crystal and lapilli tuffs, and a 
tuthat-mnding biotite feldspar porphyry dike (Figure 
2). Tuffaceous rocks contain disseminated pyrite and 
chalcopyrite, aud have iron and malachite staining on 
fmcture surfaces. These rocks have returned anomalous 
values at surface of 726 ppm copper and 16 ppm silver, 
and up to 0.19% copper over 77.3 metres in core from 
limited drilling (Kemp and Roberstou, 1994). Pyrite is 
ygely , but not uniformly disseminated in the porphyry 

DRII?k- EXPLORATION RESULTS 

Much of the propetty is mantled by an undulating to 
gently rolling ground moraine. The surface is locally 
fluted, indicating regional iceflow toward 150° (Figure 
2). Washed till is the dominant mominal sediment and 
is a pervasively oxidized, massive, poorly consolidated, 
matrix-supported dim&ton Basal till is subordinate, 
and is a dense, fissile matrix-supported diamicton with a 
clay-silt matrix. Extensive areas of moraine are washed, 
winnowed and blanketed by massive gravel and sand lag 
deposits with an inferred glaciofluvial origin Additionat 
evidence for meltwater flow is suggested by numemus 
small eskers and meltwater channels that apparently 
drained southward (Figure 2). The abundant evidence for 
meltwater flow on this property should be considered 
when interpret@ geochemical dispemal patterns in soils 
and underlying glacial materials. 

Twenty five samples of till and glaciofluvial 
sediments were collected over a recently cut survey grid, 
aud in the vicinity of a 1.2 kilometre long train of well- 
mineralized angular biotite feldspar porphyry cobbles 
and boulders. Additional basal till samples were 
collected north and northwest of the claim area as patt of 
the regional till sampling program to determine 
geochemical background (Huntley et al., 1996, this 
volume). 

BABS Boulders in the main body of the train contain 
almndant chalcopyrite as disseminations and fracture 

The Babs property comprises 21 mineral claims on 
fillings, and grade up to 0.9% Cu and 1.3 g/t Au (Kemp 

the east side of Babine Lake, 6 kilometies southeast of 
and Robertson, 1994). Six cobble to boulder-sized 

the Grauisle mine. The property has only recently been 
erratics exposed at the &face of washed till were. 

assigned a MINFILE number (93L 325). The property is 
sampled (Figure 2). A biotite feldspar porphyry clast 
recovered in the vicinity of the biotite feldspar porphyry 
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Figure 2. Simplified surf&l geology of the Babs 1 property. 
‘I. Altered quartz.phyric crystal and lapilli tuffs; 2. Biotite 
feldspar porphyv dike. Small crosses - approximate location 
of mineralized boulder tiain. shaded - _ copper values in 
soils above 40 ppxm, maximum concenlxations given as point 
vahm (data modified from Kemp and Rob&son, 1994). 

dike rehmed very low copper values (5 ppm Cu). A 
boulder sampled 100 m&es east of central part of the 
bwlckr train assayed 126 ppm lead and 2039 ppm zinc, 
but returned low copper values (3 ppm). In contrast, a 
biotite feldspar porphyry boulder found beyond the 
southeastern limit of the train has assayed 10 491 ppm 
copper and 411 ppb gold (MacIntyre et al., 1996, this 
volume). Sparsely mineralized cobble-sized float 
samples, found up to 700 metres noahwest of the boulder 
train, were not submitted for assay. The source of the 
mineralized ermtics is unknown. Most cobbles and 
boolderr resembie biotite feldspar porphyry exposed at 
the Granisle and Bell mines and lie approximately 
down-ice from these areas (Figox 1). However, a more 
local source is suggested by the angularity, abundance 
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and size of erratics witbin reworked till, Erratics ;also 
closely resemble biotite feldspar porphyry die rucks 
exposed close to west-central part of tie map area 
(Figure 2). The trend of this dike crosses the o])-it,e 
projection of the main body of the boulder train (Figme 
2). In addition, the boulder train is ne::r an inkxed 
polarization chargeability anomaly ;tittributt:cl to 
significant intervals of low-glade porphyry-style coppc:r 
mineralization over an area of 2 square kilometre and 
located approximately on the same stmctmal trend as tie 
Bell and Granisle deposits (B. Youngmao, pe~aonal 
communication, 1995) 

Copper values up to 467 ppm are reI)orted from II- 
horizon soil samples (Kemp and Robertssn, 1994). Ps 
originally plotted, copper values abole a 40 ppm 
background, define a circular anomaly flankittg the 
boulder train. This pattern has been reinterpreted as a 
linear plume reflecting southeast dispcrsa~. of copper by 
ice and secondary southwest dispersal by meltvratcr 
Figure 2). There is little evidence to supf~ort signif il:ant 
dispersal by postglacial colluviation 

HEAFtNE HILL 
(MINFILE 93M 6) 

The Heame Hill prospect lies 2 kilo,netres east of 
Morrison Lake and 32 kilometres north of Grard.sl~:. 
Studies focused on a 3 square kilometre area eve:: the 
crest and steep western flank of Hearm Hill, centred 
around the “discovery showing” at 55Oll’ ~g and l:Xo17 
W (Figure 3). The propelty, currently uncer exploraticn 
by Booker Gold Explorations Ltd., lies 1.2 kilom:tn:s 
east of the Morrison Lake deposit. The prospect is 
reached by following a steep dirt track for 6 kilom:tn:s 
off the Hagan mad at about 46 kilometre:; from Tcpley 
Landing and the Nonhwood barge cmssin~! (Figure 1:. 

Heame Hill is underlain by Lows:1 to Mid&.e 
Jurassic lapilli crystal tuffs, andesit: flows and 
volcaniclastic sedimentary rocks (Hazelton Group). ?be!;e 
rocks have been intruded by a small, :Early Jurassic 
quartz diorite stock (Topley Plutonic Suite), :and a 
northeast-trending biotite feldspar porpliyry plug ard 
dikes of the Eocene Babine Pluto& Soite @gun: 3; 
Ogryzlo, 1990). The western flank of Heame Hill is 
apparently the escarpment of the southeast-trentlis.g 
Morrison fault (Ogryzlo, 1990). West of the fault, 
younger Jurassic to Cretaceous Bowser Lake Group 
sediments and biotite feldspar porphyry ol’tbe Monilscn 
deposit occupy the downtbrown block 

Earlier studies showed that mint:ralizathc:ol :IS 
widespread, but not uniformly distributed. Chalcopydb:, 
bomite and molybdenite occur as fracme: fillings, and 
are disseminated throughout intrusive and country rocks. 
Mineralization is related 1~ a weakly deve+d po~phyly 
copper system (Ogryzlo, 1990) cartying bchveen O,.] ard 
0.2% Co. This system is cut by an eastdipping bnr:c:a 
pipe, 50 to 60 metres in diameter. Brcccia class: a,= 
cemented with interstii~ial cbalcopyrite, subordinae 
pyrite, malachite and amrite. Copper grades from the 
pipe range from 0.01 to 2.75% Cu. Tbe 1995 explor,tic~n 
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program has extended drilling northward from the bteccia 
body into a potentially large zone of copper porphyry 
mineralization in breccia and vein stockwork. One drill 
hole has returned an assay of 0.75% Cu and 0.32 p/t 
over the total length of the hole (301 tn). Host volcanic 
rocks are istrongly silicifiid Alteration of intrusive rocks 
includes replacement of plagioclase phenocrysts by 
sericite, and biotite by chlorite. Pyrite mineralization is 
associated with s&cite alteration The most intense 
alteration is found in the breccia pipe and adjacent 
wallrock. 

Figure 3. Simplified surticial geology of the Heame Hill 
property. See Figure 2 for legend. 1. Early Jurassic quartz 
diorite (Topley Plutonic Suite); 2. Eocene biotite feldspar 
porphyry (Sabine Phtton Suite). Shaded areas - copper values 
in soils above 100 ppm; maximum concentrations given as 
point values (data modified from Dim, 1967 and Ogryzlo, 
19W). small pentangle - “diswvery showing”. 

DRIFTE.WLORATTONR.?iiWLTS 

Heame Hill is a montane upland flanking the 
glaciated Morrison valley. Fmminent southeast-trending 
troughs and ridges occur along the hill crest. Fluted 
bedrock and striae exposed on trough walls and ridges, 
indicate iceflow between 1200 and 1600. Striae near the 
summit locally crosscut this direction and indicate 
secondary flow at 240” into the Morrison valley (Figore 
3). 

Glacial deposits are rare or absent on the steep, 
west-facing hillside. Here, bedrock is mantled by talus 
and hill-slope colluvium (Figure 3). Deposits range in 
thickness from 0.5 to greater than 2 ntetres, and are 
comtttonly oxidized to bedrock. Talus consists of coarse, 
angular rubble derived from subaerially weathered 
outcrops. Hill-slope colluvium comprises poorly 

consolidated, massive or stratified, clast-supported 
diamictons. These latter sediments are interpreted as 
glacigenic debris flows, glaciofluvial deposits and 
weathered bedrock. On the hill crest, glaciofluvial 
gravels and sands are confined to trough floors. Adjacent 
ridges are mantled by morainal deposits consisting of 
washed basal till and supraglacial tills. These tills are 
poorly consolidated, massive diamictons with oxidized 
sandy matrices. 

Forty-three collwiutu, till and glaciofluvial samples 
were collected on, or around a recently cut survey grid. 
Vertical profiles were sampled at three trenches to 
determine vertical variations in geochemical signatures 
within the surficial cover. Talus and mineralized 
boulders were sampled for assay, and will be compared 
to erratics found in a linear boulder ttain 2.5 kilometres 
down-ice from the property @hmtley et ol., 1996, this 
volume). One boulder sampled from this train has 
assayed 591 pprn copper. It is uncertain whether these 
erratics are derived from the property or from an 
undiscovered zone of mineralized outcrop on the 
southwest flank of Hearne Hill. 

Three copper anomalies were identified within a 200 
metre radius of the discovety showing during an earlier 
B-horizon soil sampling program (Dirom, 1967; 
Ogryzlo, 1990). Copper values above 100 ppm have been 
replotted in Figure 3 (background threshold for copper in 
soils is 65 ppm). The resultant dispersal pattern is 
thought to primarily reflect down-slope transport of 
weathered bedrock and surficial deposits. This suggests 
that mineralized float and soil geochetnical anomalies 
are probably sourced northeast of past exploration 
activity. This conclusion is supported by preliminary 
reports of higher grades from recent drilling in the 
northeast part of the property. Additional, down-slope 
replenishment at lower elevations is anticipated from a 
tninetalized d&e swarm extending southwest from the 
~cup~ plug (J.M. Newell, personal conmnmication, 

LENNAC LAKE 
(MINFILE 93L 190,191) 

The Lemac Lake pmperty is located approxitnately 
20 kilotnetres south-southwest of Granisle (Figure 1). 
The area is charactetized by a subdued, undulating to 
hutnmocky topography, with elevations ranging from 
880 to 1065 tnetres. Many of the ridges and knobs are 
bedrock cored but locahy these features are draped by a 
veneer or blanket of glacial sediment. Low-lying areas 
within the property are poorly drained by nutnerous 
streams and swamps. The area includes the Therar #75 
(West) (54O44’N, 126O2O’W), Thezar #81 (East) 
(54O45’N, 126O2OW), and Jacob (54O43’N, 126Ol7’W) 
mineral claims. Thezar #75 and #8 1 are currently owned 
by Cominco Ltd. The Jacob property was drilled by 
Cominco in 1993. The Lennac Lake property straddles 
the bouttdaty between 93L/l6 and 93L/09 map sheets 
(Figure 1). Access is by a four-wheel-drive toad which 
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joins the Paul Lake Recreation Road, approximately 10 These data will be used to define local clast di!rp:mal 
kilometxs northwest of the Highway 16 intersection patterns. 

Country rocks are Lower Jurassic volcanic and 
volcaniclastic rocks of the Telkwa Formation (MacIntyre 
et ol., 1996, this volume). Intrusions are hornblende- 
biotite-feldspar and quartz-hornblende-biotite-feldspar 
porphyries with a granodiorite composition, related to 
the late Cretaceous Bulkley Platonic Suite (Plicka, 
1981). They parallel northeast trending fault systems, 
mapped to the east of the area and occur within the 
Amax west and least ones of the former Therar claims. 

BELL MINE AND 
NEWMAN PENI:NS’ULA 
(MINFILE 93M 1) 

Mineralization is related to a hydrothermal system 
active daring emplacement of the Bulkley intrusive 
rocks. Well-developed pmpylytic alteration zones occur 
in Telkwa Formation volcanic and volcaniclastic rocks 
to the north of the Lennac Lake area. Sulphide 
mineralization {@y&e, chalcopyrite, molybdenite and 
minor sphalerite) borders the main porphyry bodies 
@‘licka, 1981). Qoartz-sericite-pyrite alteration occurs in 
intrusive rocks along the eastern margin of the Amax E 
zone. Amrite, malachite and bornite mineralization is 
exposed in a trench along the access road at the eastern 
limit of the pmpexty. This is the Saratt showing. Felsic 
volcanics exposed in trenches southeast of the Amax E 
zone carry gold up to 6000 ppb (Plicka, 1981). 

The Bell mine is situated on Newman Peninsula, 
within the Babine Lake basin It is 1ocatc:d 8 kilomeues 
north of Granisle, at 54oSX’N and 1:!6o 12’W. and 
straddles the 93M/Ol and 93L/16 map boundary (Figrue 
1). Much of the area is low lying, aith elevllioos 
ranging from 715 to 915 metres. TI:.e property is 
presently owned by Nomnda Mines Limited. Access is 
by the Hagan road via the Northwood barge or ‘my 
private ferry operated from the property 1,~ a gravel mad 
10 kilometres north of Gmnisle (Figare 1). 

Hazelton volcanics (possibly older :;tahini Grorp; 
see MacIntyre et al., 1996, this vohnn:) and Skeena 
sedimentary rocks are intruded by rhyodacite, biotite 
feldspar porphyry, and quartz feldspar pnphyry. These 
intrusive rocks am part of the Eocene Elabine Plkia~dc 
Suite. 

The orebody at the Bell mine ia a high-lex,el 
porphyry copper-gold deposit containing symrnetrkal 
zones of biotite-magnetite and propyl ytic altemtbm 
associated with multiple phase Babine intmsioas 
(Carter, 1981). Copper and gold occur io the intrusive 
rocks, where the Newman fault intersects an eic;t to 
northeast-trending fault. These intrusions ,xe over]xint:d 
by pervasive quartz-sericite alteratioll. Pyrite zxld 
chalcopyrite occur as disseminations and :liactare lYl:iings 
in the main stockwork and the pmpyly tic and biotite 
alteration zones. Bomite and minor molyt:#denite arc: also 
present in the biotite-altered. biotite-feld spar porphyry. 
Chalcopyrite, pyrite, and minor born&e oxur in q~~arlz- 
sericite altered rocks. 

In the property area glacial flutings indicate the last 
major iceflow was toward the east-southeast (090° to 
1200). A southeast-trending train of maroon, andesitic 
lapilli tuff and agglomerate, identified during a soil 
sampling program (Plicka, 1981) is additional 
contirmation of iceflow direction. 

Till, glacioflwial and glaciolacustrine sediments of 
vmiable thickness overlie undulating bedrock, including 
deep-weathered quartz-biotite-feldspar porphyry. 
Sediment cover ranging from a thin veneer (<lo cm) to 
several metres in thickness has hampered past 
exploration efforts. At several sample sites, supraglacial 
or washed ba,sal till overlies compact clay-rich 
lodgement till. The upper till unit, although visually 
similar to the underlying basal till, is less compact and 
much sandier in textare. 

Twenty-six till and meltwater sediment samples 
were collected from hand-dug pits and exploration 
trenches. Three of these samples were collected up-ice and 
one sample down-ice from the property to better define 
geochemical dispersal in till. Vertical profile samples 
were taken along an exposure 2 metre high in an 
exploration trench at the Surrat copper showing. Three 
samples were collected from a compact clay-rich till at 
the base of the section, over a distance of 4 rnetres. Three 
samples of the upper, sandy supraglacial till were 
collected. Data from these profiles will be used to study 
the geochernical variability in till, both vertically and 
laterally (cJ Broster, 1986). Examinations of clast 
lithologies were completed at several sites across the 
property. Clast samples were collected from both hand- 
dug pits and exploration trenches overlying bedrock. 

The Newman Peninsula has bc:en intensely 
glaciated. Well formed fluting and suiae :ze exposed c,n 
bedrock surfaces. Predominant iceflow iit the an::; was 
from 1200 to 180° (Armstmng and Tippel:. 1948; Tipper, 
1971b, 1994; Plooffe, 1991). Locally, icelow dinxrions 
deviate toward 220°, possibly due to topopphic cr~:nbol 
of iceflow daring early glaciation. Similar local icctlcw 
patterns have been observed to the norlh and east of 
Babine Lake by Hun&y ef al. (19%, this volume). 

Variable thicknesses of glacial, pxtglacitd and 
anthmpogenic sedimenti are exposed at the Bell1 r&e 
properly. Along the Babine valley and !n topographic 
lows, sedimem thicknesses reach 120 meties (Harrington 
et ol., 1974). Elsewhere, sediment occurs iis a thin veneer 
over bedrock. Deformed laminated clay:; and silts are 
exposed along the east side of the Bell open pit. These 
sediments may be equivalent to miti.-Wisconsinan 
lacwtrine sediments dated at 34000?690 HP (Hanington 
et al., 1974). Approximately 5.5 metres of grey to dark 
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brown clayey, very dense and fissile basal till overlies 
this unit The contact between those units is not exposed 
and it is not certain whether silts and clays 
stratigraphically underlie the till. Elsewhere, till overlies 
deeply weathered bedrock. Locally, dense basal till is 
capped by a layer of supraglaciai or washed till, having 
characteristics similar to the upper till unit, but less 
compact and sandier. Locally, colluvium and 
glaciofluvial sediments overlie basal till. Along the 
Babine valley, below the 760-metre level, 
glaciolacustrine deuosits draue older sediments and 
bedmck. 

A significant portion of the overburden cover has 
been distmbed by mining activity. Caution was therefore 
used when locating suitable sampling sites. Sixty-four 
till and colluvial samnles were collected from handdue 
pits, mad cuts and n&e pit exposures. Two samples 07 
preglacial silts and clays were collected to compare the 
geochemistry of the glaciolacusttine sediments with the 
overlying basal till, and investigate the possible presence 
of micmfossits. Vertical profiles were sampled around 
Bell open pit, where till exposures are in excess of 3 
metres thick. Till-clast lithologies wem examined to 
define clast dispersal trains of distinct bedrock 
lithologies. 

SADDLE HILL 
(MINFILE 93M 8) 

The Saddle Hill property, 36 kilometres north of 
Granisle, is a rolling montane upland flanked by 
Morrison Lake and a tributary valley. The property 
comprises the Double Rl to R8 claims, and includes the 
former Wolf claims (Fraser, 1980). Detailed studies 
focused on the Double Rl to R4 claims, centmd at 
5S”12’N, 126O23W (Figure 4). This area covers the crest 
of a southeast-trending hill, and the western shore of 
Morrison Lake. The claims are accessed on foot, by 
following a dimmed road that intersects the Morrison 
road 56 kilometres north of Topley Landing and the 
Northwood barge landing (Pigme 1). 

The area is underlain by Triassic siltstones, 
greywackes and mudstones and Jurassic andesites, 
rhyolites and subordinate volcaniclastic sediments, 
Country rocks are intruded and hornfelsed by an Eocene 
composite biotite granodiorite stock that is part of the 
Babine Plutonic Suite (Fox, 1993). The stock is 
approximately 700 metres in diameter and forms an east- 
west oriented ellipse with a bulge to the north (Figure 4; 
Fraser, 1980). Granodiorite and country rocks am 
intmded by biotite feldspar porphyry dikes. 

Mineralization is associated with the dikes. In 
country rocks and gmnodiorite, pyrite and chalcopytite 
occur as fii-grained disseminations or fracture coatings. 
Up to 2% disseminated pyrite and 3% fracture-coating 
chalcopyrite is reported in granodiorite (Fox, 1993). 
Quartz veins and thin sulphide-rich veins in dikes and 
granodiorite carry disseminated chalcopyrite, 
molybdenite and pyrite. Weak to intense argillic 
alteration occum adjacent to fractures and quartz veins in 

granodiorite and dike rocks. Alteration zones are up to 
10 metros wide. Biotite and hornblende phenocrysts are 
destroyed and sericite is present along fmctme surfaces. 
Hornblende is replaced by secondary biotite. Secondary 
biotite is also associated with copper mineralization 
(Pmser, 1980). 

126~2420 12602201 
Figure 4. Simplified surticial geology of the Saddle Bill 
moo&v. See Fisure 2 for leeend. 1. Eocene biotite 
~gr~odibrite (Babiie Plutonic St&); approximate position 
indicated by dashed line. Shaded areas - copper values in 
soils above 100 ppm; maximum concentrations given as 
point values (data modified from Fox, 1993). 

DRIFTEXPLOR4TIONRESULTS 

Glacially streamlined ridges and striae are exposed 
on the hill crest, spurs and valley walk (Figure 4). These 
features indicate iceflow between 140° and 167O. 
Cmsscuttlng striae on west-facing valley walls indicate 
later local flow between l8Oo and 195O. This deviation 
probably reflects Jocal topographic control on iceflow. 

Massive, matrix-supported basal ami supmglacial 
tills are contined to lower valley sides. Tills form an 
undulating to rolling moraine mantling bedrock. 
Matrices range from dense, tissile clayey silt to 
moderately dense, weakly tissile sandy silt. Gxidation is 
moderate to strong in sandier tills. Valley floors are 
blanketed by up to 5 metres of cobble-rich glaciofluviaf 
sediients. On steeper slopes and over the hill cresf 
bedrock is locally covered by poorly consolidated, sandy 
supraglacial till, and massive or stratified, clast- 
supported hill-slope collwium Deposit thicknesses range 
fmm 0.2 to 1 metm. These latter deposits are commonly 
oxidized to bedrock. 
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Eleven till and three colluvium samples were taken 
at a spacing of 1 kilometre. Additional basal till 
samples were collected around the property as part of the 
regional till sample program (Huntley et al., 1996, this 
volume). High values for copper (from 1000 to 3000 
ppm), molybdenum (up to 80 ppm) and zinc (up to 2500 
ppm) were reported in thin B-horizon soil samples 
collected over the stock (Fraser, :1980). Copper values 
above 100 ppm are replotted in Figure 4 (above a 60 
ppm background threshold; Fraser, 1980). This dispersal 
pattern is thought to reflect primary dispersal of pyrite 
and chalcopyrite in till, secondary dispersal by 
postglacial colluviation and dispersion during 
pedogenesis. 

SUMMARY 

In montane uphut&, characterized by Hearne Hill 
and Saddle Hill, steep bedrock slopes are predominantly 
mantled by veneers and blankets of postglacial hill-slope 
colhtvium and talus. These deposits are first or second 
derivative products of erosion and deposition with short 
and simple transport histories. Dispersal patterns 
observed in soils and boulders in collwium indicate a 
dominant down-slope dispersal of mineralized material 
from potential sources. On gentler slopes aud hill crests, 
bedrock is covered by colluvium and morainal 
sediments, including basal till and supraglacial till, 
Dispersal patterns in these deposits are anticipated to 
reflect a dondnanl: trend in the direction of iceflow. 

In plateau areas, characterized by the Babs and 
Lennac Lake properties, thick, undulating or rolling 
moraines blanket bedrock. Moraines contain basal, 
washed and supraglacial tills, and subordinate 
glaciofluvial deposits. Because these moraines include 
proximally and distally-sourced mineralized float and 
matrix, careful interpretation of data from soil sways, 
drift geochemistry, landforms and boulder trains is 
required to evaluate dispersal patterns. Generally, 
patterns reflect p,rhnary dispersal consistent with down- 
ice transport Secondary dispersal down-slope or toward 
local topographic lows is effected by washing of finer 
material by glaciofluvial action and postglacial 
colluviation 

In valley settings, characterized by Newman 
Peninsula, glaciolacustrine silts are ubiquitous below 
760 metres and #drape other deposits. These sediments 
have potentially complex transport and sedimentary 
histories and probably mask geochemical signatures in 
underlying sediments. It is necessary to sample beneath 
glacial lake silts to gain a better assessment of 
geochemical values in drift 

We recommend that future drift exploration in the 
Babine porphyry belt should focus primarily on 
sampling of basal till and colluvium: These first 
derivative products of erosion and deposition have 
relatively simple transport histories and can be readily 
used to trace and define mineral dispersal patterns. It is 
stressed, however, that where possible, drift sampling 
should be supported by other surticial exploration 

techniques, including B-horizon soil sampling, landfomt 
snalysis and boulder tracing. 
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INTRODUCTION 

The Babine porphyry belt in the northern Nechako 
Plateau has long been known as an area of productive 
copper, molybdmnn and gold mineralization (Carter, 
1981). A regional mapping program was initiated as 
part of the Nechako Plateau National Mapping Program 
to stimulate further exploration and define new 
mineralization targets in the Babine Lake area 
(MacIntyre et erl., 1996, this volume; McMillan and 
Stmik, 1996, t,his volume). The surficial geology 
component of this integrated pmject focused on the Old 
Fort Mountain (!)3M/Ol) and Fuhon Lake (93L/16) map 
areas (Figure 1). In this paper we report: 
. An outline of field methods used in surficiai 

mapping and till geochemistry sampling. 
. A descriptive inventory of Quaternary deposits and 

selected glacial landforms. 
. A prelhnhmry discussion of the local glacial history. 
Details of supplementary research at several mineral 
prospects in the map area are discussed elsewhere 
(Stumpf et al., 1996, this volume). 

PHYSOGtUPHIC SETTING! 

The glaciated Babine and Hautete drainage basins 
lie close to the northern edge of the Nechako Plateau 
(Figure 1; Holland, 1980). Thme physiograpbic elements 
are wmmon to these basins (Figure 2). Broad valleys are 
occupied by nmaemus takes. Fulton and Morrison Lakes 
drain east and southeast into Babine Lake, which in turn 
drains northward into the Skeena River. Hautete Creek 
lies within the Fraser River catchment and drains 
southeast, through Hautete and Natowite lakes into 
Takla Lake. Valleys are flankexi by undulating to rolling 
plateaus and uplands (Figure 2). The central and 
northeastem ptions of the 93M/Ol map area are more 
mountainous than other parts of the study area, and 
contain several peaks over 1200 metros (4000 feet), 
including Old Fort Mountain (1570 m; 5146 ft), Hearne 
Hill (1370 m; 4500 R) and Wedge Mountain (1250 m; 
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Figure 1. Location of the Old Fort (93M/Ol) and Fultos Lrke 
(93L116) map areas. Upper map modified iom Ryde: and 
Maynard (1991). 
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4100 ft), In contrast, the western part of 93MM)l and 
much of the 93L116 map area are dominated by plateau 
terrain, with glacially em&d bills standing 100 to 150 
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Figure 2. Phyiosography of study area. A - Ponded and f%e- 
draining valleys; B - Undulating and rolling plateaus; C - 
Uplands. 

FIELD METHODS 

.STLW?IC’ GEOLOGY 

Preliminary 150 OCO-scale surficial geology maps 
were prepared before tieldwo& using existing soils and 
terrain classification maps (e.g., Wittneben, 1981) and 
airphotos (suites BC 86048 and BC 87062). Terrain unit 
polygons were defined according to sUmcia1 material 
type and surface expression These criteria were coded 
and laudforms symbolized using mapping standards 
similar to those detailed in Howes and Kenk (1988). 
Preliminary mapping and airphoto interpretations were 
verified dming field traverses. 

The town of Granisle is reached by driving 48 
kilometres north from Highway 16 at Topley. Much of 
the area was accessed by an extensive network of gmvel 
roads (Figure 1). Access to eastern and northern parts 
was provided by a private barge crossing operated by 
Northwood Forest Products. Gff-road access was by 
helicopter, boats, mountain bikes, or on foot. A variety 
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of natural and anthmpogenic sites exposed overburden 
cover, including stream cutbanka, forest blowdowns, 
barow pits, trenches and roadcuts Where exposure was 
poor or lacking, observation pits were dug by hand. 

Smficial sediments and glacial landforms were 
described to aid the interpretation of till geochemistry 
data. Regional and local paleo-iceflow patterns were 
defined by planing the distribution of directional glacial 
indicators, including troughs, m&s moutonn& crag- 
and-tails, flutes and striae, on preliminary swficial 
geology maps. Glacier margina were identified from the 
spatial distribution of morainal, glaciofluvial and 
glaciolacustriue deposits. Between 20 and 50 pebble to 
cobble-sized clasta and surface boulders in surf&l 
deposits identified as baaal tills were examined for 
mineralization and rock type at till sample sites (cl 
Giles ef al., 1995). Thirty minemlized boulders were 
sampled for assay. These data will be useful for tmciug 
mineralized float to source and determining bedrock 
lithology in areas of extensive drift cover. 

REGIONK DRIFTGEOC.ZEMSmY 

Regional drift geochemistry sampling focused on 
basal tills (lodgement and basal melt-out till). These 
sediments are fmt derivative products of erosion and 
deposition with relatively simple tramport histories 
(Shuts, 1993; Levaon ef ol., 1994). As such, mineralized 
debris dispersed within basal tills can be more readily 
traced to origin thau in most other deposits. undistmbed 
basal till matrix samples (1 to 3 kg per sample) were 
collected at 293 stations on the 93M/Ol map sheet aud 
304 stations on map sheet 93U16 (Figure 3). Sample 
sites were located with a Trimble “Scoutmaster” global 
positioning system (accuracy + 50 m) or by compass 
triangulation, then plotted on a base map using the 
UTM coordinate system (North American datum 1927). 
Elevations were determined using a Tbommen altimeter, 
periodically benchmarked to spot heights and coutom’s. 
At each site, exposures were logged using traditional 
Quaternary geology mapping techniques to document the 
drift cover. obsemtions included general attriiutea such 
as map unit, sample medium, depth to bedrock, depth of 
oxidation, surface expression, slope and vegetation 
cover. Additional records were made of the internal 
structure (fissility and jointing), texture, density, colour 
and clast characteristics (mode, shape and presence of 
striae) in smficial deposits. Sampling was cotimcd to 
the unweathered C-horizon, which ranged from 0.2 to 6 
metms below surface. An average density of one sample 
per 2.5 square kilometrcs was achieved. The greatest 
density of samples was along transects perpendicular to 
inferred iceflow direction, in areas of perceived higher 
mineral potential or around known mineral prospects. 
Sample density parallel to regional i&low was lower 
(Figure 3). This sample design is consistent with similar 
regional till geochemistry surveys (Levson et al., 1994; 
Giles et al., 1995). An additional 173 samples of basal 
and ablation tills, glaciofluvial and glaciolacustrine 
sediments and colluvium were collected at five mineral 
prospects (Table 1; Stumpf ef al., 1996, this volume). 
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Samples were stored in heavy&l plastic bags, air 
dried (at 25-3OoC), split, crushed and sieved to -230 
mesh (<63 w) in the laboratory Ninety-six analytical 
duplicates, field duplicates and analytical standards were 
integrated into the sample database prior to analysis for 
quality control. Representative splits have been 
submitted for aqua regia inductively coupled plasma 
emission spectroscopy (ICP-ES) and instrumental 
neutron activatio:n (INA) analysis for 47 elements. 

126030 12e 
Figure 3. Location of till geochemistry samples. 

SURFICIAI. SEDIMENTS 

Six sUmcial sediment types occur in the study area: 
tills, glaciofluv:ial, glaciolacustine, colluvial, fluvial 
and organic deposits (Figure 4). Their relative abundance 
and areal distniution are physiographically controlled. 
The greatest range of sediment types is observed in 
ponded and free-draining valleys, where complex 
sediment assemblages may be preserved (Figure 5A). 
Deposit thicknesses in valleys can exceed 10 metres (e.g., 
Babine Lake valley). Undulating and rolling plateaus 
are covered by till, colluvium and glaciofluvial 
sediments (Figure 5B and C). In upland settings, 
colluvial deposiKs dominate on steeper slopes; tills and 
glaciofluvial sediments are confined to more gentle 
slopes (Figure SD). 

BASAL TLGLT 

Throughout the area glacially streanlined bedlock 
is mantled by massive, matrix-supported diamictox 
Deposit thicknesses range from less tlun 1 metre in 
montane uplands, to greater than 5 metres along ,v,lllc:y 
sides (log 1; Figure 4; Figote SA). Surface expressi~o:os of 
deposits range from gently undulating to rhumlitiud or 
fluted. The matrix component ranges from about :‘O YO 
90%, and is composed of moderately to a,ell wmpxtcd 
sand, silt and clay. Moderate to strong bedding-p~i:tll,:l 
fissility and moderate to strong jointing are 
charxteritic. Colour is variable and is often reflective of 
underlying bedrock. As such, it is not a distingoir,ltiig 
characteristic. Oxidation, if present, is ~predominant.y 
confined to joints or fissility planes a,nd discolours 
matrices orange to red-brown. Clasts ranpe in sin: from 
small pebbles to large cobbles, an,i consist of 
submunded to subangular local and distally delivc:d 
lithologies. Subrounded, prolate clasts usually hate 
striated, faceted surfaces and show alignment parallel .:o 
pa&o-iceflow. Massive, matrix-sopportxl diamictons 
are interpreted as lodgement tills depxitec:. at the bare lof 
active glacier ice (Dreimanis, 1988). Lodt!ement tills, are 
occasionally interbedded with thin lenses of dense, 
stratified, matrix-supported diamictons, gravel and !sani 
Subordinate intetbeds may represent ba& melt-ord: tll 
and subglacial fluvial deposits. 

SWRAGLACLAL TILLSAhD GLACTGEh’IC 
DEBRIS FLOWS 

In many areas, bedrock and basal till are martied 
by massive and stratified, matrix-supponed diamictons 
(log 2, Figure 4; Figure 5B’). Deposits ~sically have 
undulating or hummocky surface expmssions. I&al 
contacts with underlying till are either g iadational (fix 
massive diamictons) or erosional (.?or stratified 
diamictons). In contrast to basal tills, these diamicto!ls 
are less compact, have silt and claydeficient mattic~:s 
and ax pervasively oxidized. Massive diunictom have 
clast contents ranging from about 20 to 40%. 
Subangular to subrounded pebbles and c:abbles s.r: the 
dominant clast sizes, although boulders (up to 3 tn in 
diameter) are exposed close to upper surfaces. Dba&ly 
derived lithologies predominate. Massive diamictons are. 
interpreted as supraglacial tills, deposited by retreatblg 
or stagnating glacier ice. Stzatfied diamictons nli;~, be 
lithogically similar to underlying t:lls, and are 
interbedded with subordinate silt, saild or 8~a~c:l. 
Stratified diamictons resemble glacigenb: debris flows 
derived from steep, debris-covered ic:e margilrx ,)I 
remobilized tills exposed in ice-proxinul settin8r: (($ 
Lawson, 1988). Below 760 metres (2!00 ft), linear 
diamicton-filled ridges, lying perpendicular to infe:mxl 
iceflow, drape till. These ridges are mnterpreted as 
clevasse tills. 

Geological Fieldwork 1995, Paper 1996.1 
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Figure 4. Selected logged profdes. Legend: Dmm - massive, matrix-supported diamicton; Dcm- massive, clast-supported 
diicton; Lhx - s&did, clast-supported diicton; G - massive gravel; Gt - cross-trco&bedded gravel; Sm - massive sand; 
Sp - planar bedded sand; Sr - ripple bedded sand; Fm - massive silt and clay; Fl - laminated silt and clay. Additional qualitiers: 
d - dropstones 

VALLEYS UNDULATING PLATEAUS 

Longitudinal profile 

Cross profile 

Figus 5. Simpliied depositional models for valleys, plateau and upland areas in the Old Fort (93M/Ol) and F&on Lake 
(93LM) map areas. Note figures are not to scale. 

GLACIOEZWSD~~ 

Sequences of interbedded clast-supported gravel, 
subordinate sand and stratified, matrix-supported 
diamictons are confined to bedrock and till-walled 
channels in upland areas (Figure 5D). In valleys and 
plateaus, similar sediment assemblages form terraced 
beaches (kames), sinuous ridges (esken) or undulating 

terraces (spillways and outwash plains) in proximity to 
ablation and basal till (Figure 5A and B). Raised deltaic 
sequences (fan deltas) are also preserved above 
contemporary lake margins. Thickest deposits (> 5 m) 
occur along valley floors (log 3, Figwe 4). Gravels are 
composed of poorly sorted, rounded, polymictic clasts, 
ranging in size from pebbles to cobbles. Crude may be 
imbricated. Upward coarsening is seen in some fan delta 
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sequences (log 4; Figure 4). Sand interbeds are well 
sorted and normally graded. Planar cross-bedding, 
trough-cross bedding and ripple-drift bedding are 
preserved and frequently indicate paleoflows contrary to 
contemporary drainage directions. Locally, in the F&on 
Lake basin, sand beds contain numerous calcite 
concretions of unknown origin. Gravel, sand and 
diamicton assemblages are interpreted as ice-proximal 
glaciofluvial deposits (Rust and Koster, 1984). 
Interbedded diamktons closely resemble glacigenic debris 
tlOWS. 

On the Newman Peninsula and the south-central 
flank of Babine Lake, massive clays and sands with 
dispersed dropstones, outcrop to a maximum elevation of 
790 metres (2600 ft). These deposits are truncated and 
overlain by thin clast-supported debris-flow diamictons 
and basal till. Rip-up clasts, containing diamicton, are 
locally preserved in the sand unit close to the overlying 
contact (log 5; Figure 4). Along the valley margins of 
Haut&te Creek, rhythmically bedded silts and sands 
locally overlie kame deposits up to an elevation of 885 
metres (2900 ft). Around the margins of Babine and 
Natowite lakes, massive and laminated fine sand, silt 
and clay beds are draped over winnowed tills up to 
elevations of 760 metres (2500 ft) and 790 metxs (2600 
ft), respectively. GeneraIly, unit thicknesses range from 
0.2 to 1.5 metres. Deposits up to 3 metres thick occur 
close to flanks of fan deltas and other stream outlets. 
Crevasse fills, glacigenic debris flows and fan delta 
deposits are 1ocaUy interbedded with, or prograde over 
finer sediments, for example in the Morrison Creek and 
Fulton River areas (logs 3 and 4; Figure 4). Faceted and 
striated clasts (interpreted as dropstones) are dispersed 
throughout these deposits and frequently display load 
structures. Similar sediments are rare in the Morrison 
Lake valley, where sediment assemblages, bedding 
chamcteristics and grain-size distributions are consistent 
with deposition in ice-proximal glacial lakes. 

COLLiTJvwM 

Bedrock and glacial deposits on slopes greater thaa 
150 are commonly mantled by massive and stratified, 
c&t-supported diamictons, and massive deposits of 
bouldery rabble (Figure SD). Proportionally, these 
sediments are most common in upland areas. Deposit 
form varies fmm homogenous blankets to fan aprons 
(log 6, Figure 4). When seen, basal contacts with 
underlying glacigenic deposits are predominantly 
erosional. Diamicton matrices comprise predominantly 
poorly consolidated sand that may display slope-parallel 
fissility and bedding. Diamictons are primarily 
composed of subangular, mechanically weathered 
bedrock fragments; subrounded, distal clasts may be 
present if diamictons arc derived from glacigenic 

sediments. Clast contents mnge from 45 to 80%. Prolate 
clasts are crudely aligned parallel to slrlpe. Boulde:: 
deposits are generally monolithic and (composed o:? 
locally weathered bedrock. Clast-supporte:d diamicton; 
and boulder deposits are interpreted a!; postgla.:ial 
sequences derived from subaerial weathering: and gravity 
induced mass movement, and includ,e hill-s:l:lpc 
colluvimn and talus 

FLUVUL AND ORGANIC SEDIMENIS 

Throughout the area streams have ircised gullies 
and channels into older deposits or bedrock (Figure SP. 
and B). Along active stream beds, sands arid gravels M: 
stored in migrating point, and in-channel bars. IVimc 
stable deposits are found in broad, relict floodplains, 
now drained by underfit streams. Sand beds are generaJl:r 
well sorted and normally graded. Grav:l clasts ian: 
rounded to well rounded, range from pebllle to udibh: 
size, and have highly variable provenance; When wea, 
paleoflow indicators (e.g., trough-cross ard ripple-drift 
bedding) are consistent with contemporary drai~nagc 
directions. In plateau and montane areas, orl;anic 
deposits are confined to hummocky dep~xssions, and 
overlie till and glaciofltial sediments. In ponded valle!r 
reaches, organic deposits form floating ve :etation mat; 
that encroach upon open water. 

GLACIAL GEOMORPHOLOGY 

EROSIONAL LAhDFORMS 

Cirques, horns, a&es, and other landformj 
indicative of alpine glacier accumulatkn areas, an: 
found northwest of the study area, in the Ilabine Rang: 
and Skeena Mountains (Figure 1). Witldn the area, 
glacial troughs, crag-and-tails, roches moutonn&es, 
drumlins and flutes occur where soutbz~terly iceilow 
from these sources followed the pmmiwnt regional 
structural grain These featores probably xcord tbz iast 
dominant regional iceflow direction (Figur;: 6A). Small- 
scale grooves, rat-tails and striae are best preserved o:~ 
tine-grain4 volcanic and elastic rocks, and chert-pebbly: 
conglomerate. Striae in some montane iireas, and on 
larger streamlined landforms, imlicate localized south to 
southwest deflection of regional iceflow (Figure 6Aj. 
These deviations imply that small bedrwk obsta::les 
controlled basal iceflow patterns at a local scale. No 
limit to glaciation was observed in the study area. 

MORAINti COMPLEAEX 

In montane uplands, bedmck is coverod by veneers 
or patchy morainal blankets, comprisir:g glacigeni: 
debris flows, subordinate glaciofluvial st:diments :mi 
basal till. Postglacial talus and hill-s1olz-e colluvimn 
unconformably overlie moraine sediments on ste:per 
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Figure 6. Glacial geomorphology of the study area 

slopes (e.g., Figure 5D). Plateaus are mantled by fluted deposits form outwash plains, eskers and kame terraces 
and drumlin&d gnxmd moraines composed of basal till, (e.g., Figure 5A, lower diagram; Figure 5B, lower 
with subordinate supraglacial till and glaciofluvial diagram). Morrison and Babine lakes are separated by a 
sediments (e.g., Figure 5C). Collwium is locally mominal complex of basal and supmglacial till, with a 
dominant in billy areas. Ground moraines deposited in maximum surface elevation of 780 metres (2560 ft). Tbe 
the Babine, Fulton and Hautete valleys comprise moraine is incised by meltwater channels tbat drain 
undulating, hunnnocky or kettled blankets of basal and south to fan deltas formed at 760 mehes (2500 A; Figure 
supmglacial tills in equal abundance (Figure 5B, upper 6B). Below this elevation, washed tills are overlain by 
diagram). A lateral moraine is preserved in tbe no&east fan delta sequences, crevasse fills and massive 
corner of the map area. Subordinate glaciofluvial glaciolacustine silts ammui much of Babine Lake. 
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ELEVATlON RANGE OF MELTWATER CHANNELS 

7 AND LAKE LEVELS 

lb 26 3b 40 5b 
Ki!omelre$ 

Meltwater channels graded between ca 1220 m (4000 ft) 
and cd. 1160 m (3800 ft) 
Meltwater channels graded between ca. 1070 m (3500 fl) 
and ca 915 m (3600 ft) 
Meltwater channels graded between ca. 885 m (2900 f,) 
and ca. 790 m (2600 ft): also elevation of glacial lake 
Natowife Ica.790 m: 2600 R1 
Elevationbf glacial ieke B&e (ca 760 m; 2500 ft) 
Elevation of Babins Lake (ca. 710 m; 2335ft) 

Figure 7. Siplified elevational distribution and drainage directions of melhvater channels and lakes in the :tudy are%, 

ERRATICT, INDICATORSAND BOULDER 
TRAINS 

Mineralized erratics are found throughout the area 
(Figure 6A). Linear boulder trains, up to 5 kilometres 
long, originate 2.,5 and 7 kilomebw southeast of Hearne 
Hill, and 2 kilomtres east of Hautete Lake (Figure 6A). 
Although dispersal patterns are consistent with 
southeasterly transport by ice, identification of sources is 
complicated as many boulder lithologies are superficially 
similar, or have several potential provenances. Two 
indicator lithologjes are recognized and provide a first 
order approximation of clast transport distances. In the 
western half of l,he 93L/16 map area, ground moraine 
and glaciofluvial sediments contain a significant 
proportion of granodiorite boulders and pebbles. A 
probable source area for this lithology lies 70 kilometres 
northwest, near hfount Thoen (D.G. Maclmyre, pemmal 
communication, 1995). Chen-pebble conglomerate, 
emded from outcmps in the northwest part of the 93MRll 
map sheet, is observed in moraines throughout the study 
area. Generally, clast size decreases and roundness 
increases down-ice from sources. The distribution of 
conglomerate boulders suggests potential debris hansport 
distances of a minimum of 60 kilometres from source. 

GL4CIOFlXJVL4L AND GLACIOLKlJSlRINE 
L4NDFORM.S 

In montane uplands, meltwater flow was focused in 
bedrock &am& formed on hill crests (Figure 6B; Figure 
7). These relict landforms are graded between C(I. 1220 
metres (4000 ft) and 1160 metres (3800 ft); paleoflow 
was to the southeast. Hydrological continuity between 
hill crests was probably maintained by supraglacial 

channels formed on ice below 1220 meties. A sewni 
system of meltwater chalmels, with originating 
elevations cu. 975 metres (3200 ft), drai:lted westward 
from Haut&e valley to kame terraces fol:med at al,otd 
915 m&es (3000 ft.) along the eastern flank of the 
Babine valley (Figure 6B; Figure 7). This drainage 
pattern implies that glacier ice occupiec:. the Haut&e 
vslley to a minimum elevation of 975 me:ras (32CKl AI. 
Elsewhere in the Babina valley, southa&crly palelsElow 
was confined to ice-marginal spillways incised into 
morainal sediments over the plateau. Th: presence: cmf 
eskers in the Babine and Fulton valleys indicatei &at 
drainage was partly through subglacal conthlib;. 
Westward drainage into the Babine vallq, ended when 
ice levels in the Hat&e valley fell to b:low ca. ,975 
metxes (3200 ft). Below this elevation, kame termcer;, 
eskers and spillways in the Haut&e valley have profile s 
graded from ca. 885 metres (7.900 ft) to c 2. 790 metrc s 
(2600 ft; Figure 7). This latter elevation is the minimum 
water level of an ancestral Natowite Lake, informally 
namad “glacial lake Natowite”. In the Eabine valley, 
another system of meltwater channels an.. fan del.tas is 
graded to 760 metres (2500 fl; Figure 7). By this stage, 
contemporary drainage patterns were established. ‘The 
760~mue elevation defines a minimum wfer lavel~ lix a 
deglacial lake partly impounded by morainal sedimu:ms 
between Morrison and Babine takes (Fig,are 6B). I3.s 
lake is informally named “glacial lake Bai ine”. 

QUATERNARY HISTORY 

The contemporary landscape of the central Babire 
Lake area is the product of multiple gkwal and fluvial 
cycles operating throughout the Quatemary. Pro-la1.e 
Wisconsinan fluvial and lake deposits a~ dmetied in 
the study area (Harrington ef ol., 1974). h4ammoi.h 
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skeletal remains and plant material provide an Olympia 
nonglacial interval age of CCI. 34 ka for these sediments. 
Pre-late Wisconsinan deposits rest unconformably on 
glacially eroded bedrock, which suggests at least one 
phase of pre-Fraser glaciation in the area 

Most sediments and landfonns are inferred to be the 
product of the late Wisconsinan Fraser Glaciation. 
Glacier advance was probably marked by ice 
accumulation in the southern Skeena Mountains and 
Babine Range, northwest of the study area (Figure 1). 
Broad valley glaciers from these sources probably flowed 
southeast into the Babine and Haut&te valleys. 
Glaciolacustrine sediments overlain by basal till indicate 
that a glacial lake was ponded in the Babine valley 
during ice advance. Deposition in @s lake continued to 
a minimum upper elevation of 790 metres (2600 ft) 
before being overridden by Fraser Glaciation ice (log 5; 
Figure 4). It is unclear how this lake was impounded. 

No limit to glaciation was observed. This suggests 
that by the glacial maximum, ice had inundated the 
entire area. At this time, the dominant iceflow was 
southeast. Minor deviations in this pattern occurred in 
upland areas, or in areas with ice-sculpted bedrock. In 
many areas, bedrock is mantled by Fraser Glaciation 
basal till. These tills are the dominant components of 
extensive dmmlinized and fluted ground moraines. 
Recent studies by Plouffe (1991) and Tipper, (1994) have 
identified an area of glacial ice coalescence along the 
southern part of Babine Lake. Glaciers moving 
southward out of the Skeena Mountains, across the 
Babine Lake valley, were diverted eastward by glaciers 
originating in the Coast Mountains and flowing 
northeast along the Nechako valley. 

The distribution and composition of moraines and 
glaciofluvial landforms is consistent with frontal 
recession of active glaciers and downwasting of stagnant 
ice confined to valleys (Ryder and Maynard, 1991). 
During the later stages of ice retreat, Babine and 
Natowite lakes were dammed by momines, outwash and 
ice, and ponded to elevations of 760 metres (2500 ft) and 
790 m&es (2600 ft). Outlets for these deglacial lakes 
have yet to be identified. In addition, the hydrologic 
relationship of these lakes to glacial lake Fraser, which 
had a similar range of surface elevations (Clagoe, 1988), 
has yet to be investigated. 

CONCLUDING REMARKS 

Current research in the central Babine Lake area has 
been directed to understanding sediment and iceflow 
patterns in a la&cape extensively mod&xl by multiple 
glacial cycles thmuglmut the Quaternary. Physiographic 
setting and topographic position during glacial advance 
and retreat largely determine the areal distribution and 
sediment characteristics of glacigenic sediments. 
Glacially streamlined landforms and striae indicate 
regional iceflow toward the southeast. Localized 
deviations in basal iceflow patterns were effected by 
smaller bedrock obstacles. The possxbility of interaction 
between coalescing glaciers from multiple sources 
suggests a complex depositional history for the area. 

This observation has important implications when 
interpreting geochemical dispersion patterns in basal 
tills. 

At least three glacial meltwater systems evolved 
during deglaciation, progressively grading to lower base 
levels. Not only do these drainage networks appear to be 
interconnected with the evolution of glacial lake Fraser, 
but the lowest base level is coincident with a lake 
impounded behind morainal sediments, informally 
named glacial lake Babine. Further work will be 
undertaken to investigate the complex relations between 
the glacial lake Fraser and glacii lake Babine drainage 
systems. 

The extent to which physiographic setting and 
topography have influenced iceflow, sedimentation 
patterns, and geochemical distribution patterns, down-ice 
from known mineral prospects remains unclear. We are 
cumently developing an effective drift e@oration model 
to study the glacial and sedimentation processes 
occurring in mineralized areas with variable relief and 
complex geology. 
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NORTHERN VANCOUVER ISLAND INTEGRATED PROJECT 

By A. Panteleyev, P.T. Bobrowsky, G.T. Nixon and S.J. Sibbick 

--.-- 

KEYW0RD.9 Northern Vancouver Island, regional 
geology, suctitill geology, drifl exp~omlion, emnomic 
geology, hydrothermal alteration, mineral deposits, 
exploration geochemistry. 

INTRODUCTION 

The Northern Vancouver Island integrated project 
(Figure 1) was i.nitiated in 1993 as part of an effort by 
the Ministry to revitalize base metal exploration in the 
province. This “targeted” geoscience program 
(Panteleyev et al., 1994) includes bedrock and sorticial 
geological mapping; water, till and bedrock 
geochemistry; ;and alteration and mineral deposits 
shdies. A major focus is to provide a clearer 
understanding of the nature of the Bonanza volcanics, 
their geochemical expression and their mineral 
potential. The tori&al plan was to have a two-year 
program ending in 1994; the regional bedrock mapping 
component was extended in 1995 for one additional 
year. The program is jointly funded by the 
Canada/British Columbia Mineral Development 
Agreement (MDA). Results of the most recent stadies 
are described below. A final report summarizing the 
VSIiOUS component studies and specialized 
Stdigl-@iC, gwchronologicd, remote sensing, 
paleontological, geophysical, aad other support 
iwestigations, will be made ready in 1996. 

Figure 1. Location, map. 
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REGIONAL BEDROCK MAPHNG 

Mapping in the 1995 field season cwered the Alice 
Lake map sheet (92U6) which extends from the 
southeastern extremity of Qoatsino Sclmd (Neroutsos 
Inlet) eashvard to the northwestern sho1.e of Nbnpkish 
Lake. The northeastern part of the map an:a is 
underlain extensively by subaerial floor1 basal& of the 
Upper Triassic~Kamutsen Formation; the soothe:m aad 
western parts of the area by northwesterly stnkirg, 
southwesterly dipping units of the orrerlying l:pYwx 
Triassic Qoatsino and Parson Bay tormations and 
Lower to Middle Jurassic Ekmanza grotp volcani:: and 
sedimentary sequences. The area i:; intrudedi by 
granitoids of the Island Pluto& Suite, the: most 
important of which, the Coast Copper stock, is eqosed 
south of Benson Lake and is genetically related to past- 
producing copper-iron-gold &am dc:posits iirl the 
vicinity of Merry Widow Mountain. The most 
significant results of the 1995 field program ue 
summarized below. Previous project work has been 
described by Hammack et 01. (1994): Nixon et 11. 
(1994; 1995) and Archibald and Nixon 1.1995). 

Major matic to intermediate pyroclastic and 
proximal epiclastic deposits are inlxcalattil with 
@pical Parson Bay lithologies, namely cti to q wxtinm 
gcey, thin to nledimn~ loctily coK,iiline, 
carbonaceons lime mudstone, and argillaceous ‘tc silty 
limestone. The volcanic rocks are dark ~;?ey-greza, tiJn 
to thick bedded, predominantly lahari: brecciaz and 
lapilli toffs of probable phreatomqmatic origin, 
containing clinopyroxene sod sparse amphiLwle 
phenocrysts and commonly clasts of Qwtsino 
limestone. The lowest pyroclastic horizons -within 
the upper few metres of the Q&sin0 li meaIone that is 
locally rich in corals, bivalves and arlmonoids The 
stratigraphic position of the volcanic m&s implies: that 
they are Upper Triassic, which makes them the only 
volcanics of this age presently known on Vancomw 
Island. This conclusion is presently being tested i.n Ihe 
laboratories of M.1. Orchard of the Ge~dogical Survey 
of Canada by the processi ofssampl~:s coUect<xi :br 
concdonts, and by laser Ar /Ar dating: of amphiimles 
separated from the taffs by D.A. Archil:old of Queen’s 
University. 

Metasomatism at the periphery of epidotc: and 
garnet-bearing skarns in the Merry Widow ;uea 
preferentially affects the upper parts elf the Quatsino 
limestone and lowermost Parson E;ay sedimerts, 
especially the coarser volcaniclastic sequences ,wti.ch 
are more permeable. Such controls on magnetite:-r.ch 
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skarns and associated solphide ore deposits were noted 
by previous workers. 

Major sequences of subaerial aphtic to 
plagioclase-phyric basalt of probable tholeiitic aftinity 
characterize Bonanza volcanic stratigraphy around the 
shores of Victoria Lake and south of the Benson River. 
These flows may be genetically linked to the younger 
Coast Copper stock, a composite hornblende-bearing 
gabbroic to monzonitic intrusion. Lithogecchemical 
studies of the Bonanza volcanic rocks and Island 
Plutonic Suite are currently in progress. 

SURFICIAL GEOLOGY 

Sutficial geological investigations on Northern 
Vancouver Island have stressed three components 
during the life of the project: Quaternary geologic 
history, till geochemistry and new geophysical 
applications. To date, preliminary and/or final results 
of all three elements have been addressed in a series of 
reports and maps presented elsewhere (Bobrowsky and 
Meldrum, 1994; Bobrowsky et al. 1995; Huntley and 
Bobrowsky, 1995). 

Fieldwork in 1995 consisted of follow-up studies in 
geophysical applications. A max-min frquency- 
domain electromagnetic survey was completed at site 2, 
Mine View Road, near Island Copper mine, to improve 
the interpretation of bedrock lithology and shear zone 
location under the monotonous drift cover. Detailed 
magnetic rn-ements were also taken at site 3, near 
the Red Dog property, to complete the “frontier studies” 
aspect of the project. Interpretive papers on the 
geophysical studies are in progress to complement a 
recently released open file (Lowe et of. 1995). The till 
geochemistry data will be published in a separate open 
file @brow&y and Sibbick, 1996). The latter provides 
a documentation and synthesis of the till geochemistry 
samples collected in NTS sheets 92U5,6,11 and 12 
over the past several years by the Gdogical Survey 
Branch. 

MINERAL DEPOSITS STUDIES 

The mineral deposits component of the integrated 
project investigated porphyry copper, and other 
introsion-related mineralization, in a belt of mainly 
Bonanza volcanics and Island intrusions west of Island 
Copper mine. The study focused on the potential for 
additional types of copper-gold-silver mineralization in 
both “transitional” and epithennaI high-solphidation 
envimnments. The transitional hydrothermal 
environment can be considered to cccor between the 
tops of porphyry copper deposits, and their uppermost 
expressions at ground surface, as acidic crater lakes or 
solfateras. 

The study of intrusion-related transitional 
hydrothermal environments is provincial in scope. It 
was initiated in 1991 in northern Vancouver Island and 

continued in 1992 in the well exposed high-level, 
siliceous, advanced argillic alteration zone at Mount 
McIntosh, its underlying porphyry copper deposit, the 
Hosharnu prospec& and elsewhere in the province. In 
1993 the study concentrated on northern Vancouver 
Island and was incorporated into the integrated project. 
In 1994, fieldwork was limited, but core from a number 
of diamond-drill holes on the Ho&mu deposit was 
examined and representative samples selected, 
additional drill core from Hushamu/Monnt McIntosh 
was examined in 1995. Sommaries of previous work 
are given in Panteleyev and Koyanagi (1993,1994). 

The current project’s field component is now 
concluded. A mineral occurrence model can be 
fornulated. Much of the present interpretation is based 
on comparisons with circum-Pacific mineral deposits, 
active volcanoes and geothermal systems in the 
Philippines, Japan, Chile, and elsewhere, that are 
described in the scientific literature. The key issue in 
this study is to determine whether the extensive 
advanced argillic alteration zones, and their contained 
acid-leached rocks, are parts of productive, 
magmatically influenced hydrothermal systems, and 
can be mineralized or, alternatively, are products of 
boiling, vapourdominated acid-leaching systems, 
which are barren. We cannot, nor can anybody else 
without much additional expenditure and exploration 
effort, provide a conclusive and definitive answer for 
the northern Vancouver Island study area. Certaioly the 
Mount McIntosM-Iushamu example testifies that rocks 
in high-level, advanced argillic, acid sulphate 
hydrothermal systems contain (weakly developed) high- 
sulphidation mineralization. Based on this example, 
other zones in the belt appear to be permissive for 
transitional to high-sulphidation epithermal precious 
and base metal mineralizaton. 

The geochemical expression of the porphyry 
copper, and related high-sulphidation mineralization 
and advanced argilliJacid solphate alteration in acidic 
waters derived from the weathered (oxidized and 
leached) hostrocks is summarized elsewhere 
(Panteleyev et 01. 1996, this volume). 

EXPLORATION GEOCEfEMISTRY 

Fieldwork was conducted during 1995 on the 
exploration geochemistry component of the project. A 
small number of water, moss sediment and stream 
sediment samples were collected in the Macjack River 
area and from Hepler Creek, which drains the 
Hnshamu deposit. Data from these samples aill be 
incorporated into the f%al Northern Vancouver Island 
project report. The geochemistry section of the report 
will focus on two main topics: 

* The application of catchment basin GE analysis 
to RGS data. 

- The mineral concentration properties of moss 
mats. 
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Prelimimuy resalts from these studies are already 
published Open File 1995-12 (Sibbick and I-aunts, 
1995a) reports on the integration of geological and 
RGS data to predict potential areas for intrusion-related 
mineralization. :initial work on the concentration of 
heavy minerals by moss-mats was published in the 
journal Explore (Sibbick and Lawus, 1995b). 
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NATURAL ACIDfC DRAINAGE IN NORTHERN VANCOUVER ISLAND - 
ITS PLACE IN GEOENVIRONMENTAL ORE DEPOSIT MODlELS 

By A. Panteleyev, S.J. Sibbick and V.M. Koyanagi 
--.-- 

KEYWORDS: acid rock drainage, pH, dissolved metals, 
“0rthtx” va”couver Island, gme”viro”“le”tal ore 
deposit models, acidic water geochemistry, advanced 
argillic alteration. 

INTRODUCTION 

During the co- of mineral deposits studies in 
Northern Vancwver Island (Fi’igure 1) as part of a” 
integrated project (Panteleyev et al., 1994). stream waters 
emanating from,, and flowing through, large areas of 
pyritic rocks were found to be strongly acidic (commonly 
~4 pH). The bedrock sources for the acidic waters are 
hydrothermally altered and mineralized Bona”za 
volcanic rocks and some Island intrusions containing 
porphyry copper mineralization and large zones of 
advanced argillic alteration. 

- 

GEOLOGICAL SETTING AND 
MINERALIZATION 

The regional geological setti”g of the Quatsino 
Sound area is described by Nixon et al. (1994) and 
Hamnmck et al. (1994). The style of mineralization and 
alteration 15 to 40 kilometres to the west of Islaad 
Copper tie, mainly in the Bonanza volcanic rocks and 
to a lesser extent in the Island intrusions, is discussed by 
Panteleyev and Koyanagi (1993, 1994). Ages of 
hostrocks, hydrothed systems and alteration minerals 
are snmmarid by Archibald and Nixon (1995) and 
Panteleyev et al. (1995). 

The principal mineral deposits in the study area are 
the intrusion-related, pyrite-rich Husham” and Red Dog 

porphyry copper deposits. A number of related, snrlller 
pyritic zones are also present, for exanple the Hep 
deposit. The Hushamu deposit has ar overprirrt of 
advanced argillic alteration that is expressed :i’: the 
siliceous “capping” on Mount McIntosh. The &ration 
(quartz-pyrophyllite-kaoE”ite-ahmite-mn~itediaspot~) 
is superbnposx& together with muggy q”ajtz, and w:akly 
developed, high-sulphidation epithemul minetalizrtion, 
on the deeper, underlying Hushanm pc:‘rphyry lejpper 
deposit. The advanced argillic overprinting oxcuxd 
when the late hydrothermal system collapsed onto the 
deeper copper-bearing, predo”li”ai1tly q1rnlz- 
sericite/illite-pyrite and quartz-amphibole-magm:tile- 
chlorite alteration zones. Both the upper Mount McIctosh 
and the underlying Hushamu zones are (:“t by yc~ungcr, 
siliceous hydrothermal breccias. The weakly devel,Jpxl 
epithermal mineralization that accompani~:s the advanced 
argillic and vuggy quartz alteration contains abluxiant 
pyrite with minor enargite, chalcopyrite:. covellitc and 
chalcocite (Panteleyev and Koyanagi, 15194; Da&r et 
al., 1995). 

There is widespread advanced argill ic alteratlca to 
the east of the Hushanm deposit t,xougho”l the 
Pembelton Hills over a distance of about 11 kilometms, 
and in the western part of the st”dy area ,it the Red Dog 
deposit and the nearby Northwest Expo c:laim area It is 
evident as pyritic quartz-kaolinite-ah&e alteralion in 
the rhyolitic Bonanaza map ““its. Centres of most 
intense alteration seem to be associates. with rhyolite 
dome emplacement, associated vent deposits and 
hydrothermal b&a bodies. I” addition to aburldilnt 
pyrite, quartz-ahmite is widespread an:; there :is tire 
enargite, wvellite and chalcocite; native stdphtu is 
locally abundant. The strongly altered, silhrxus, 
aluminous rocks have been hydmthemx&y acid ltxr:h~zd. 
They lack buffering (acid neutralizing 1 capacity and 
weathering of the highly *tic rocks gives ,rir;e to 
extensive zones of near-&ace, secondxy @pet j:e”e) 
acid-leached limonitic rocks. 

GEOCHEMICAL WATER SAMPLING 

Starting in 1991, and continuing in 1992 and !19!)3, 
stream and various standing waters ‘(were mezmued 
directly in the field for pH, conductivity and total 
dissolved solids (TDS) at :!48 sites, using a C!crning 
Checknmtem” M90 portable micmpmcessor. Pmlindrslry 
msults are summarked by Koyanagi .md Pantilcyw 
(1993, 1994). Water geochemical samples were taken 
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SUMMARY OF THE, INTERIOR PLATEAU PROGRAM: ACTMTIES BY 
THE BRITISH COLUMBIA GEOLOGICAL SURVEY IN THE SOUTHER‘t 

NECHAKO PLATEAU (Parts of 93F,C,K) 

By L.J. Diakow, S.J. Cook, R.A. Lane, V.M. Levson and T.G. Schroeter 

(B.C. Ministry ofEnergy. Mines and Petroleum Resources Contribution to the Interior Plateau Progran: Canada .- 
British Columbia Mineral Development Agreement 1991- 1995) 

KEYFVORDR Southern Nechako Plateau, Interior 
Plateau, regionid geology, suficial geology, mineral 
deposits, lake sediment geochemistry, till geochemistry. 

INTRODUCllON 

The Interior Plateau Program is a federal-provincial 
multidisciplinary geoscience initiative timded under the 
guidelines of the Mineral Development Agreement. The 
program, ongoing since 1992, and involving projects by 
geoscientists from the Geological Survey of Canada and 
the British Columbia Geological Survey Branch, 
concluded in 1995. Individual projects are currently in 
the write-up sta.ge, with fmal reports to be collated in a 
volume that is scheduled for publication in March, 1996. 

Prospective geological environments for a variety of 
mineral deposits exist in the Interior Plateau as inferred 
from some important mines located in the region (Figure 
1). However, mineral exploration in this region has 
generally been h,ampered by a number of factors, some of 
which include: inaccessibility, vegetation and glacial 
COYW, and a blanket of Neogene lava flows. Outdated 
bedrock mapping and lack of swficial mapping, regional 
gochemistry and modem geophysical coverage were 
major deficiencies in the geoscience database prior to the 
start of the Interior Plateau Program. The plupose of this 
program was to identify mineral potential and promote 
mineral exploration through improved understanding of 
the geology of the region. Furthermore, there is a need to 
develop and evaluate drift exploration models and 
geochemical exploration techniques applicable to drift- 
covered plateau: regions, and to determine geochemical 
patbfmder elements and their significant thresholds in 
tills and lake sediients on the Interior Plateau. 

Projects directed by the British Columbia Geological 
Survey Branch include bedrock: and sticial geology 
mapping at 1:50 000 scale, till and lake sediment 
geochemistry and mineral deposit investigations (Figures 
2 and 3). Mat of these scientific studies were fully 
integrated and conducted in the Nechako Plateau. The 

exception is in the southern Fraser P.ateau, whele 
bedrock mapping along the Coast-Intermontane belt 
boundary was completed in 1995 (see Scl~iariua, 1996; 
this volume). 

.--. 

Figure 1. Tectonstntigraphic tenanes and llhysiognphic 
subdivisions in central British Columbia. 

The integrated approach of projects i 1 the Nechako 
area has been highly successful; significantly imp:rwing 
geological understanding and having a profound impact 
on grassroots mineral exploration. During the 1993 ,Geld 
program, new mineral cxcurences such xs the Tommy 
gold prospect was discovered. More than 1300 Iclaim 
units were staked in 1994; more than ten <ies the :.9!)3 
level, and a 35% increase over 1992. Tbi: activity :.!i tie 
direct result of new discoveries and publ,ication of nw 
geoscience data, specifically bedrock, till and regior~al 
geochemical maps. 
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TATLAYOKO PROJECT UPDATE 
(92N/8,9,10; 920/5,6,12) 

By Paul Schiarizza 

KEm0mS: Tallayoko Lake, Niut Mountain, Fish Lake, 
Mount Moore Formation, Relay Mountain Group, 
Methow Terrane, Tyaughton-Methow basin, Skinner 
gold-quartz vein. 

INTRODUCTION 

The Tatlayoko bedrock mapping program, funded by 
Ihe 1991-1995 Canada - British Columbia Mineral 
Development Ageement, was designed to update the 
geological database for the eastern Coast Belt in parts of 
the Mount Waddington and Taseko Lakes map areas, and 
to integrate the !:&wtural and stratigraphic relationships 
established within this area with rapidly evolving 
concepts regarding the tectonic and stratigraphic 
tiamework of the region. This will provide an improved 
geological tiamework for understanding the settings and 
controls of known mineral occurrences in the area (e.g., 
Fish Lake, Skier) and for evaluating the potential for 
additional discoveries. The program was initiated in 1992 
with geological mapping of the Mount Tatlow map area 
(Riddell er al., 19933b). No fieldwork was done in 1993, 
but the project was continued in 1994 with geological 
mapping of the Tatiayoko Lake map area (Schiatizza ef 
a[., !995a,b). Fieldwork was completed in July of 1995, 
when two and a half weeks were spent mapping in the 
Niut Range in the northwestern comer of the project area, 
and two days were spent revisiting the geology near Fish 
Lake. The present report summarizes the fmdiags of this 
1995 fieldwork, and also presents a simplified map, 
tectonostratigmphic assemblage diagram and table of 
mineral occurrences, which provide an overview of the 
geology of the entire study area (Figures 3 and 4; Table 
1). 

The Tatlayoko project area covers the transition from 
the rugged Coast Mountains in the southwest, to gently 
rolliig topography of the Fraser Plateau to the northeast. 
Mount Nemaia, in the central part of the area, is 250 
kilometres noti!wxxthwest of Vancouver and 155 
kilometres southwest of Williams Lake (Figure 1). The 
eastern part of tile area is accessed by an all-season road 
that extends southwestward from Highway 20 at 
Hanceville to lhe Nemaia valley. A seasonal road 
branches off it at the Taseko River and continues 
southward to the Taseko Lakes. ‘Tatlayoko Lake, in the 
western part of the area, is accessed by an all-season road 
that extends south i?om Highway 20 at Tatla Lake. A 
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5’ .J 
Figure 1. Location of the Tatlayoko project zirea. This map 
also provides an index to recent geological nlapping b:y the 
British Columbia Geological Survey Branch :Ind 
Geological Survey of Canada in adjacent parts of‘ the 
southeastern Coast Belt and adjacent Intermoi&+ne Bell: 

branch 6om this road extends eastward to the nonh er d 
of Cbiiko Lake, and a seasonal road crosxs the Cbilko 
River and continues southward to Tsuniab Lake and the 
Nemaia valley. 

REGIONAL GEOLOGIC SETTI:VG 

The geologic setting of the Tatlayoko project arta is 
summarized in Figure 2. It encompasses the bowtiy 
between the Coast and Intermontane morphogeol~~gic 
belts. Within the Tatlayoko project area this bouuiruy 
corresponds to the Yalakom fault, a majo]: linear fea.twe 
that extends for about 300 kilometres and v,as the locus #If 
more than 100 kilometres of Late Cretace~~us(?) to :arly 
Tertiary d&ml displacement @iddell ef al, 19934. 

The eastern Coast Belt in the region of the Tatlayoh 
project area can be subdivided into the s<:~uth Chiluxio, 
Methow and Niut domains of contrasting swatigmpb:~ and 
structural style (Figure 2). The south Chilcotin d.ornain 
includes Mississippian to Jurassic oceani,: rocks of fle 
Bridge River accretion-subduction co~nplex, IJpper 
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PRELIMINARY PETROGRAPHIC, GEOCHEMICAL AND FLUID 
INCLUSION STUDIES OF THE FORS DEPOSIT, SOUTHEAST.ERN 

BRITISH COLUMBIA (82G/5W) 

Craig H.B. Leitch, Consulting Geologist 

KEYWORDS: Economic geology, sedex deposits, base 
metals, vein, hydrothermal alteration, Fors, Vine, Sullivan, 
Purcell Supergroup, Aldtidge Formation, Moyie sills. 

INTRODUC’rION 
At the Fors property, argentiferous lead-zinc sulphide 

mineralization c#ansisting of pyrrhotite, sphaletite, galena, 
arsenopytite. pyrite, chalcopyrite and rare native bismuth 
occurs in stratiform, semimassive to massive lenses. dis- 
seminations and veins at the top of a discordant zone of 
pebble wacke OI fragmental in middle Aldtidge sandstone 
and mudstone (R&ton and Pighin, 1995). This preliminary 
description of the petrography, geochemistry and fluid in- 
clusions is based entirely on examination of drill-core speci- 
mens collected by the writer, R.J.W. Turner of the 
Geological Survey of Canada, J.M. Britton (formerly of the 
B.C. Geological Survey Branch) and D.L. Pighin of Con- 
solidated Ramrod Gold Corporation. This paper builds on 
the geological description in B&ton and Pighin (1995). 

GEOLOGICAL SETTING 
The Fors prospect (MINFILE 082GSW035) is located 

near Moyie Lake, 17 kilometres southwest of Cranbrook 
(Figure 1) and 8 ki)ometres southwest of the Vine prospect, 
a Middle Proterozoic massive sulphide base and precious 
metal vein deparit (H6y and Pighin, 1995). Access to the 
Fors and Vine properties is by paved and gravel roads from 
Highway 3/95. ‘Ihe exploration history of the Fors property 
is summarized b:y Britton and Pighin (1995). 

Hostrocks to the Fors and Vine deposits are mainly 
siliciclastic and lesser carbonate sedimentary rocks of the 
Aldridge Formation of the Middle Proterozoic Purcell Su- 
pergroup, expascd in a major northeasterly plunging anti- 
clinorium cut by high-angle normal and reverse faults 
(Figure 1; H(iy, 1993). The formation comprises in excess 
of 4CCO m&es of turbidites probably deposited in an exten- 
sional basin in an intracratonic setting (Winston er al.. 
1984). and consists of three divisions. The lower Aldridge 
(base not exposed) consists mainly of thin-bedded rusty ar- 
gillaceous siltstone and is overlain by 3ooO m&es of thick 
to thin-bedded turbidites of the middle AIdridge, and 500 
mares of massive to faintly laminated argillite of the upper 
Aldridge (Hby, 1993). At the Fors, the top of the lower 
Aldtidge is marked by a concordant pebble wacke or frag- 
mental that is stratigraphically equivalent to the Sullivan 
horizon (Figure 12; B&ton and Pighin, 1995). A number of 
thick gabbro sill!; (Moyie sills) intrude the upper part of the 
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lower Aldtidge and the middle of the middle: AIdridge, wih 
contact features indicating intrusion into wet, partby ,:a,- 
solid&d sediments (Hey, 1989). Uranium-lead dating of 
zircons from these sills (1445111 Ma, Htiy, ~,989; 1467 Ma, 
Anderson et al., in preparation) therefore co astrain the ‘Pro- 
terozoic age of the Purcell basin and its contained mir,~eral 
deposits. 

The Fors area is underlain by gently to moderaciy 
north to northeast-dipping strata that mostly show on’.y 
gentle open folds and are cut by the major ~aortheast-!:tik- 
ing Moyie fault and minor northwest-stril:ing high-xngle 
faults (Figure 1). Metamorphic grade, attilmted to iburkl, 
is middle. greenschist facies (h4cMechan arid Price, 11282). 
with estimates of temperature and pressure ?or the Sullman 
mine area of 440+50 “C and 3?1 kilobars (De Paol., arid 
Pattison, 1993) or 375 “C and 4.521 kiloh:us (Lydon arid 
Reardon, 1993). Regional deformation and metamorphisn 
occurred at about 1350 Ma based on lead.lead dating of 
sphene from the Sullivan deposit and z.djacent rocks 
(Schandl et al., 1993). Compression and 21s much as 3(0 
kilometres of eastward translation occurred dutin8 the 
Jura-Cretaceous (Price, 1981),, and the area has beeen ,sub- 
jetted to Eocene extensional faulting. 

Most of the altered rocks described b,:low beb>ng ‘:a 
the middle Aldridge Formation, and cot&t mainly d‘ds:- 
t&al quattz and lesser but significant feldspar (up to :!O%: 
Edmund& 1977). with variable amounts of I:arphymblwtic 
biotite. white mica (muscovite and s&cite:), chlorite. ml- 
phides (pyrrhotite and pyrite), and accessoq:~ sphene, elkal- 
ite, apatite and zircon (Lsitch et al., 1991). 

HYDROTHERMAL ALTERATION 
Several unusual alteration assemblage::. are associated 

with the Fors deposit, either closely or 10~ fieiy relat~:d a 
the suiphide mineralization. Although thee assenib:;~ges 
are all now composed of metamorphic min xals, they pr,:- 
sumably developed after distinctive precwor minerals, as 
has been documented for the !3ullivan depc ‘sit (Leitch arld 
Turner, 1992; Shaw et al., 1993a,b). The Fors deposit is 
crudely mushroom shaped (Figure 2; Britlon and F’is,hin, 
1995). with the stem consistin of a tourma:line and pl.agio- 
clawaltered zone within and around the fragmental pipe, 
and the cap composed of plagioclase-biot te, calcsilicate 
(actinolite-talc) and mica (biotite-muscovitl:) alter&n as- 
semblages wiih disseminated to bedded suly:,hides. Boththe 
stem and the cap are cut by a late-stage, sulphide-rich vein. 
Following the scheme adopted by and illustrated in hand 
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NORTHERN SELKIRK PROJECT, 
GEOLOGY OF THE DOWNIE CREEK MAP ARISA 

(82MB) 

by J. M. Logan, M. Colpron and B. J. Johnson 

IKEYWORDS: Oownie Creek, Canes Creek, Columbia 
River, J&L, Standard, Rain, Keystone, Lardeau Group, 
Index Formation, Badshot Formation, Hamill Group, 
volcanogenic massive sulphide, iron-manganese 
exhalatives. 

INTRODUCTION 

Lower Paleozoic rocks of the northern Selkirk 
Mountains are h.ost to numerous volcanogenic massive 
sulphide occurrences. These include the Goldstream 
copper-zinc mine, which has produced 70 000 tonnes of 
copper and 49 000 tonnes of zinc from 1 738 500 tonnes 
milled, between April, 1991 and October, 1995 (S. 
Robertson, personal communication, 1995), and the 
arsenical gold&h J&L deposit which has probable and 
possible reserves in excess of 5 million tonnes averaging 
2.71 % Pb, 4.33 % Zn, 7.23 g/t Au and 72 p/t Ag. Then 
stratiform nature: of these deposits makes understanding 
the regional stratigraphic and stTuctural setting 
fundamental to .the assessment of mineral potential and 
exploration for new deposits. The main objectives of the 
Northern Selkirk. project are to establish the stratigraphic 
and structural framework of known volcanogenic massive 
sulphide deposits in the northern Selkirk Mountains, and 
to assess the potential for similiar deposits in correlative 
successions elsewhere. 

This report presents the results of regional bedrock 
mapping of the Dow& Creek area (NTS 82M/S), 
completed east of the Columbia River, during the summer 
of 1995. This program marks the second full season of 
mapping in the Northern Selkirk Mountains. 
Reconnaissance mapping and deposit studies were 
initiated in 1993 (Logan and ‘Drobe, 1994). Mapping of 
the area around the Goldstream deposit (82M/P and part 
of 10) was wmpleted in 1994 (Logan et al., 1995, 
Colpron et al., ‘1995). Our 1995 study area ties onto the 
southern boundary of the Goldstream River area, traces 
prospective stratigraphy southward (Logan ef al., 1996) 
and builds upon previous compilation of the area by 
Brown (1991). 

4 
Figure I: Location of the Downie Creek area (shaded) alor:]: tie 
western flank of the Selkirk fan stmcture. wi:hin the ‘S&irk 
allochthon; modified after Brown and Lane 11988). Hatchmzd 
area shows location of the Goldstream River area. I = 
Illecillewaet slice, G = Goldstream slice, C = Clachnacudtim 
slice, CRF = Columbia River fault, DCF = Downie I:!re:k 
fault, SCF = Standfast Creek fault, MD = Monrshshee 
dCcollemen< ERD = Eagle River detachmen!.. BRB = :Z:atle 
Range batholith, AS = AlbeR stock, FS = F mg stock:, :?S = 
Pass Creek pluton, GP = Goldstream pluton, AP = Adamant 
Pluto”, GM = Goldstream mine, TCH = Tram-‘Canada 
Highway. 

REGIONAL GEOLOGY 

The Downie Creek area straddles the boun~dsry 
between rocks assigned to the North American 
miogeocline and the pericratonic Koctenay l-wane 
(Wheeler et al., 1991; Wheeler and Mcl’eely, 19s I). It 
lies along the western flank of the Seti:k fan structure 
(Wheeler, 1963, 1965; Brown and Tippett, 1978; Price et 
al., 1979; hice, 1986; Brown and Lane, 19X8), a xcle of 
structural divergence that follows the Omineca Belt, and 
the suture zone between North America a d Intermontime 
Superterrane, from northea!;tem Washington to eat- 
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NEW INVESTIGATIONS ON EAGLENEST MOUNTAIN, NORTHERN 
QUESNEL TERRANE: AN UPPER TRIASSIC REEF FACIES IN THE 

TAKLA GROUP, CENTRAL BRITISH COLUMBIA (93N/llE, 

By George D. Stanley, Jr., The University of Montana 
and JoAnne L. Nelson, Geological Survey Branch 

KEYWORDS: Regional geology, Upper Triassic, reef 
complex, carbonate. sedimentology. paleontology, Plughat 
Mountain Formadon, Takla Group. 

INTRODUCTION 
A number of carbonate deposits and reefs are known in 

the Cordillera. Those in Canada are described by Geldsetzer 
and James (198811. The few examples from the early Meso- 
zoic occur exclusively in Cordilleran displaced termnes. 
Most show variation in thickness, fossils and facies content. 
Most of these twf-like carbonate bodies are characterized 
by a fauna of corals and sponges. They tend to be small, and 
most lack the thickness and complexity typical of coeval 
deposits in Tethyan reefs of Eumpe and Eurasia (Stanley, 
1988b). Only two Upper Triassic reef sequences compara- 
ble to those of the Tethys are known in the the Americas. 
These are the Wallowa Terrane of Oregon (Stanley and 
Senowbari-Daryq 1986) and an example from the Yukon 
in the Stikine Termne (Reid, 1988; Reid and Tempelman- 
Kluit, 1987). The, Yukon example stands alone as the thick- 
est and best developed Triassic reef complex known among 
Cordilleran termnes. It also reveals close correspondence of 
fauna and facies with those of distant reefs in the former 
Tethys region. An example of a T&y&m-type patch reef is 
known from Lower Jurassic volcanics in Hazelton Group of 
British Columbia (Stikine Terrane) described by Stanley 
andMcRoberts(~992)andStanleyandBeauvais(l994).All 
reef examples occur in displaced terranes. According to 
Stanley (1988a. 1995) they existed during Permian and Tri- 
assic time as fringing volcanic islands in the ancient Pacific 
Ocean. Since that time they have become accreted to the 
North American w&on, as p” of allochthonous tenanes. 

This paper is a preliminary report on a newly recog 
nized Upper Triassic reef complex, investigated during the 
summer of 1995 in the Takla Group of British Columbia. It 
lies within Quesnellia, a late Paleozoic _ early Mesozoic 
island arc terrane (Figure. 1). The site on Eaglenest Mountain 
in the Kwanika Creek map area was recognized during the 
course of geolol:ical fieldwork (Bailey er al., 1993) and 
briefly described by Nelson er a[. (1993). These authors ret- 
ognized the reefal nature of the massive limestone exposed 
at this site. It OCCUR within an augite-phyric, mainly pyro- 
elastic basalt sequence near the assumed top of the Upper 
Triassic Plughat Mountain succession, which is unconfor- 
mably overlain by Lower Jurassic volcanic rocks. The 
Plughat Mountain succession represents a primitive intra- 

Geological Fieldwork 1995, Paper 1996-l 

oceanic arc. Its uppermost unit, in the Kwanika Creek area 
is a bright red amygdaloidal to scoreaceou:. basalt, %which 
overlies darker green pymclastic and pillow basalt. l‘his 
stratigraphy suggests that the sequence shallowed upwaX s 
and became shallow marine to possibly scbaerial by the 
end of the Triassic. 

The Eaglenest site. is significant beca~use it provi.dc~s 
the first paleontologic and sedimentologic ::limpse of CIU- 
bonate reef rocks within Quesnellia. Data derived from ths 
reef undoubtedly will prove significant by s~~tpplying info:.- 

Quesnellia 
Stikinia 
Cache Crecik Terran:: 

Figure I. Location of the Eaaglenest reef witbill the Cantch 
Cordillera. 
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GEOLOGY AND MINERALIZATION OF THE GATAGA MOUNTAIN ARE:A, 
NORTHERN ROCKY MOUNTAINS 

(94L/lO, 11,14 AND 15) 

Filippo Ferri, Chris Rees and JoAnne Nelson 

(Contribution to the Cannda British Columbia Mineral Developmenr Agreement 1991-1995) 

KEYWORD.7 Northern Rocky Mountains, Gataga River, 
Kechika Trough, Gog Group, Cambrian, Kechika Group, 
Road River Group, Earn Group, sedimentzuy exhalatives, 
barite, lead, zinc. 

INTRODUCTION 

This report summarizes 1995 fieldwork on the 
Gataga Mapping hoject in the central part of the Kechika 
Trough in northeastern British Columbia (Figures 1, 2). 
‘This irough or basin is delineated by Cambrian to 
Mississippian rocks exposed along the western margin of 
the northern Rocky Mountains. The basin is host to 
tltUU~~C”S sedimentary exhalative barite-lead-zinc 
deposits collectively known as the Gataga mineral 
district. Deposits occur at various levels, although the 
most numerous and economically important are Late 
Devonian, and include the Cirque (~Stmnsay) and Driftpile 
deposits. 

This mapping program is part of an ongoing 
cooperative project with the Geological Survey of Canada 
which began in 1994 and is funded, in part, by the second 
Min.%?1 Development Agreement between the 
governments of British Columbia and Canada. The 
program include:; a regional stream sediment and water 
survey covering the 1994 and 1995 mapping areas 
(Jackaman ef ol., 1996, this volume), and detailed studies 
of major Devono-Mississippian sedimentary exhalative 
deposits within the Kechiia Trough. 

The 1995 map area covers the northern termination 
of the Rocky Mountains along the eastern flank of the 
Northern Rocky Mountain Trench (Figure 2). Terminus 
Mountain is the ‘last ‘Rocky’ Mountain in this chain. The 
lower relief in this area reflects the disappearance of the 
thick Cambrian carbonates and coarse siliciclastics which 
characterize the :Iarge thrust stacks in the northern part of 
the Rocky Mountains to the south. The subdued terain in 
the northern part of the map area includes parts of the 
Rabbit River Plareau and Liard Lowland. 

The map an:a is bounded to the east by the Netson 
Lake - Netson Creek valleys and to the west by the 
Northern Rocky Mountain Trench (Figure 3). The 
southern boundiuy is roughly delineated by Brownie 

Mountain and Netson Lake: and the ~~orthem !mit 
coincides with the southern part of Homeli ae Creek. ‘The 
region between Terminus and Brownie mount&; :.s 
characterized by rugged, alpine terrain. ‘This bectmt:s 
more subdued to the north and east where only the very 
tops of the hills reach timberline and outc:rop density :s 
less than 5 percent. 

The Kechika Trough represents a long.lived has% of 
early to middle Paleozoic age. It connects northward with 
the Selwyn Basin of the Yukon and Northw :st Tetiltwier, 
with which it shares similar stratigraphic: and twiou.c 
relationships. The Kechiia Trough w% delhwated 
through time by ‘shale-outs’ of shelf and platfbrnul 
successions. Its stratigraphy is chamcterizeti by dark, fibw- 
grained siliciclastics and chert,, representin;: quiet, tkep~:r 
water deposition. This environment of slow sedient~ticn 
coupled with tectonism was conducive to the formation of 
sedimentary exhalative deposits at variow times witin 
the basin. Upper Devonian rocks in the E,arn Group are 
the most economically important within the Kec:hika 
Trough and are the focus of the present mldtidisciplinary 
study. A more detailed description of the I :gional settirg 
and related references are given in Ferri ef al. (199:5x). A 
useful regional overview is provided >y Maclnty.e 
(1992). 

Figure I: Northeastern British Columbia shoa’ing the I~r:%ti~~n 
of the 1995 and 1994 map areas. 
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GEOLOGY OF THE TODAGIN PLATEAU AND KINASKAN LAKE: ARE3 
NORTHWESTERN BRITISH COLUMBIA 

(104W12,104G/9) 

By C.H. .Ash and PK. Stinson, Geological Survey Branch, 
and RW.J. Macdonald, Mineral Deposits Research Unit, UBC. 

KEYWORDS: Economic geology, porphyry copper- 
gold, Tatogga Lake, Stohini Group, Hazelton Group, 
Cold Fish Lake volcanics. Lower Jurassic bimodal 
~volcanism, Red-Ctis, Groat, Klappan 

INTRODUCTION 

This report presents results from the second year of 
field mapping, :LS part of the Tatogga Lake project 

Figure 1. Regional geological setting of the Tatogga Lake 
project area. 
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Figure 2. Geographic location of the Tatog;,;a Lake prr!iect 
showing area covered in this rtzpport. 

This is a geologic and mtilogenic nqping prt,gram 
initiated in 1994 to investigate the geology and 
associated mineral deposits of Sticine Texme 
Mesozoic arc-volcanic rocks along the northern naxgti 
of the Bowser Basin in northwestern British Columbia 
(Figure 1; Ash et al., 1995). The project area is locatrxl 
80 kilometres south of Dease Lake, an:1 is trans:ctr:d 
by the Stewart-Cassiar Highway (Highway 37), south 
from the village of Iskut (Figure 2). It in:ludes p;u?:s #If 
NTS map sheets 104G/9 and 16, and 104W12 and 13. 

During 1995, fieldwork: was condu,:ted from July 
6th to September 12th and focused primarily on the 
southern half of the project area (Figon 2). The 1995 
map area encompasses the northwest comer 01: the 
Klnea Lake (104W12) map sheet (Figure 3) and the 
northeast part of the Kinaskan Lake (104G/9) sheet 
(Figure 4). The eastern half of the map :xea (Figure 3) 
encompases most of the Todagin Patem and is 
referred to here as the Todagin :‘nap arrr.. A 
preliminary 1:20 OOO-scale geology map of the 
Todagin area, which includes the Red-Chris po:rp!lyry 
copper-gold deposit, has been produced as part of this 
work (Ash eI a/., 1996). Mapping of the ?&&an Late 
sheet (104G/9) was only partially completed Idue to 
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AGE OF HOST STRATA VERSUS MINERALIZATION AT 
ERICKSEN-ASHBY: A SKARN’ DEPOSIT 

By Mitchell G. Mihalynuk, and W. (Bill) J. McMillan, B.C. Geological Survey ‘:Branch, 
James K. Mortensen and Fiona C. Childe, University of British Columbia 

and Michael, J. Orchard, Geological Survey of Canada 

KEYWORDS: Ericksen-Ashby, skam, Tulsequah, 
massive sulphide, zinc, lead, radiogenic isotopes, 
uranium, geochronology, conodont, biochronology 

INTRODUCTION 

The Ericksen-Ashby deposit is located on the sharp 
northern ridge iof Mount Ericksen, about 64 kilometres 
east of Juneau, Alaska and 130 kilometres south of Atlin 
in northwestern British Columbia, (Figure 1). It is part of 
a mineralized belt that contains the Tulsequah Chief and 
Big Boll volcanogenic massive solphide deposits within 
12 kilometres along strike to the north, and was 
previously interpreted as this type of deposit (e.g. Payne, 
1979). Originally discovered in 1929, it has received 
sporadic assessment work, including surface and 
underground drilling programs. 

Strata hosting the deposit are different from those at 
both the Tulsequah Chief and Big Boll deposits. 
However, the Ericksen-Ashby deposit has generally been 
thought of as correlative, with stratigraphic differences 
accounted for by rapid facies changes, typical in volcanic 
arc environments. Most of these strata were originally 
considered to be Late Triassic in age (Soother, 1971). 
Late Carboniferous (Moscovian) fossils collected by 
Nelson and Payne (1984) from a structural high in the 
Tulseqoah camp were the firn clear indication that rocks 
at the Tulsequah Chief must be Paleozoic and not 
Triassic. It was not until a decade later that the first 
definitive age of the Tolsequah Chief deposit was 
obtained by U-Pb dating of zircons in the coarse rhyolite 
breccia that is included within the ore&lies (353 +14 -7 
Ma, Sherlock et al., 1994). 

In contnst, there were no age data for hostrocks or 
mineralization at the Ericksen-Ashby deposit prior to this 
sbdy. Some led isotope data are reported for the deposit 
(Godwin et al., 1988), but are interpreted based on a 
Jurassic age for the host strata, and no description of the 
sample site or material analyzed is available. Lead 
isotope data needed to be reevaluated and augmented in 
light of new age constraints. 

ERICKSEN-ASHBY GEOLOGY Figure 1. Location of the Ericksen-Aiihby depwit in 
northwestern British Columbia. 

Payne (1979) produced excellent detailed geology 
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1995 REGIONAL GEOCHEMICAL SURVEY PROGRAM: 
REVIEW OF ACTIVITIES 

By Wayne Jackaman, Stephen Cook, Ray Let& Steve Sibbick and Paul Matysek 

KEYWORDSI Regional Geochemical Survey, 
reconnaissance, multi-element. stream sediment, lake 
sediient, stream water, lake water, Gataga, Nass River, 
Terrace, Prince Rupert, Cry Lake, Pinchi Lake. 

INTRODUCTION 

Work conducted in 1995 as part of the Regional 
Geochemical Survey Program (RGS) included : 

l The publication of previously unreleased 
instrumental neutron activation stmam sediment 
analytical data from the Terrace (NTS lO31), 
Prince Ruptxt (NTS 1035) and Nass River (NTS 
103OiF’) map sheets. 

l A reconnaissance-scale stream sediment and 
water survey in the Cry Lake map sheet (NTS 
1041). 

l A reconnaissance-scale stream sediment and 
water survey over parts of the western margin of 
the northern Rocky Mountain Trench (NTS 94L). 

l The completion of a joint federal-provincial lake 
sediment and water survey in the northwest 
comer of the Fort Fraser map sheet (NTS 93K). 

1995 RGS RELEASE (1031, J, 0, P) 

On June 2, 1995, RGS open tiles B.C. RGS 42 and 
43 were published for NTS map sheets 103I/J and 
1030/p. Originally conducted in 1978, tbe surveys 
involved the systematic collection of stream sediments 
and waters from over 3800 sample sites coveting an area 
of approximately 32 000 square kilometres. The original 
survey results were published in 1979 and included 
analytical determinations for 13 metals in stream 
sediments, and uranium, fluoride and pH in stream 
waters. In the eiuly 1990s the archived sediment pulps 
were analyzed using instnm~ental neutron activation for 
gold and 25 other metals. This new, previously unreleased 
information, together with original field and analytical 
data, was released as open files 13.C. RGS 42 and B.C. 
RGS 43 (Matysek and Jackaman, 1995; Jackaman and 
Matysek, 1995). 

These open file publications incorporated digital 
information on catchment basins which are used to 
improve RGS data integration with other polygonal and 
point databases, as well as enhance geochemical patterns 
and trends on hard-copy maps. Using results from the 
surveys, Matysek and Jackamar (1996, this volume) 
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Figure 1. Location map of 1995 RGS p.ojects. 

present an example of how catchment basilts can be ustd 
to identify and evaluate RGS anomalies. Digital data ::ib:s 
of the catchment basin polygons have be<:n iocludc:d ns 
part of each data package. 

A total of 989 claim units were recorded from June ‘:o 
August 1995 in map sheets 1031, 1031 and lO?O/?. 
Although RGS anomalies ‘were staketl immedir~tely 
following the release, numerous areas with anom;do~~s 
concentrations of base and precious metals remain 
unstaked as ofNovember 1, 1995. 

CRY LAKE SURVEY (1041) 

Located to the east of Dease Lake, the Cry Lake mi,p 
area (NTS 1041) is relatively tmexpbxed and has 
significant potential for lode gold, porphy y coppwgold 
and base metal massive sulphide nineralizxion. 
Underlain by the Stikiiia, Cache Cre:k and Slide 
Mountain terraces, the map area contain:. 107 rectrrded 
mineral occurre~~ces including the Kutcho Creek mar,siw 
sulphide deposit (MINFILE 1041, 1996). 

McElhanney Consulting Limited (V;mcouver) was 
selected by competitive bid to conduct a r:connaiss;mce- 
scale regional geochemical survey duritlg Septernbor, 
1995. Stream sediment samples, stream water sanples 
and field observations were systematically collected liom 
1159 sites over a total area of 13 200 square kilometros. 
Ministry representation by the senior, author was 
maintained throughout the swvey to ensur: all aspelxs of 
sample collection, data recording, sample Idrying, pa:king 
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B.C. REGIONAL GEOCHEMICAL SURVEY ANOMALY RECOGNITJON, 
AN EXAMPLE USING CATCHMENT BASIN ANALYSIS (1031,103.l) 

By Paul Matysek and Wayne Jackaman 

-_ 

KEYWORLX: Regional Geochemical Survey, geographic 
information system, c:atchment basins, stream sediment, 
stream water, Nass River. 

INTRODUCTION 

Since 1976, the Regional Geochemical Survey 
Program (RGS) has presented stream sediment and water 
geochemistry data by grouping the data values into 
distinct percentile ranges and plotting symbols that 
represent the range. These symbol maps have been useful 
for the quick appraisal of regional trends and clustering of 
data. However, they do not account for the considerable 
variability in trace c:lement concentration encountered 
with different iithologies. Beginning in 1990, a number of 
methodologies for integrating bedrock geology with 
stream sediment gaochemistry using a geographic 
information system (GIS) were examined (Bartier and 
Keller, 1991; Sibbick, 1994; Jackaman ef al, 1995). They 
concluded that using the catchment basins of each sample 
site to define its zone of influence (Bonham-Carter and 
Goodfellow, 1986; Bonham-Carter et al., 1987) provided 
a logical means for integrating bedrock geology and 
stream sediment geot:hemistry. As a result, this method 
can be used to: 

l Reclassify the geological influence on each 
sample based on its source area. 

. Redefme the thresholds which separate 
anomalous from background populations. 

. Define metal concentrations in basins hosting 
known mineral occurrences. 

. Defme the actuil coverage of a survey. 

c \ ! J-J 

Figure 1. Loo&ion map of RGS programs. 
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RGS “pen file data packages B.C. RGS 42 (*ITS ma,, 
sheets 1031 and 1033) and B.C. RG!: 43 (NTS rrlap sheet,< 
1030 and 103P) released on June 2, 1995 incsxporated 
catchment basins to improve data integration with other 
polygonal and point geoscience databases, az well as 
enhance geochemical patterns and trends on 1ard-copy 
maps (Matysek and Jackaman, 1995, Jacka.nan and 
Matysek, 1995). Using data from “pen file B.C RGS 42 
and existing GIS technologies, this paper will I:resent an 
example of how stream sediment geochemistry can bme 
integrated with digital catchment basins, MINI.ILE dat,a 
and bedrock geology to identie and inteq:ret RG!< 
anomalies. 

BACKGROUND 

SURVEYSUMMARY 

Open tile B.C. RGS 42 presents field and malytica.1 
data from a 1978 joint federal-provincial stream sedimen.t 
and water survey conducted in the Terrace (‘103I) and 
Prince Rupert (103J) map areas (Figure ]:I. Stream 
sediment and water samples were systematically collecte#j 
from 2128 sites at an average density of one ::ite per 8 
square kilometres. The original “pen tile, pulblished in 
1979, included analytical determinations for 13 metals in 
stream sediments and uranium. fluoride and pH in stream 
waters. In the early 1990s the archived sediment pulps 
were analyzed using instmmental neutron act?‘&“” for 
gold and 25 other metals. This new, previously uueleaaed 
information, together with original field and analytical 
data was released as part of open file B.C. R(;S 42 on 
June 2, 1995. This was the tirst time th.lt digital 
catchment basins were included with tlu:: release 
packages. 

CATCHMENTBASINDELINEATION 

Catchment basins are defmed by the toilogmphic 
height of land that separates a stream from su~ounding 
streams. The resulting polygons are assumed to represent 
the metal determination of a single stream sediment or 
water sample collected at the outlet of the <::atchment 
basin. For map sheets 1031 and 1035, a total of 2128 
catchment basins were delineated from NTS I:50 000 
maps by hand tracing basin polygons onto mylar 
overlays. 

The resulting polygons were digitized, vith each 
polygon labeled to correspond to its unique RGS samp:le 
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SURFICLAL GEOLOGY AND EARTHQUAKE HAZARD MAPPING, 
CHILLIWACK, BRITISH COLUMBIA (926/l & H/4) 

Victor M. Levson, Patrick A. Monahan, Daniel G. Meldrum and Paul F. Matysek, 
British Columbia Geological Survey Branch 

Robert F. Gerath, 
Association of Professional Engineers and Geoscientists of British Columbia 

Bryan D. Watts, Alex Sy and Li Yan, 
Klohn-Crippen Consultants Ltd. 

KEYV0RDS: Chilliwack, earthquakes, geological 
hazards, liquefaction hazard mapping, seismic 
microzonation, geoteclmical engineering, standard 
penetration tests, :rurficial geology, Quaternary 

INTRODUCTION 

Earthquake hazard mapping in British Columbia 
is currently being conducted by the Ministry of 
Energy, Mines and Petroleum Resources, in 
cooperation wit11 the B.C. Resource Inventory 
Committee, the F’rovincial Emergency Program and 
Emergency Preparedness Canada. The program is 
coordinated by the Seismic Microzonation Task 
Group of the Resource Inventory Committee. To 

date, the program has included a compilation of 
earthquake hazard mapping standards and methods 
(Klohn-Crippen Consultants Ltd., 15194), a 
conference for land-use and emergency planners 
(Levson ef al., in preparation) and an eatiquake 
hazard mapping pilot project in the Chillinack area 
(Levson ef al., 1995). The latter project ws started 
in August, 1994 and covers the District of Chilliwack 
and parts of the Fraser-Cheam Regional District 
(contained within NTS mapsheet 92W4W south of 
the Fraser River and north of 49” 03’ N lat.; Figure 
1). Earthquake hazards in the Chilliwck area 
include landslides, liquefaction and amp .itication 
hazards, but only liquefaction hazards are (,liscussed 
in this paper. 

Figure 1. Distribution and type of geotechnical borehole data collected for the study sea 
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INDUSTRIAL MINERAL POTENTIAL OF THE TERTIARY ROCKS, 
VERNON (82L) AND ADJACENT MAP AREAS 

Peter B. Read, Geotex Consultants Limited 

KEYWORDS: Industrial minerals. Kamloops Group, 
Penticton Group, diatomite, precious opal, kadinite. 

INTRODUCTION 

This report summarizes the resultc of 40 days of iield- 
work investigating the occurrences of industrial minerals, 
and some of those aspects of the Tertiary stratigraphy which 
control their deve,lopment, in a southeasterly trending area 
extending 150 kilometres from east of Kamloops (921) 
through the Vernon map area (82L) to north of Beaver- 
dell (82E). In this area, the industrial minerals of major in- 
terest are kaolinite, diatomaceous earth, swelling clay, 
zeolites. perlite, precious opal, g:ypwm and dimension 
stone, of which the first five are found in Tertiary strata else- 
where in the pro!tince. The regional geology of Cockfield 
(1948) and Mon8,er and McMillan (1989) for the Ashcroft 
area (921), Jones ((1959) for the Vernon area (82L), Tempel- 
man-Kloit (1989) for the Penticton area (82E), and Okolitch 
(1979) for the entire region give the geological framework. 
Mapping by Church (1980) and Christopher (1978). and 
D. Duba’s (1988) unpublished mapping around Whiteman 
and Bouleau creeks, provided by K. Daughtry, Discovery 
Consultants Ltd., augment the detailed geological informa- 
tion in some areas of Tertiary rocks. Four major highways 
and railways effectively link this area to nearby major popu- 
lation centres. 

At present, the gypsum quarry at Falkland and a flag- 
stone quarry south of Revelstoke are the main industrial 
mineral producers in the Vernon map area. The potential for 
diatomaceous earth, swelling clays, precious opal, kaolinite, 
zeolites and perlite in the Tertiary strata of the area provide 
industrial mineral opportunities for the future. 

TERTIARY STRATIGRAPHY 

RAMLOOPS A.ND PENTICTON GROUPS 

The volcanic-dominated rocks of the Kamloops and 
Penticton groups form a continuous sheet stretching 150 kil- 
ometres north-northwest from Trepanier on the west side of 
Okanagan Lake (82E) (Figure 1) to north of the Sooth 
Thompson River east of Kamloops (921) (Figure 2). The 25 
to 30 kilometre wide belt is broken only where the deeply 
incised, east or west-flowing drainages of Whiteman Creek, 
and Salmon and the South Thompson rivers cross it. West 
of Falkland, Este’kwalan and Tuktakamin mountains expose 
a minimum thickness of 600 metres of mainly volcanic 
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rocks deposited on a paleotopography with 1 relief of hu11- 
dreds of metres. 

RAMLOOPS GROUP 

North of Kamloops, basal sediments a long the north- 
eastern edge of the Eocene belt belong to the Chu I::hua 
Formation (Uglow, 1922). In the Kamloaps area, the Karl- 
loops Group consists of a lower succession of sed:irc.ent- 
tuff?flows of the Tranquille Formation urhich undcrli~:s 
several members of the 1000 metre thick basalt/anciesite 
Dewdrop Flats Formation. Ewing (1981, p, 74) notexl that 
the basal sediments and intercalated volcariics comprising 
the Tranquille Formation are laterally restricted baau;e 
they accumulated in a fault-bounded, non hwest-trending 
basin. Because the typical andesite/basalt ro,r:ks of the: I:lew- 
drop Flats Formation are extensive east of Kamloap:;, the 
formation name has been retained to the eat and sooth. 

Ewing’s detailed investigation of the K.lmlwps C;ronp 
around Kamloops and Church’s (1980) marlping of th: Ea- 
cene rocks west of Vernon resulted in Ewing (198 1) pmpcs- 
ing a stratigraphy for the Eocene rocks in the area betwelm 
Vernon and Kamloops where he did no deliailed mapping. 
The informal stratigraphy adopted in this rep xt partly d;aws 
on Church’s suggestions (1979; 1982) and modifies those 
suggested by Ewing by replacing the nxle Tuktakamin 
breccia with the better exposed Estekwalan t,:phraonE::;tek- 
walan Mountain, and replacer Ewing’s wggested hlorte 
Lake basalt with the Dewdrop Flats Formation. 

CHU CHUA FORMATION (units Esx, E:scg, and ‘t:szr) 

Along the northeastern side of the Eoce:ne belt, ih,: C no 
Chua Formation occws as a few basal lenses of Eocene sali- 
ments in Shorts and Bolean creeks, and at the east end of 
Pinaus Lake, but does not form the numero~us lenses sh,own 
by Okulitch (1979). In ShortsCreek, tuffacwus shale togrit 
and rare carbonaceous shale form an unfauilted lens I,5 rr,e- 
tres thick at the base of the Eocene. Near the valley fltrx 3” 
the north side, the lens thickens to 50 metrel of sedimentary 
breccia comprising angular siltstone and rare granitic :la:;ts 
up to 40 centimetres on edge. On the so:uthwest aside of 
Bolean Creek, south of Pillar Lake, a few loadcuts ,expcse 
a lens of sedimentary breccia (Esx) 3 kilorxaes long: that 
reaches a thickness of 125 mares. Angulslr clasts of grey 
phyllite, greenstone and granitic rocks up to 1 metre long lie 
in a crudely bedded matrix of lithic grit. On the noIt: side 
of Pinaus Lake, within a kilometre of the east end, a fi:w 
lakeshore outcrops expose a succession of :;ubangular pcb- 
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CLEARCUT PYROXMANGITEhlHODONITE OCCILJRRENC:E, 
GREENWOOD AREA, SOUTHERN’ BRITISH COLUMBIA (82.1E2) 

by G.J. Simandl and B.N. Church 
--.-- 

KEYWORDS: Industrial minerals, pyroxma”gite, 
rhodonite, Mn-garnet, Knob Hill Group, Greenwood 
camp, quartzhe. 

INTRODUCTION 

This report describes a new pyroxmangite-rhodonite 
occurrence visited briefly by the authors as part of a 
broader study o,f gemstones in British Columbia. The 
discovery is on the Cl-t claims, 1.5 kilometres 
northwest of Mount Roderick Dhu (lat. 49”12’, long. 
118’37’), 13 kilometres northeasi of Greenwood (Figure 
1). 

Rhodonite is a manganiferous semiprecious stone 
valued for its pink to deep red colour. After jade, 
rhodonite is the second most important gemstone found 
in British Columbia. Lower quality material has 
ornamental applications such as sculptures, table tops 
and a variety of decorative items. Other occurrences in 
the province have been described by Leaming (1966), 
Danner (1976), Danner and Cowley (1980), Cowley 
(1979), Hancock (1992), Nelson et al. (1990) and others, 
Other pink manganese silicates that are difficult to 
distinguish from rhodonite are pyroxmangite and 
bustamite. It is possible that these minerals also occor in 
other previously known rhodonite occurrences but were 
not distinguisheri from rhodonite. 

GEOLOGICAL SETTING 

The northeast part of the Greenwood mining camp, 
in the vicinity of Mount Roderick Dhu and Jewel Lake 
(Figure l), is underlain principally by a metamorphic 
complex tentatively assigned to the Knob Hill Group (J. 
Fyles, personal communication, 1995), the Wallace 
Creek batholith and Coryell intrusions. Mapping in the 
area has been done by Little (1983), Church (1986) and 
Fyles (1990). 

The Knob Hill Group is an assemblage of pre- 
Mesozoic rocks forming an east-southeast trending belt 
extending from the lower course of Clement Creek to 
Jewel Lake and then to Mount Roderick Dhu. It 
comprises a variety of volcanic and sedimentary facies 
converted to arnphibolite and quartz-mica schists. The 
rocks are medium to fine grained and medium to dark 
coloured. Ptimary struchues, such as bedding, are often 
difficult to distinguish from foliation and gneissosity. 
The metasedimentary rocks consist of quartz (15 to 
90%), plagioclase, biotite, some garnet and magnetite, 

and, less commonly, amphibole, chlorite, muscovite and 
occasionally andalusite (Church and Winsl)y, 1974). 

The protolith of the quartz-rich metasedimentary 
rocks is difficult to determine because of recrystalimticn. 
The amphibolites generally occur as massive It:nscs, 
possibly derived from basaltic lava flows md pymclasic 
rocks Typically they consist of 40 to 70% lreen 
amphibole, and smaller amounts of plag:oclase, ~quar;z, 
magnetite and titanite. ‘Epidote, calcite ;md quartz: rre 
present in small veins and fisswes. 

The Late Jurassic Wallace Creek batholith form:; two 
large lobes underlying the area southwea of Jewel Lake 
and another area at the summit of Mouw Roderick D hu 
that extends westerly through the head;vater basin of 
Clement Creek. These rocks are medium gtxintd 
medium grey and contain xenoliths of the metamcrphic 
complex. Typically the rock consists of approximately 
40% plagioclase, smaller amounts cif quartz and 
potassium feldspar, approximately 10% amphiboh: and 
epidote, and accessory b&ice, chlorite, tpatite, titaoite 
and magnetite 

mainlv hornblende 

Figure 1: Location and geological setting of the Clearcut 
pyroxmaogite!rhodonite occurrence. (Mod&d f&l Little, 
1983). 
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“PERLITE” FROM TERRACE MOUNTAIN, VERNON AREA: PO!SSIBLI& 
INDUSTRIAL APPLICATIONS 

By George J. Simandl, B. Neil Church and William Hodgson* 
*United States Gypsum Company, Chicago, LL. 

KEYWOtDS: Industrial mineral, perlite, obsidian, 
Terrace Mountain, acoustic and thermal insulation tiles, 
non-expanding applications. 

INTRODUCTION 

Very little is known about natoral hydrated glasses 
in British Colombia, except perlite. Perlite is defined as 
natural volcanic glass with a pearly lustre, macroscopic 
or microscopic onion-skin texture, and rhyolitic 
composition with 2 to 5% incorporated water (H20’). 
From the industry point of view, however, all hydrated 
felsic rocks, including rocks with pomiceous and 
gramdar texture:;, are classified as ‘perlite’ if they expand 
significantly during heating. Similarly, ‘expanded 
perlite’ is defined as a light-weight aggregate produced 
by rapid thermal expansion of crushed source rocks; the 
expansion may be as much as 20 times by volume 
(Breese and Barker, 1994). The key properties of 
expanded perlite are low density, fire resistance, good 
thermal and sonic insulation properties and the ability to 
retain water. Expanded perlite is used extensively in 
acoustical ceiling tile, concrete, plasters and various 
horticaltaraJ applications. A worldwide smvey of 
minerals in lighhveight applications was prepared by 
Loughbrough (1991), minerals in fibreglass was covered 
by Russell (199:L) and a market study of classical perlite 
applications was completed by Gunning and McNeal 
(1994). More than 17 perlite occorrences are currently 
known in British Columbia (White, 1990; Horn and 
Hancock 1994). Unfortunately, volcanic glass that does 
not expand is usually disregarded by industry. It has 
potential applications in the production of mineral wool 
for thermal i.nsulating materials, castings, as a 
component of sound insulating tiles and as a composite 
in bituminous roofing sheets. The choice of raw material 
for these types of applications is based mainly on 
chemical composition, homogeneity, availability and 
cost. For example, high sodium content may reduce the 
need for soda ash and high alumina may reduce the 
requirements for kaolin addition. 

TERRACE MOUNTAIN PERLITE 

A large deposit of perlite occurs on Terrace 
Mountain (lat. 50’06’, long. 1.19’38’) 30 kilometres 
southwest of \‘emon and 25 kilometres northwest of 
Kelowa (Figure 1). Access to the area is by a network of 

Iocene 

breccia and dike 
Eaukao Lake Formation (?I: 
Wix”ii Q!=S3 and hyo&eite 1ava.b wcia and 

AttenbomuQh Creek Member; Penticton Gmu,,: 
thin&-bedded and&e and dacite Ian and bnrds: 
some oliiine basaii 

luraas.idC.retaceous 

- ,~-.-- 
- Gedegiil eonlad - Road 
- Fait Tl Samplesite - --.-- 

Figure 1. Location and geology of the Terrace Mc~unlain 
hydrated obsidian deposit (modified t?om Chu -ch, 1980). 

logging roads comxted to the paved hiI!hway along the 
west shore of Okanagan Lake, 
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THE GEOLOGY AND GEOCHEMISTRY OF THE MINERAL H~I[LL - 
WORMY LAKE WOLLASTONITE SKARNS, SOUTHERN BRITISH 

COLUMBIA (92G/12W) 

By GE. Ray and C.E. Kilby 

--.-- 

KEYWORLX: Economic geology, skam, industrial 
minerals, wollast~mite, garnet, pyroxene, petrochemistry 

‘INTRODUCTION 

The Mineral Hill - Wormy Lake area is located on 
the Sechelt Peninsula approximately 60 kilometres west- 
northwest of Vancouver and 5 kilometres north of Sechelt 
(Figure 1). It li.es at the southern end of the Coast 
Plutonic Belt and the woliastonite-bearing skarns are 
hosted by elongate and deformed roof pendants of 
calcareous rocks that possibly form pat of the Upper 
Triassic Quatsino Formation. These pendants are 
surrounded by a variety of Jurassic plutonic rocks that 
range in composition from gabbro to granodiorite. 

Publications relevant to the regional geology include 
those by Roddick (1970, 1979, 1983), Price ef al. (1985) 
and Friedman et al. (1990). In 1987 and 1988, Tri-Sil 
Minerals Inc. conducted an exploration program on the 
properly which is described by Goldsmith and Logan 
(1987) and Goldsmith and Kallock (1988). Later, brief 
examinations of the property were conducted by staff of 
the British Columbia Geological Survey; these 
observations are described by White (1989) and Fischl 
(1991). 

This paper presents the results of a four-week 
mapping and sampling program conducted in the summer 
of 1995. An 18 square kilometre area between Wormy 
Lake and Mineral Hill was geologically mapped (Ray and 
Kilby, 1995). Major and trace element geochemical data 
from the intmsivs rocks, and assay data from mineralized 
occurrences, are reported here. The results of microprobe 
analysis of skam minerals such as wollastonite, garnet 
and pyroxene are also presented. 

METASEDIMENTARY ROCKS 

Skarn-altered and deformed remnants of calcareous 
sedimentary rocks form narrow, discontinuous units that 
lie close to, and are partially controlled by the Wormy 
Lake fault zone, a linear zone of ductile and brittle 
defornmtion (Figwe 2). Both the metasedimentary units 
and the fault zone extend from Snake Creek, 
northwestwards ‘to Wormy Lake. Beyond Wormy Lake, 
the metasediments and the fault are believed to extend 
northwards beyond the mapped area. However, south of 
Snake Creek,, the m&sediments and the fault zone 
terminate agamst gabbroic rocks of the Crowston Lake 
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pluton along the easterly striking Sn& Creek fault 
(Figure 2). 

In the Wormy Lake area, and northeast of the Wccmy 
Lake fault, the metasedimentary packaE!e reach’e:; i:s 
maximum outcrop width of approximately- 400 mr:trex 
Less than 800 metres southeast of the lake, it quickly 
this or disappears and is only seen as ver:, narrow :mi!s 
(some less than 20 m thick) that form disco ltinuous fault- 
bound slices within the Crowston Lake &:luton. Fu:thw 
south, however, and southwest of the Wormy Lake limlt, 
the skam-altered package again thicken::. until, at irs 
southern extremity southeast of Mineral llill, it reaches 
250 metres in outcrop width 

Figure I: Location of the Mineral Hill - Won:ly Lake arw 
southern British Columbia. 

The calcareous units have been intmcled by swmns 
of gabbroic sills and dikes from the adjoi:ldng Crowtcn 
Lake pluton. The m&sediments have been deformsi, ard 
overprinted by varying degrees of exoskara alterat:icn IO 
that, in many instances, the character of i:he protolith is 
uncertain. Originally, however, they are bf, lieved to have 
mainly comprised relatively pure, massive to be:ldt:d 
limestone and calcareous siltstone. Some af the olil,inal 
limestones now form discontinuous but ex zensive marble 
units which are marked by karst topography!. The marbles 
are coarse-grained, white to grey rocks t,hat vary fran 
massive to well foliated and layered. The lFy*:ring 
probably represents transposed bedding; many marbls:s 
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ZIPPA MOUNTAIN WOLLASTONITE SKARNS, ISKUT RIVER MAP AREi,A 
(104B/ll) 

By Bart J. Jaworski and Gregory M. Dipple 
The University of British Columbia 

KEYKXUX: Economic geology, wollastonite, skam, Iskut 
River, contact metamorphism. 

INTRODUCTION 

pyroxenite border phase of the intrusion. Tl:e fmal stager of 
infiltration and skam formation postdate de incorpcration 
of the xenoliths into the intrusion. The apparent lack of 
wollastonite skam around the other two intusive pbaaes of 
the Zippa Mountain Igneous Complex may stem f&m &.eir 
lower heat contents. 

Skams associated with the Zippa Mountain Igneous 
Complex of the Iskut River area are unusual for their high 
wollastonite contents. They are the focus of British 
Columbia’s only active wollastonite exploration venture. 
Wollastonite is increasingly sought as an industrial mineral 
for the ceramics, paint, steel and automobile industries. 
Much recent demand stems from its utility as a replacement 
for asbestos and as a strength additive in industrial plastics. 
This report summarizes results of recent mapping of two 
wollastonite skam deposits on the east flank of the syenitic 
Zippa Mountain pluton. We argue that the skams resulted 
from extensive fluid infiltration into marble xenolitbs in the 

ZIPPA MOUNTAIN IGNEOUS C, OMPIXX. 
AND ASSOCIATED ROCKS 

The Zippa Mountain Igneous Complex i.; located in the 
lskut River map area of northwest British Columbia (inset 
in Figure I), 5 kilometres south of the Iskut River and 32 
kilometres upstream from its confluence with the Stikiie 
River. It is composed of three: Late Triass:c intrusiow, the 
Zippa Mountain, Mount Raven and Senlphim Mowuain 
plutons, closely associated in space and :ime (Fi;gwe I). 

Fig. I. Geology of the Zippa M~untaia plutOn and wollastonite skams, after Lueck and Russell (1994) 
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KYANITE AT PRINCE RUPERT AND KITIMAT (103H, J) 

By K.D. Hancock and G.J. Simandl 
,--.-_ 

,WYWORDs: Industrial minerals, kyanite, staurolite, 
garnet, high-alumina amphibolite, refractory minerals, 

Prince Rupert, Dudevoir Passage, Trail Bay, Hawkesbmy 
Island, Coast Belt. 

INTRODUCTtON 

There are more than 45 kyanite occurrences reported 
in British Cohunbia (Figure 1). They are generally 
restricted to high,&mina, high-grade metasedimentary 
rocks in the Coast and Omineca tetionic belts. Two small 
occurrences near the coast were examined as part of a 
reconnaissance or’oemm for IdklCtON mi,h%dS in the 

province. 
Kyanite is the high-pressure polymorph of th: 

aluminosilicate, Al,SiO,. Sister polymorphs an: 
and&site and sillimanite. When calcined these mineml 5 
are convened to mullite, a highly refractory material. 
Kyanite converts to mullite at 1.37O”C and 1 he converdon 
is accompanied by a nonreversible volume expansio:, of 
18% (Skillen, 1993). Because of the signiicant volimx 
chwv, calcination is often reqtlired befon: 
mantictming refractory shapes. Kyarite is used 
primarily in refractories, about half for sthzl making;, ;a 
quarter for nonferrous metals processing a ad the rml in 
glassmaking and ceramics. In North Amerca, kyanilr: is 
the most widely used A12Si03 polymorph, because it is 
abundant. found close to markets wd relativel:~ --.- 

1 Cogbum Creek 

Three Sisters 

12 RatchfoKl Creek 
13 Sevmour 

i \\ I 16 Potlatch 

8 Miledge River 

20 Nascall River 
21 Hawkesbury Island 
22 Tsimpsean Pen. 
23 Jim May 
24 Williston Lake 
25 Great Glacier 

0 300 
SCALE - KILOMETRES 

i .~-.- 

Fiyre 1: Location of significant kyanite occurrences in British Columbia. Major showings are namei 
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CONTROLS ON COAL WASHING DIFFICULTY 

(82G/15 93L/ll) 

By Barry D. Ryan 
p-.-m 

KEYWORDS: Coal washing, washing di&olty, 
dispersed minetil matter, lithotypes, detrital macerals, 
coal-forming ewironments. 

The second part of the paper examines a ‘wzy 
of estimating washing difficulty, using small samples. 
New data from the Elkview and Quintl::tte min~:r: ar’e 
introduced and data from the Corbin, @insam and 
Telkwa properties are re-interpreted. 

INTRODUCTION 

Coal seams are a mixture of pure coal and rock. 
The coal scientist may be interested in the relationship 
between the co&rock mixhue and the environment in 
which the coal formed. The mining engineer is more 
interested in how easy it will be to separate the coal 
from the rock and how much coal will be lost in the 
process. A number of papers (Sanders and Brookes, 
1986; Sarkar and Das, 1974) have attempted to bridge 
the gap between the interests of ,the scientist and the 
engineer by looking at the linkage between 
environmental controls on coal formation and washing 
difficulty. These papers may be of some interest to the 
engineer, but he or she is more interested in predicting 
the washing characteristics of a particular coal seam 
than in finding a genetic explanation for the 
characteristics. 

Washing difliculty is not the wne as plant 
recovery, which is the main concern of the plant 
engineer. Plant recovery is dependent on: 
l the type of wash plant used; 
l the size-consist of the run-of-min: coal ~(ROlvl 

coal); 
l the amount of rock mixed into the coal 19. the 

mining process (in-seam and out-of-::eam dilntion); 
. the washing difficulty of the coal. 

The first three elements are 1arg:ly under the 
control of the operator the last is largely an inhxnt 
propelty of the coal seam. 

The first part of this paper looks at some possible 
environmental controls of washing difliculty of British 
Columbia coals. Lithotype and mace& evidence are 
obtained from a number of published papers and the 
relationship between these data and the amount of 
dispersed mineral matter is discussed. It is generally 
considered that it is the amount and distribution of the 
finely dispersed mineral matter that most effects 
washing difficulty. If the coal contains a higher than 
normal amount of tinely dispersed mineral matter then 
it will be difIic:ult to wash. There is no universal 
definition of this material. It is probably present in the 
coal as fine particles associated with the different coal 
macerals, as fillings in the coal mace& and as 
chemically bound components in the coal molecular 
structure. Changes in washability are caused by 
changes in the amount and distribution of this material. 

The difficulty of washing coal is related to the 
degree of liberation of rock from coal in the size-waist 
(range of particle sizes) that enters the p: ant. If there is 
incomplete liberation of rock from coal then whatev:r 
the washing process in the plant, some: rock will IK 
misplaced in the clean product and sxne coal wll 
escape with the reject material. Rwk splits are 
generally easy to liberate from the coal and an increase 
in their amount in the R.OM coal decreases plant 
recovery but does not make the coal owe difficult to 
wash. It is the amount of dispersed mineral matins’ that 
most influences washing difficulty. 

A wash plant can respond to chaltging w:z;hing 
characteristics of ROM coal by making process 
adjustments or by blending differen. seams with 
diierent washing difliculty The key is foreknowlS:d,:e 
of changes in the washing characteristii:s of the waras 
to be mined. The method of prediting wtxihing 
diiculty proposed in this paper helps in this respe:t. 

The dispersed mineral matter has a number of 
origins: 
. wind blown; 
. water transport; 
. original component of the vegetation; 
. introduced rubsequent to the start of coalification 

(syngenetic or epigenetic emplacement) 
The source and amount of the dispersed mineral 

matter and the environment in which the coal formed 
are related and therefore there will be some relationship 
between washing difficulty of the coal and the 
depositional enwonment in the coal swamp. 

PART 1 ENVIRONMENTAL 
CONTROLS ON WASHTNG 
DIFFICUILTY 

RELATIONSHIP BETWEEN LITEI’OTYP~?S: 
AND DISPERSED MINERAL MAYTER 

Coal seams can be subdivided into lithotypes \rhi,:h 
are. outcrop mappable zones of coal within the mm, 
distinguished by brightness, banding and guwal 
appearance. Terms such as bright, banded or banded 
dull are used. Lithotype mapping is a solnewhat !tedicus 
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LIGNITE OCCURRENCES ON THE COAL RIVER, 

NORTHERN BRITISH COLUMBIA (94MhO) 

By Barry D. Ryan 

KEYWORDS: coal River, lignite, coal, peat, clay, 
energy resource, konardite. 

INTRODUCTION 

Coal River flows south to join the Lid River 
approximately 150 kilotnetres east of Watson Lake and 
40 kilometres south of the Yukon border (Pigore 1). 
The area has subdued topography and elevations range 
from about 550 to 600 metres. The river crosses the 
Alaska Highway at kilometre 858. Coal was first 
reported in the area by McConnell (1891). At the 
mouth of Coal River, he found lignite boulders which 
he doscribes as being of inferior quality, and spent part 
of a day traversi,ng up the river to try and find the 
source. A walk of several miles tiled to locate it. He 
describes Coal River as a “small clear stream about 
100 feet wide”. The author prefers to describe it as a 
fast-flowing river, 100 metres wide, which he traversed 
in a jet boat. McConnell also mentions lignite in an 
unnamed creek which enters the Liard from the sooth 
and is 11 kilometres beyond (west?) of Hyland River. 
McCoonell’s account is repeated by Dowling (1915) 
who did not visit the location and provides no 
additional data. 

The source of the lignite was located by Williams 
and DeLeen prior to 1944 (:Williams, 11844) about 10 
kilometres (6 miles) as the crow flies up river from the 
Alaska Highway. At about the same time, c~xs 
building the Alaska Highway were using li#;nite 
boulders, washed down from the outcrop, for he&Q in 
an army camp. Williams found an outtrop of fiileeo 
feet (4.6 metres) of lignite dipping to th: southwest at 
about 25’ on the west bank of the river. He states :&a 
“the foohvall is not visible”. Part of the: seam war on 
fire and he describes fool smelling gases and the 
presence of tar at the sor&e. The bwning area is 
described as small. He quoted local reports that led him 
to believe that the lignite extendetl for sexad 
kilometres up river to a falls, but he gave no estimate of 
the resource. He anal@ a sample of 1 he lignite and 
also mentioned the extensive deposits of ,white clay ,&at 
outcrop on the west side of the river (photo 1). A test of 
the clay indicated a cream to grey colo~ur after li::il:, 
but no mineral analysis was made. 

MacKay (1947) mentions Coal River in a table and 
assigns it a possible mineable tonnage of 5 million 
tonnes based on an assumed aereal exten:: of 0.5 rqwe 
miles. This assmnption is very conwvative when 
compared to the present mapping. 

A partial map of the area published by McLeatn 
and Kindle (1950) who outlined an area of about 50 
square kilometres possibly underlain by Terttiy 
lignite-bearing sediments. The area wls mappel. in 
1958 and 1960 by Hugh Gabrielse (1962) who rn?ppd 
a small area of Tertiary lignite-bearing sediments an 
Coal River but found no other occurrences in the 
general vicinity. The area to the north, in the Yukool~ 
was mapped by Douglas and Mac:Lean (:1963). 
According to Campbell (1967) there is the potential for 
coal in the Watson Lake - Hyland Riwr area but ED 
potential along Coal River in the Yukon. Since I%2 
there has been little mapping activity in tile area 

No map has been found which locate ; McCoruxll ‘s 
second lignite outcrop near Hyland River to the west. 
There is a mention of coal in TaGno Creek 10 
kilometres east of Hyland River in Hughes and Long 
(1979). They also mention Coal River in ,t discussion of 
Early Tertiary coal deposits i,tt the Tintitw Trench. 

Figure 1. Laation map for Coal River 

Geological Fieldwork 1995. Paper 19961 

ldegroot
New Stamp













SOURCE AND DISTRIBUTION OF PHOSPHORUS 

IN BRITISH COLUMBIA COAL SEAMS 

By Barry D. Ryan and D.A. Grieve 
,--.-. 

KEYWORDS: Phosphorus, coal, steel, mace&, maceral 
porosity, phosphorus strip-logs. 

INTRODUCT,ION 

Phosphorus contents of coal from around the world 
vary although there is a tendency for Permian coals from 
India and Australia, and Cretaceous coals from Western 
Canada to have more phosphorus than Carbcmiferous 
coals from Europ+ and USA (Table 1). This may be 
because of the evolution of vegetation type over 
geological time or because of the conditions in the coal 
swamps. Data presented here suggest that most of the 
phosphors in coal derives from the original vegetation 
and, in fact, the :amount of phosphorus in coal may be 
less than expected based on its concentration in 
vegetation. How the phosphorus is removed from the coal 
is less clear although a number of possible methods are 
suggested that i,nfer broad distribution patterns of 
phosphorus in various lithotypes and macerals. In some 
cases there is evidence to indicate that phosphorus is 
concentrated in the inert mace&, but in other cases the 
evidence is contradictory or ambiguous. 

Phosphorus is generally considered an undesirable 
element in steel,, which it makes brittle. It can be 
removed from the hot metal used to make the steel, but 
companies generally prefer to control the amount 
entering the steelmaking process. Phosphorus originates 
in the iron ore, siuter pellets and in the coal used to make 
blast furnace coke. Steel mills have limited sources of 
supply of iron ore but can buy coal from a number of 
suppliers They therefore sometimes give preference to 
coals with lower phosphorus contents, and the 
phosphorus content can have implications on the 
marketability of toal for coke making. This is generally 
not the case for thermal coal in which phosphorus 
contents ranging from 0.1 to 124 P20s in ash may be 
acceptable (Skorupska, 1993). 

Limited data indicate that phosphors is difficult to 
remove from coal by conventional washing techniques. It 
is therefore important, in metallurgical coal mines, to 
understand the distribution of phosphorus in the coal 
seams, because blending of the run of mine (ROM) coal, 
rather than washing, may be the best way of controlling 
the amount in clean coals. 

Data collected during this study are not identified 
with respect to any particular mine and scams are 
identified by letter, starting with A at the base of the Mist 
Mountain Formation. The lettering system does not 
correspond with the seam numbering in any particular 
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igure 1. Location map for coal mines and pml:&es in 16 
Columbia. 

mine, but does retain the relative statigraphic positia,ns; of 
all the data discussed in this paper. E;amples were 
collected from the Fording, Greenhills, Ellc,iew and Line 
Creek mines (Figure 1). At some mines. incremental 
channel samples were collected across seams. In addition 
samples of run-of-mine (ROM) and plant-product <coal 
were collected. Coal samples were ianalyzed for 
phosphorus, sulphur, sulphw forms, as wel. as a nunlbcr 
of other properties. Samples of hangingwal and footwall 
rock, and possible tonstein bands, were also collected and 
subjected to x-ray diffraction and oxide analysis. 

..- 

PREVIOUS WORK 

There is abundant literature on major oxides, miner 
and trace elements in coal. Unforhmately phosphorus is 
often neglected in these studies, apparenly some:ti.mcs 
not being considered either a trace elenwnt, impix?ant 
major oxide or minor element. Also, \*hen data ille 
located, it is often not clear if they are for raw or washed 
samples. Sometimes the data are expressed as P& in 
ash without providing the concentration of ash in the 
sample, making it impossible to ~calculate the 
concentration of phosphorus in the total sample. In short, 
there is deceptively little useful published phosphwus 
data. 

There have been a number of studies on tie 
occurrence of minor and trace elenwnts in ,:oal, 
conducted with the goal of classifying the elements imo 
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BRITISH COLUMBIA AGGREGATE INVENTORY PROJEC”T 

By Peter Bobrowsky, Nick Massey, Alex Matheson and Paul Matysek 
,--.-- 

KEYWORDS: aggmgate. digital database. inventory, 
potential mapping. sand and gravel 

INTRODUCTION 

In 1994, the CMogical Survey Branch launched an 
initiative focused on the province’s aggregate nxwce.s. 
The backs-d and goals cd this program have been 
summarized previously @obrowsky et al., 19%). 

&ring 1995. progress was made on three fronts. 
Intexesti ~mties were invited to participate in a 
twoday f&m and workshop on- the aggregate 
rewun%!; of the provinc.e. The meeting 
addressed concern and requirements in 
aggregabt resowe management. Case studies 
from Canadian and U.S. jurisdictions provided 
valuable background to the discussions. 
The digital invmaory of private aggregate pits in 
British Columbia has been completed. 
Aggregate potential mapping has been initiated 
with a pilot study in the Prince George area. 

AGGREGATE FORUM 

The Asgregrte Forum and Workshop was held 
March 30-31, 1995. in Richmond. The forum was 
primwily sponsored by the Minisby of Energy, Mines 
and Petroleum Resources and the Ministry of 
Tmnsportation and Highways. Cc-sponwrs included the 
Planners hs!itute .sf British Colxnnbia. the Commission 
on Gwlogksl scieuws for Environmental Pkmning. the 
University of British Columbia (Department of Mining 
and Mineral Process Engineering). and the University of 
Nor&m British Colombia (Natural Resources and 
Environmental Studies). 

The tint day comprised an open forum, with 104 
participants attending. all having an interest in the 
aggregate industry of British Columbia. They included 
-gate producxxss. engineexit@ and geotecbnical 
cwsukams. community planners (Municipal. Regional 
and Fit Nations)., academia (UBC. UNBC. SPU, Wit). 
provincial government i.MEMPR, MOTH, MoF) and 
federal government IDAND. NRC). out-of-province 
participants came from Ontario, Alberta. Yukon, 
Washingtoo State, California and tix United States 
Geological Survey (Colorado, Arizona). 

Fii talks were presented dealing with the. 
ag%egate m&et in Canada and the U.S.A. aggregate 
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geolcgy and inventory in British Golumbia, tb~: 
mmagmmt of aggregate resources. and methcdr of 
mapping and assessing a-gate resource potarrdal 
~obrowsky ef al.. in preparation). 

The second day consisted of a wor!&op with 3 
smakr group of about forty participants, alI interp;tetl 
specialists in the f=ld of aggregate inventory ant1 
mapping. Participants were divided into three discusxion 
groups which considered the need for, and make up of: 

. a provincial aggregate inventory. 
l qualitative aggregate resowce poemisl m~lps, 

and 
l quantitative aggregate resource potlmtial maps. 
The three gmps presented summalies of thei: 

dkussious to the workshop as a whole in I& afterntrmn. 
for fmtber input. 

Broad cowemus was reached during th: two days ai 
Ihe forum concerning the need for a single ~:rovince-wide 
inventory of aggregate pits. There was also sIron& 
support for aggregate potential mapping at 1:50 000 a:& 
with the undertaking of a pilot project az; a means ol’ 
developing suitable methodologies. 

PROVINCIAL INVENTORY 

Information about aggregate pits in Brit: sh Columbia 
is wllected and managed primarily by hvo minislrb:s. 
The ivfinishy of Transportation and Highways gar%cxs 
data on some 4Mx) to 5ooO public pits in o&r to ensure 
an adequate supply of gocd quality gravel is available fox 
consmction. maintenance and rehabilitatior c6hi&wa.ys 
in the province. These data have been mauaged by the 
Minismy of Transportation and Highways using three 
systems: ADIS (aggregate deposit inform&m systean), 
ARMS (aggregate resmmx management system) ;nd 
RAAMS kegiond aggregate account managemrnt 
system). These m being replaced by a ~xew syshm, 
GMSS, which is a compilation of the pxvious three 
separate systems. Assembly of tbis new tlatabase will 
allow fa the elimination of errors in locatkn and status 
of pits and the completion of missing data fields. 

In British Columbia, a-gate pits are cesignated as 
mines. As such. the Ministry of Energy, Mines and 
Petroleum Resources is responsible for their planning, 
management and regulation, including permitting. 
health. safety and reclamation. Ohvners or operators of all 
private aggregate pits must tile Notices of Work as part 
of the permitting and reclamation prcwss. 0m efforts to 
e3ahlish a provincial inventory of private piis @fathewn 
et al.. 1996) have been based on these files. l~ldividual pit 
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MINERAL RESOURCE ESTIMATION: AN EVALUATION OF RESPONSES’ 
FROM NORTHEAST BRITISH COLUMBIA 

E.C. Grunsky and W.E. Kilby 
- - -- __-.- 

KEYWORDS: Mineral resource assessment, estimator 
evaluation, Northeast British Columbia 

INTRODUCTION 
The Mineral Potential Project is an initiative that pro- 

vides predictions of resource abundance in the province and 
has been described by Kilby (1995). Ian this project, resource 
assessment is carried out on specified tracts of land, referred 
to as mineral assessment tracts. These tracts are generaliza- 
tions of contiguous geological tracts that share a common 
tectonic history and metallogeny and whose boundaries re- 
flect differences in lithology, stmctme and geological his- 
tory (see Gnmsky er al., 1994; Church, 1995; Massey, 
1995). Areas that have been covered to date include: Van- 
couver Island, Kcotenay region, Cwiboo region. Skeena- 
Nass region. Mid-,coast, Thompson-Okanagan region, and 
northeast British Columbia (see Kilby, 1995, Figure 1). 

The Mineral Potential Pmject adapted an approach 
similar to the methodology of the IJS. Geological Survey 
three-part assessment method as outlined by Singer (1993). 
The modified methodology used in British Columbia con- 
sists of: 
l Creation of mineral assessment tracts; 
l Grade and tonaage models arc used that reflect the types 

of deposits that, are expected in the area; 
l An estimate of expected undiscovered deposits based on 

the grade and tonnage data. 
In contrast to a purely statistical assessment based on a 

grid-cell approach, the mineral assessment tracts were cre- 
ated to reflect areas that contain specific characteristics re- 
lated to metallogeny. The assessment is based on subjective 
probability applied to the prediction of undiscovered re- 
sources and known resources. The subjective approach to 
resource estimation requires that geologists make estimates 
on the likelihood of finding deposits, based on their knowl- 
edge of the geology and other information within each tract. 
These assessments were carried out in Mineral Resource 
Assessment Workshops. 

WORKSHOI? METHOD 
The workshop were introduced with lectures about the 

regional geology and known metallogeny. Geologists were 
assigned to working groups of three to four members. Each 
group represented knowledge and expertise with specific 
types of mineral deposits (e.g. industrial minerals, gold de- 
posits, massive sulphide deposits). A facilitator was as- 
signed to each group. The facilitator compiled the responses 
from the members and worked at resolving questions ordif- 

Geological Fiela’work 1995, Popr 1996.1 

ficulties that might be encountered in the group. E&:h 
group was given mineral resource assessmes t tract maps, 
geological maps, geochemica] maps, geophysical m,aps, 
and a copy of the MINFILE database. Usng these re- 
sources, the group members di,scussed the likelihood of 
mineral deposits of specific classes that mig] t possibly be 
present. Through discussions. each member of the gwup 
was exposed to the other estimators’ persnal isowledgt: of 
a given tract. Each member of the group would then, based 
on their knowledge, the information provided and the 
group discussion. make an independent conf’dential pmb- 
abilistic estimation of undiscovered1 mineral (deposits. This 
approach, modified from the RCON approacl~ of Resource 
Science, Inc., (1994) weights the responses cf individuals. 
The potential benefit of such weights is thai an estinutoz, 
who is highly respected (high scores) has more influence 
than an estimator who is considered to have less knowle&~~ 
(lower scores) for a particular deposit moilel or min<:ra’~ 
aSSeSS”e”t tract. 

ESTIMATOR RESPONSE 
A cornerstone of accurate estimates is t le correct un,- 

derstanding of how a geologist perceives ti:. likelihooi OF 
at least one or more undiscovered deposits occurring i11 
a tract. Each workshop covered the process of assessment 
with careful instructions of how the resultin],: estimates an: 
translated into a frequency distribution that is used in th: 
simulation process. The use of grade and tonnage models 
is crucial to a meaningful estimate of resources, as the es- 
timator must consider the size, and grade cf a depose:: in 
order to make an estimate (Gmnsky, 1995; Resource Sci- 
exe, Inc., 1994). In this study geologists wed the me,j.ial 
grade and tonnage as the basis for their esl,imates (KiIlb!: 
1995). The estimates were then used as in]:‘ut to a Monte 
Carlo simulation program that computes e:xpected grades 
and tonnage, given the probability of findirtg at least one 
deposit. A typical response is as shown in Figure I. ‘The 
interpretation of this response is as follows: 

The geologist decided that the probabil [ties of finding 
one or more copper skam deposits are: 

85% probability that there is at least cm.: undiscowred 
deposit. 
44% probability that there are at least two undiscovered 
deposits present. 
21% probability that there are three undiswwered de:Jp ;- 
its present. 

From these estimates a probability distribution ~c;m be 
constructed that indicates the likelihood of undiscovend 
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