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- ADDENDUM -

For convenience the lithogeochemical data listed in Table
A.l1 is provided in the file labelled "Back Ck. sdf" in flat
ASCll format on a 5 1/4 inch DSDD floppy diskette in the
pocket of this report.

Data format:

Field Type width Col.
1. SAMP NAME Char 3 1-3
2. SAMP NUM Char 5 4-8
3. UTM ZONE Num 2 9-10
4. EASTING Num 6 11-16
5. NORTHING Num 7 17-24
6. GEOL. CODE Char 2 25-26
ASSAYS Num 5 27-131

Elements: Dec

7. Ag ppmnm Num 5 1

8. As ppm Num 5

9. Au pp Num 5

10. Ba ppnm Num 5

11. Ca ppm Num 5

12. Cd ppm Num 5

13. Co ppm Num 5

14. Cu ppn Num 5

15. F ppm Num 5

16. Fe ppm Num 5

17. Hg ppb Num 5 1

18. K ppm Num 5

19. Mg ppnm Num 5

20. Mn ppm Num 5

21. Mo ppm Num 5

22. Na ppm Num 5

23, Ni ppm Num 5

24. Pb ppm Num 5

25. Sn ppm Num 5

26. Sr ppn Num 5

27. Zn ppm Num 5



FOREWORD

This paper, focusing on the geology and metallogeny of the Upper Cretaceous and Tertiary
volcanic rocks of the Buck Creek basin southeast of Houston in central British Columbia, is
largely based on field mapping completed during the period 1969 to 1976. Much of the material has
been published previously by B.N. Church, mostly in summary reports in annual editions of
Geology, Exploration and Mining in British Columbia for the years in which the work was done.
The geological interpretations presented at that time are supplemented by the inclusion of
extensive lithogeochemical data.

Much work has been done in the Buck Creek area since the field research behind this report
was completed. The Equity Silver orebodies at Sam Goosly Lake will soon be entering their
second decade of open-pit production with the feasibility of an underground mining operation
under investigation; the Silver Queen veins supported production briefly in 1972-73 and have
recently been the target of an extensive underground exploration program which has added
significantly to reserves. The geological staff at Equity published a paper on the mine geology in
Economic Geology in 1984 and more recent work in the Babine and Telkwa ranges, by Don
Maclntyre of this Ministry, has added greatly to understanding of the Jurassic and Lower
Cretaceous stratigraphy which forms the basement to the Buck Creek area.

Although much of the content of this report is dated, it draws together under a single cover
research results previously fragmented through the literature and in unpublished files.

W.R. Smyth, Chief Geologist
Geological Survey Branch
Ministry of Energy, Mines and Petroleum Resources
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CHAPTER 1

INTRODUCTION

The Buck Creek area is situated on the Skeena arch in
central British Columbia, midway between Prince Rupert
and Prince George. The map area covers approximately 3000
square kilometres of rolling terrain bounded by Francois
Lake on the south and Highway 17 on the north, between the
towns of Houston on the west and Burns Lake on the east,
including parts of NTS map sheets 93L, 93E and 93K.

The object of this report is to bring together results of
previous geological investigations and some new
lithogeochemical data with a view to shedding further light
on the genesis of ore deposits in the area. It builds on
1:100000-scale geological mapping of the Buck Creek area
completed mainly in the period 1969 to 1972 and on addi-
tional information gathered during numerous subsequent
visits to the area.

Successive studies show that the area is underlain by
sedimentary and wolcanic rocks and igneous intrusions of
Mesozoic and Tertiary age which host a variety of mineral
deposits. The first definitive geological descriptions were by
Leach (1907, 1910) on the Hazelton rocks, Kerr (1936) on
the mineral deposits of the area, and Lang (1941) and
Armstrong (1965) on regional mapping. More recent reports
on the regional geology have been published by Church
(1973a) Tipper (1976) and Tipper and Richards (1976).
Other publications by the authors include Church (1970a) on
the Silver Queen mine at Owen Lake, Church (1970b, 1971¢)
on the Sam Goosly deposit (the Equity mine); Church
(1973b) on the Grouse Mountain deposit; Church et al.
(1976) on the lithogeochemistry of the Owen Lake, Parrott
Lakes and Goosly Lake areas; and Church (1985) on the
geology and mineralization in the Buck Creek area.

PHYSIOGRAPHY AND GLACIATION

The Buck Creek area is a well-dissected part of the
Nechako Plateau straddling the Skeena-Fraser drainage
divide. Elevations vary from about 600 metres (1950 feet) on
the Bulkley River at Houston and 715 metres (2350 feet) on
Francois Lake, to 1625 metres (5330 feet) at the summit east
of the Equity minesite, near the centre of the map area.

The topography and drainage patterns have been greatly
modified by Pleistocene glaciation. In general, high ridges
and summits have been bevelled and smoothed 4and valleys
widened by the advance of regional ice sheets and smaller
valley glaciers.

The direction of last advance of the Wisconsin (Fraser)
Cordilleran ice sheet, as determined from glacial striae
measurements, was easterly, averaging 085°. Granite boul-
der erratics found scattered across the west part of the map
area were probably plucked and ice-rafted from the high
mountain ranges to the west. Final retreat of the ice left the
area strewn with gravel and clay. Drainage resulting from the
ablation is responsible for fluvial sands such as found along

the Bulkley River, and esker deposits at Burns Lake and near
lower Parrott Lake.

Physiographic evidence shows that both Owen Lake and
Goosly Lake were once much larger than at present.
Ancestral Owen Lake was ponded between a retreating valley
glacier on the north and a thick terminal moraine on the
south. Meltwater entering this lake from the east, mainly
from Wrinch Creek, built an outwash fan which now forms a
distinctive broad bench, causing a conspicuous large bend in
the present outline of Owen Lake. Breaching and downcut-
ting of the terminal moraine at the south end of the lake
resulted in drainage of the meltwaters and erosion along th
valley between Owen Lake and Francois Lake.

The eventual withdrawal of ice from Owen valley at the end
of the glacial period caused a reversal in local water flow from
the Fraser River system via Francois Lake on the south, to the
present course, flowing northerly to the Bulkley and Skeena
river systems. In recent times, alluvial fans spread across the
valley floor at the mouth of Emil Creek and Okusyelda
Creek, near the north end of Owen Lake. Growth of these
fans dammed Owen Creek from time to time and raised Owen
Lake to its present level.

Ancestral Goosly Lake is believed to have extended about
6.5 kilometres west and 3 kilometres east beyond its present
limits, covering a broad flat section of the main valley.
Meltwater streams entered this body of water from the east,
more or less parallel to the present drainage, and from the
north along Klo Creek. The lake drained southward from an
outlet located about 2.5 kilometres southwest of the present
mouth of Klo Creek, the outflow eroding a deep channel in
older glacial outwash en route to Parrott Creek. Later melting
of an ice dam at the west end of the lake allowed the water to
escape along the present course of Buck Creek, the southern
outlet being abandoned. Goosly Lake was reduced to its
present level following erosion of a canyon through a section
of basaltic lava on Buck Creek, near the margin of the former
lake.

In general the area contains expanses of glacial till and
fluvioglacial sediments, which are local hindrances to pro-
specting and mine development. Thicknesses of this material
in excess of 20 metres are not uncommon.

MINING ACTIVITY

Prior to 1905, native Indians reportedly recovered a small
amount of placer gold from Bob Creek, near its confluence
with Buck Creek, 10.6 kilometres south of Houston. Subse-
quently, lode sulphides were discovered and explored on
Grouse Mountain, 19 kilometres north of Houston, in the
period 1915 to 1929, and at Owen Lake, 35 kilometres south
of Houston, from 1912 to 1923. Further intermittent explora-
tion at Owen Lake finally led to production from the Silver
Queen mine in 1972 amounting to 190 676 tonnes of ore



CHAPTER 2

GENERAL GEOLOGY

Eighteen geological units are mapped in the Buck Creek
area (Table 2.1; Figure 1, in pocket). They include a wide
variety of Mesozoic and Tertiary strata that have undergone
multiple episodes of faulting and igneous intrusion.

The relative stratigraphic position and age of these rocks
were generally decided by the rules of superposition of beds,
degree of regional metamorphism and cutting relationships
of the igneous intrusions. Fossil evidence and radiometric
dates provide some local control. The placement of geologi-
cal contacts is based on detailed mapping in the vicinity of the
principal mines and exploration prospects, and more than
3000 outcrop control stations scattered throughout the area.

This report retains the names ‘“‘Topley”. “‘Bulkley’,
“Nanika” and ‘““Goosly” for the principal igneous intru-
sions, and the established names of the major stratigraphic
divisions such as ‘‘Hazelton”” and **Skeena” for Jurassic and
Early Cretaceous .formations, respectively, from previous
geological usage. The informal name ‘‘Francois Lake
group’’ is newly applied to the succession of Late Cretaceous
and Early Tertiary beds that underlie much of the Buck Creek
map area. This replaces ‘“Endako Group” mapped in the
eastern part of the area (NTS 93K) by Armstrong (1965)—a
name also adopted by Church (1970a, b) during mapping to
the west (NTS 93L), but subsequently abandoned to avoid
ambiguity in the light of new radiometric dates (Church,
1973a) showing the rocks to be older than the *‘Oligocene
and younger’” limit assigned to the Endako Group by Arm-
strong (see Table 2.4). The name ‘‘Ootsa” is retained infor-
mally for an Upper Cretaceous rhyolite formation mapped by
Duffell (1959) on the north shore of Francois Lake (NTS
93E) and similar units identified just to the northwest near
Owen Lake, by Church (1970a, page 123). “Ootsa’ is not
used in Armstrong’s nomenclature nor elsewhere by the
present authors because it is uncertain that this unit is
coextensive with basal acidic volcanic rocks in the Francois
Lake group exposed throughout the Buck Creek area (see
section on “‘Acidic Volcanics™ in this chapter).

The term ‘‘plateau basalts’, adopted in this report, is
generally used in reference to thin, near-horizontally bedded
Miocene (and younger) basalts found throughout south-
central British Columbia. The term fits, in part, Armstrong’s
(1965) **Oligocene and younger” definition of the Endako
Group and Mathew’s (1989) description of the Chilcotin
Group.

HAZELTON GROUP

The oldest stratigraphic units are assigned to the Hazelton
Group. They consist of an assemblage of mostly gently
dipping resistant lavas and pyroclastic rocks (Units 1 and 2,
Figure 1) and interbedded and basal sedimentary rocks
(Unit 0) exposed mainly in the north, northwest and east
marginal parts of the map area, as well as in several small
windows formed by erosion of the Tertiary cover rocks. On

Grouse Mountain, west of McQuarrie Lake just northwest of
the map area, three divisions are recognized in the Hazelton
(Church, 1973b). These comprise a lower assemblage of
reddish lavas and tuffs (Unit 1), overlain by fossiliferous
argillite, quartzite and tuff, and upper volcanic rocks (Unit 2)
similar to the lower assemblage but containing some conspic-
uous rhyolite flows. Elsewhere in the Buck Creek map area
the upper volcanic rocks rest, without intervening sedimen-
tary beds and without much distinction, on the lower volcanic
unit. Units 1 and 2 are thought to correspond respectively to
the ““Howson subaerial facies” and ‘‘Bear Lake subaerial
facies™ of the Telkwa Formation described by Tipper and
Richards (1976). In more specific terms the volcanic and
sedimentary rocks of Unit 2 are believed to unconformably
overlie the Telkwa Formation (Unit 1) of Sinemurian age
(Maclntyre et al., 1987).

MAaXxAN LAKE FORMATION

The informally named Maxan Lake formation (Unit 0) is
the oldest known fossiliferous sedimentary unit within the
map area. These rocks probably correlate with the lowest part
of the Telkwa Formation. The unit is exposed approximately
5 kilometres east of the north end of Maxan Lake. These
rocks are mostly poorly exposed, flaggy bedded, brown
mudstones and sandstones. The total thickness and contact
relationships of the unit are uncertain other than that the beds
appear to be in fault contact with a massive section of
Hazelton volcanic rocks (Unit 2) lying adjacent to the north-
east. Also, the unit is unconformably overlain by Tertiary
lavas to the south and southeast and faulted against the same
rocks on the northwest.

The fossil content of the Maxan Lake formation includes
carbonaceous plant remains, corals, brachiopods, gas-
tropods and pelecypods. Among the suite of pelecypod shells
Jaworskiella siemonmulleri, Welya acutiplicata and Welya
bodenbenderi (Plate 2.1; GSC Catalog No. C-103718) have
been specifically identified by T.P. Poulton of the Geological
Survey of Canada who has suggested a late Sinemurian age
for the assemblage.

A basal chert-pebble conglomerate exposed on the north
shore of Francois Lake contains Weyla fragments and may
represent the main body of Maxan Lake formation within the
map area. The absence of granitic clasts supports the fossil

" evidence suggesting an Early Jurassic age. Younger sedi-

mentary rocks in this area locally contain fragments of the
Topley and younger granitic plutons. These rocks are tenta-
tively inferred to be Skeena Group and ambiguously assigned
the symbol “Unit 3/0” on Figure 1.

TELKWA FORMATION

The Telkwa Formation (Unit 1) is primarily volcanic,
consisting of massive maroon and grey breccia and tuff
deposits interbedded with a few greenish lava flows. A



TABLE 2.1
TABLE OF FORMATIONS FOR THE BUCK CREEK AREA

quartz porphyry-intrusions on Okusyelda Hill

(major unconformity)

LOWER CRETACEOUS

JURASSIC

SKEENA GROUP?

A mixed assemblage of chert-pebble and polymictic

conglomerate, sandstone and felsic volcanic

fragmental rocks; shale and massive rhyolite lava ~750
form local deposits; includes conglomerate with

some weyla-bearing fragments

(major unconformity)

HAZELTON GROUP
Undivided fine-grained dacitic andesite, rhyolite and ?
basaltic lavas, volcaniclastic rocks and dikes

TELKWA FORMATION: includes maroon tuff and tuff breccia ?
MAXAN LAKE FORMATION: Weyla-bearing brown sandstones;

may also chert-pebble conglomerate and associated beds assigned ?
to the Skeena Group

STRATIGRAPHIC
AGE (Ma) BEDDED ROCKS THICKNESS IGNEOUS INTRUSIONS
(IN METRES)
MIOCENE
21.4+1.1 POPLAR BUTTES FORMATION: Columnar olivine basalt 60-90 Feeder dikes to Poplar Buttes basalt
(major unconformity)
EOCENE Feeder dikes to Buck Creek
48.2+1.6 BUCK CREEK FORMATION formation including diabase and a
PARROTT MOUNTAIN MEMBER: Mainly andesitic breccia ~100 variety of microporphyry and fine
grained types
SWANS LAKE MEMBER: Mainly basaltic lava " hvry dik i
HOUSTON MEMBER: Aphanitic andesite and dacite lavas ~300 Quartz porphyry dikes cutting
. X . Goosly stock
2 and volcanic breccia, minor basalt
2 GOOSLY INTRUSIONS:
g 48.7 to GOOSLY LAKE FORMATION: Mainly andesite and 500 = Syenomonzonite-gabbro bodies;
&} 54.3 trachyandesite lavas with bladed feldspar phenocrysts - including stocks in the Parrott Lake
= and Goosly Lake area
f: { BURNS LAKE FORMATION: Conglomerate, sandstone and shale
-l
% P (unconformity) NANIKA INTRUSIONS: Granitic
Ol 627 o TCHESINKUT RHYOLITE? 100? stock west of Equity mine and
% : (unconformity) quartz feldspar porphyry at Dungate
= Creek
[
UPPER CRETACEOUS BULKLEY INTRUSIONS
75.5t0 TIP TOP HILL FORMATION: Mainly biotite-hornblende 500 Mine Hill microdiorite sills and
77.1 andesite and andesitic dacite lavas and pyroclastic rocks dikes
P . . . . Basic and intermediate stocks at
78.1to Acidic volcanic rocks, mainly rhyolite lava in the -
80.6 Bob Creek and Bulkley Lake areas possibly related 100? Bob Creek and Tsichgass Lake

Biotite-plagioclase porphyry stock
at Duck Lake and related dikes in
the Owen Lake and Bob Creek area

TOPLEY INTRUSIONS: includes
the granitic bodies at Topley and
near Burns Lake










TABLE 2.2 ANALYSES OF YOLCANIC ROCKS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Oxides recalculated to 100:
Si0, 50.60 60.86 68.10 72.64 76.85 79.50 59.88 64.03 51.68 57.40 57.83 61.06 61.95 55.08 56.29 66.95 78.08 44.00
TiO, 142 102 102 049 020 0.10 083 080 0091 149 130 B30 LS k00 1.64. - 105 .0.10 <3.01
ALO; 18.10 18.07 19.64 14.59 13.01 11.51 18.20 1594 16.19 16.20 18.15 16,56 17.16 16.26 1593 16.69 13.78 15.11
Fe,0, 744 425 147 217 087 095 387 273 1.78 3.64 512 492 237 368 549 3.01 049 5.11
FeO 6.73 351 391 113 006 004 220 340 760 444 146 134 282 565 379 133 0.08 79
MnO 050 0.14 0.09 024 003 0.03 010 006 017 010 0.08 0.10 0.14 0.15 0.12 004 0.04 0.18
MgO 346 271 1.44  0.72 -_ 037 1.9 271 888 456 327 172 092 637 465 105 056 862
CaO 593 1.78 1.07 136 041 139 633 48 794 58l 640 547 486 759 696 349 232 9.86
Na,O 489 323 075 009 321 146 473 0.18 433 377 427 424 374 287 3.64 313 294 448
K0 0.93 441 251 657 536 465 19 474 052 259 212 329 429 135 149 326 161 1.73
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Oxides as determined:
H,0 + 271 216 280 263 098 336 347 220 346 0.07 1.17 120 254 174 146 330 980 3.63
H,0- 0.13 006 022 010 039 171 052 05 076 251 1.44 121 079 050 2.01 1.06 548 0.44
CO, 0.01 0.01 001 147 0.17 010 001 615 193 004 002 006 55 — 0.07 0.09 0.02 0.01
P,0s 0.09 0.17 001 001 027 007 014 129 044 099 045 0.13 1.23 061 002 0.58
S 0.16 142 - - — 1.32 — 001 0.01 0.01 0.01 0.02 — — — —
Refractive
Index 1.587 1.539 1.523 1.505 1.486 1.487 1.543 1.538 1.583 1.561 1.553 1.542 1.538 1.574 1.570 1.523 1.491 1.618
Molecular Norms:
Qz 0.1 15.8 414 344 474 9.7 280 - 6.6 74 11.1 12.5 6.7 9.5 257 463 —
Or 56 263 40.3 320 283 116 290 30 153 125 196 256 8.0 8.9 195 9.7 10.1
Ne - — - - - — - - - - - - - - - 14.1
Ab 444 292 0.8 29.1 13.5 424 1.7 382 339 383 382 338 259 330 285 269 16.3
An 25.1 8.9 7.0 2.1 7.1 226 251 228 197 241 166 175 275 229 176 117 159
Wo 1.9 - - - - 35 - 6.3 3.7 3.1 4.3 27 41 48 - — 130
En 9.7 7. 2.1 - 1.1 5.2 7.8 52 126 9.0 4.8 26 IN7. 130 29 1.6 -
Fs 33 1.1 — — - B 23 1.9 23 - - 03 4.8 — - - -
Fo - - — — - - — 14.2 - - - - - - — — 17.8
Fa - - — — - - - 5.4 - - - - - — - - 3.3
I 2.0 1.4 0.7 0.3 0.1 1.2 1.2 1.2 2.1 1.8 1.8 2.5 1.4 2.3 1.5 0.1 4.2
Mt 7.9 4.5 1.7 - - 34 3.0 1.8 3.8 0.7 0.4 2.5 3.9 54 0.9 — x3
He — — 05 08 0.8 0.4 - - - 3.1 32 — — 0.2 1.5 0.4 -
Cor - 5.2 5.5 1.3 1.7 — 1.9 — - — — - - - 1.9 33 -
Key to analyses: 10. Trachyandesite breccia, Goosly Lake formation, Francois Lake, 4
1. Amygdaloidal basalt, Hazelton Group, Telkwa Range (Church, kilometres east of Colleymount.
1970c, No. 1 on page 88). 11. Andesite lava, Goosly Lake formation, Goosly Area (Church,
2. Dacitic andesite tuff, Hazelton Group, Telkwa Range (Church, 1970b, No. 3 on page 148).
1970c, No. 2 on page 88). 12. Bladed porphyry lava, Goosly Lake formation, northeast of Klo
3. Altered dacitic tuff, hostrocks, Equity mine. Lake.
4. Rhyolite breccia, Ootsa volcanics, Bob Creek canyon (Church, 13. Trachytic lava, Goosly Lake formation, Goosly area (Church,
1986, No. 2 on page 121). 1971a, No. 7 on page 124).
5. Rhyolite tuff, Ootsa volcanics, Francois Lake (Church, 1973a, No. 14. Basaltic breccia, Buck Creek formation, Dungate Creek (Church,
1 on page 356). 1973, No. 3 on page 356).
6. Rhyolite, Tschesinkut Lake (Church, 1973a, No. 2 on page 356). 15. Basaltic andesite lava, Swans Lake member, Buck Creek
7. Andesite lava, Tip Top Hill formation, Klo Creek (Church, 1971a, formation (Church, 1973, No. 5 on page 356).
No. 8 on page 124). 16. Dacite lava, Parrott Mountain member, Buck Creek formation
8. Andesite breccia, Tip Top Hill formation, Owen Lake (Church, (Church 1973, No. 4 on page 356).
1973¢, No. 1 on page 369). 17. Rhyolite obsidian, Fenton Creek volcanics (Church, 1973, No: 1
9. Basalt lava, Goosly Lake formation, Goosly area (Church, 1971a, on page 376).
No. 5 on page 124). 18. Poplar Buttes basalt (Church, 1971a, No. 11 on page 124).



Plate 2.3. Accretionary lapilli elongated parallel to
foliation, Hazelton Group on Grouse Mountain.

Within the Buck Creek map area, similar rocks (without
coal) identified by Tipper and Richards (Unit 3), are exposed
in a series of small windows in the Tertiary and Late Cre-
taceous covering formations. These exposures extend from
the centre of the map area, near Goosly Lake, southeast for
about 30 kilometres to the north shore of Francois Lake. A
drill-hole cross-section at the Equity mine, northeast of
Goosly Lake, shows a sequence of steep, westerly dipping
beds 750 metres thick. At the top of the section, the beds are
soft, grey tuffs and lapilli tuffs with a few bands of laminar-
bedded tuffaceous argillite and chert-pebble conglomerate.
The central part of the section shows a progressive downward
increase in the volume of tuff breccia and coarse volcanic
debris. Near the middle of the sequence the fragments
are mainly aphanitic dacite, with some microporphyritic
feldspathic admixtures. Local deposits of rhyolite breccia
and what appear to be thin, welded rhyolite ash-flow units are
also present. In the lower part of the section, dacitic tuff-
breccia with some intercalated chert-pebble conglomerate
overlies a tongue-like body of shattered dacitic dust tuff

(Table 2.2, No. 3). The base of the section consists of a few
hundred metres of well-indurated chert-pebble conglom-
erate. The apparent source of this chert is the Cache Creek
terrain east of Babine Lake.

Tt is significant that the conglomerates on the north shore of
Francois Lake contain a peculiar mixture of fossils that
include Trigonia emoryi (Early Cretaceous) and Weyla sp.
(Early Jurassic) (Plate 2.4). As identification of the Trigonia
by the senior author is not positive, it seems possible that
much or all of Unit 3 in the map area is correlative with the
Early Jurassic Maxan Lake formation (Unit 0). Alternatively,
the Weyla remains may represent transported clastic material
eroded from a nearby Jurassic terrain. Regionally, chert-
pebble conglomerates that have been dated are Early Cre-
taceous or younger. If the Jurassic fossils are clasts, the
conglomerates are younger and may be Skeena Group. If the
fossils are in place, then these chert-pebble conglomerates
are Jurassic and unlike other dated examples.

There is also some question about the age of black shales
and rhyolite exposed locally (Unit 3 on Figure 1) and by
drilling on the Gillian claim group 5 kilometres southwest of
Goosly Lake. Based on the structural tilting of the black
shales, their association with rhyolites and general
lithologies, these rocks may correlate in part with the Early
Cretaceous Red Rose Formation (Sutherland Brown, 1960),
or the Jurassic Ashman and Nilkitkwa formations of the
Hazelton Group (Maclntyre et al., 1987); the former correla-
tion is favoured because of the nearby occurrence of Skeena-
like Cretaceous rocks at the Equity mine.

FRANCOIS LAKE GROUP

The Late Cretaceous and early Tertiary volcanic and
sedimentary rocks, informally named here the Francois Lake
group, comprise six principal units with a maximum aggre-
gate thickness of about 1500 metres. At the base there are
unnamed felsic volcanic breccias and lavas (possibly equiv-
alent, in part, to the rhyolite formation of the “Ootsa group”’
exposed south of the map area), followed upward by the Tip
Top Hill, Burns Lake, Goosly Lake, Buck Creek and Fenton
Creek formations—informal names previously proposed by
Church (1971a).

The Francois Lake group represents a close succession of
igneous events extending from Late Cretaceous through the
Early Tertiary. These events begin at 80.8 Ma and range from
78.11t048.2 Ma (see Table 2.4). They commonly consist of a
volcanic cycle beginning with rhyolite eruptions fed by
granitic intrusions, changing to andesitic volcanism, then to
mixed felsic and basaltic lava types and corresponding
intrusions.

The type area for the Francois Lake group is the Owen
Lake—Parrott Lakes—Goosly Lake area mapped by Church
(1971a) (see Figure 4.2). A stratigraphic cross-section is
shown on Figure 1. The following descriptions detail items
such as age, petrography, chemistry (major and minor
elements), composition frequency and range, thickness
where best developed, and distribution.










timing of these events follow the cycle of development of the
Tahtsa Lake cauldron subsidence complex, described by
MaclIntyre (1985) and centred 80 kilometres to the
southwest.

Trp Tor HILL FORMATION

The Tip Top Hill formation (Unit 5), consisting of andesitic
lavas and pyroclastic rocks (Church, 1971a), overlies
rhyolites in the Owen Lake area. Radiometric analysis of a
typical sample of the andesite gives a date of 77.1+2.7 Ma
(Table 2.4, No. 17). The relative age and stratigraphic
position of this unit resemble “‘Andesitic Flows (Unit 9)” of
the Whitesail-Troitsa Lake map area (see Diakow and
Mihalynuk, 1987, page 179).

The Tip Top Hill volcanics cover a large area in the west
part of the Buck Creek map area, extending in a belt from the
Owen Lake area to the north end of upper Parrott Lake and
easterly to Goosly Lake. The best-developed section, which
is about 500 metres thick, is found on the divide north of Tip
Top Hill.

The principal eruptive centre for the Tip Top Hill volcanics
appears to be the Mine Hill microdiorite intrusion at the
Silver Queen mine just east of Owen Lake. The age and
composition of these rocks is similar, and volcaniclastics near
the microdiorite are locally coarse, containing markedly
angular fragments, suggesting proximity to a volcanic vent
(Church, 1970a, Plate VB, page 125). The long axis of the
volcanic field, containing the thickest sections, trends north-
east through the intervening area between the Silver Queen
and Equity mines (see Figure 5.2).

The Tip Top Hill rocks are mainly brown volcanic brec-
cias, characteristically charged with small feldspar plates 0.5
to 2 millimetres in length. Generally they also contain
scattered hornblende phenocrysts, some of which are as
much as 1 centimetre long. In thin section the rocks are found
to be merocrystalline with subhedral zoned plagioclase
(about 35 per cent) and accessory biotite, pyroxene and
hornblende (about 7 per cent combined ferromagnesian
minerals) suspended in a fine-grained devitrified matrix. The
mean composition of these rocks is between andesite and
dacite, as indicated by arc fusion determinations (Figure 2.2)
and chemical analysis (Table 2.2, Nos. 7 and 8).

BURNS LAKE FORMATION

The name Burns Lake formation (Unit 6) is here applied to
the poorly exposed sedimentary rocks underlying the 20
square kilometre area immediately north and east of the town
of Burns Lake. These are medium to well-indurated, gently
dipping conglomeratic beds which appear to be basal to the
Tertiary section. The clasts consist mostly of well-rounded
grey chert, black, reddish and grey metaquartzite and white
quartz pebbles accompanied by a few boulders of the same
composition measuring more than 20 centimetres across. No
feldspar is seen in thin section. Although the exact contact
relationships are unknown owing to poor exposure, the unit
appears to rest unconformably on the Topley granite (Unit A)
along its southeast contact, and to be overlain by feldspar
porphyry lavas of the Goosly Lake formation (Unit 7). The
estimated total thickness of the unit is 50 to 100 metres.
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Figure 2.2. Composition frequency of volcanic rocks
in the Owen Lake - Goosly Lake area.

GoosLY LAKE FORMATION

The Goosly Lake formation (Unit 7), dated 48.8 = 1.8 Ma,
consists mainly of trachyandesite lava with minor amounts of
trachyte and basalt (Figure 2.3). These rocks are widely
distributed throughout the central and east parts of the map
area. The best-developed section, about 500 metres thick, is
located south of the southeast end of Goosly Lake. Other
thick sections are found northeast of Goosly Lake and north
of Parrott Lakes. In some of these areas parts of the sections
are unusually massive, consisting of very thick lava flows,
sills and possibly discordant intrusions.



Generally the Goosly Lake rocks are light brown or cream
coloured and characteristically contain large plagioclase
laths or glomerophenocrysts of feldspar measuring up to
I centimetre across. Thin sections show an average of 15 per
cent plagioclase phenocrysts accompanied by accessory
diopsidic augite, magnetite, biotite and, less commonly,
hornblende. These crystals are normally suspended in a fine-
grained feldspathic matrix. Except for a few amygdules,
quartz is not readily visible in thin section, although analysis
of the typical lava shows more than accessory normative
quartz.

Compositional extremes include dark pyroxene-rich basal-
tic lavas and fine-grained trachyte and pulaskite feeder dikes
(Table 2.2, Nos. 9 to 13). The basaltic rocks are locally
exposed on slopes 3 kilometres south and 6.5 kilometres
southeast of Goosly Lake. The trachyte covers a small area
just southwest of the Equity mine.

The principal sources of the Goosly Lake volcanic rocks
are three aligned stocks of petrographically similar rock of
about the same age, coinciding approximately with the
eruptive axis of the older Tip Top Hill volcanics in the area
between the Silver Queen and Equity mines. The lavas here
appear to flow and fan outward from these centres, reaching
the peripheral parts of the basin.

Buck CREEK FORMATION

The Buck Creek formation directly overlies the Goosly
Lake volcanic rocks at many localities. The rocks are com-
positionally diverse and geographically the most widely
distributed of all the units in the map area. The formation
consists mostly of fine-grained amygdaloidal brown lava
although porphyritic lavas and breccia deposits predominate
at volcanic centres such as China Nose Mountain in the north
and Parrott Mountain in the south. The best exposures are
numerous thinly layered lava flows seen on the ridges just
southeast of Houston and the section southeast of Maxan
Lake (see Figure 1).

Three subdivisions of the formation are recognized: the
Houston, Parrott Mountain and Swans Lake members.

The Houston member (Unit 8) is most widespread and
ranges in composition from dacite to basalt with andesite
predominating (Figure 2.3). A sample collected near Buck
Creek was dated 48.2 + 1.6 Ma by K-Ar methods, using a
whole-rock sample. Typically, the beds dip gently, capping
many of the ridges in the central parts and covering complete
sections in peripheral parts of the map area. The same rocks
are also found at low elevations adjacent to major easterly and
southeasterly trending gravity faults near Buck Creek, west
of Goosly Lake and at the east end of the Parrott Lakes. The
best-developed section, measuring about 300 metres thick, is
exposed along Klo Creek.

The lavas and breccias are mostly aphanitic and medium
brown or grey coloured. Thin sections show an average
composition of 80 per cent plagioclase microlites, 10 per cent
interstitial pyroxene grains, 5 per cent disseminated fine-
grained magnetite, and accessory fine-grained biotite and
chlorite. Some brown alteration appears to be pseudo-
morphic after undersaturated mafic minerals, however,
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chemical analysis of the most basic of these rocks shows
accessory levels of normative quartz (see Table 2.2, No. 14).

The Parrott Mountain member (Unit 10) is a younger
assemblage of petrographically distinctive breccias and lavas
surrounding a small volcanic centre south of Tsichgass Lake
near the north shore of Francois Lake. These are mero-
crystalline pyroxene-bearing, plagioclase-rich rocks. Arc-
fusion determination of 20 samples shows a refractive index
range of 1.520 to 1.536 indicating mainly dacitic composi-
tion (Table 2.2, No. 16).

The Swans Lake member (Unit 9) crops out in the north
and east parts of the map area. It is mostly massive, brown
basaltic lava, 15 to 60 metres thick, overlying the Houston
rocks. Arc-fusion analyses of 19 samples indicate a basalt to
basaltic andesite composition range with refractive indices
falling between 1.564 and 1.584 (Table 2.2, No. 15).

FENTON CREEK VOLCANICS

The Fenton Creek volcanic rocks occur in a small area
south of the Morice River beyond the west boundary of the
map area (Church, 1973d). These rocks appear to overlie
other units of the Francois Lake group, including various
phases of the Buck Creek formation. The rocks comprise a
volcanic dome, of about 10 square kilometres in areal extent,
composed of rhyolite obsidian, quartz-porphyry rhyolite and
feldspar-porphyry trachyte flows (Table 2.2, No. 17). Owing
to the massive structure of the lava and breccia of the volcanic
edifice, there has been no attempt to develop a type section.
The age of these rocks indicated by K-Ar analysis is
48.9+ 1.7 Ma.

The young rhyolite and other felsic dikes at the Equity
mine, and the large felsic dike near the main ore zone on
Grouse Mountain, are tentatively correlated with the Fenton
Creek volcanic event.

PLATEAU BASALTS

In the Fort St. James map area, Armstrong (1965) assigned
the name Endako Group to relatively flat-lying Late
Oligocene and younger volcanics which include basaltic lava
flows and breccias as a major facies. Many of these flat-lying
lavas have subsequently been proven to be Eocene age and
therefore are not assignable to the Endako Group as defined
by Armstrong. In this report these rocks are assigned to the
Eocene part of the Francois Lake group. To the southwest, in
the Whitesail map area, Duffell (1959) observed volcanic
rocks occurring as remnants of what appear to be a contin-
uous sheet of basaltic volcanics which presently caps many of
the ridges east of the Coast Mountains. In the Buck Creek
map area only a few small outliers of these plateau basalts are
present. They are correlated with the plateau basalts of the
Chilcotin Group in southwestern British Columbia
(Mathews, 1989).

PopPLAR BUTTES VOLCANICS

The Poplar Buttes volcanic rocks (Unit 11), dated
21.4x 1.1 Ma by whole-rock K-Ar analysis, comprise the
youngest volcanic unit in the Tertiary sequence. The rocks
are typically fine-grained, dark-coloured, columnar basalts




TABLE 2.3 ANALYSES OF IGNEOUS INTRUSIONS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Oxides recalculated to 100:
SiO, 51.77 69.29 59.78 67.00 49.12 4935 51.77 51.84 5390 54.65 54.79 5552 56.11 60.69 70.17 75.57
TiO, 2.76 0.42 0.76 0.67 1.51 1.31 1.42 1.46 1.51 1.88 1.35 1.59 1.35 1.14 0.36 0.26
AlLO; 17.32 15.88 18.31 1620 16.66 16.34 16.68 17.56 17.25 17.57 17.60 17.05 17.63 1839 16.35 13.91
Fe,0; 2.08 2.03 3.20 2.18 2.49 2.35 1.54 2.81 5.31 4.11 3.48 2.35 2.94 2.62 1.41 0.85
FeO 7.14 3.54 2.93 1.58 6.12 7.42 7.60 4.79 2.42 3.75 4.29 4.00 3.46 2.51 0.87 0.43
MnO 0.13 0.67 0.19 0.04 0.20 0.17 0.19 0.14 0.11 0.14 0.14 0.09 0.06 0.06 0.10 0.05
MgO 5.52 1.08 1.44 1.30 6.85 11.93 7.89 5.78 3.85 3.98 4.64 3.53 2.73 1.99 0.72 0.33
CaO 6.96 2.23 6.30 3.30  13.55 6.83 8.11 9.88 7.717 6.25 6.35 8.01 6.51 4.62  0.86 1.85
Na,O 4.28 0.03 3.73 4.32 3.00 3.62 4.41 4.82 5.08 4.25 3.86 4.93 5.60 4.61 5.60 0.62
K,0 2.04 4.83 3.36 3.69 0.50 0.68 0.39 0.92 2.80 3.42 3.50 2.93 3.61 3.37 3.56 6.13
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Oxides as determined:
H,O0+ 3.01 2.18 2.28 1.69 2.65 4.27 3.02 4.84 1.10 1.90 1.31 0.83 2.51 1.28 1.07 1.94
H,O0- 0.17 0.14 0.11 0.2t 0.90 2.02 0.72 0.51 0.89 0.18 0.37 0.25 0.50 0.23 0.16 Q.15
CO, 3.32 3.98 0.11 0.08 0.69 0.41 5.50 0.60 1.15 0.07 0.01 0.25 0.82 — 1.07 1.61
P,0s 0.69 0.22 0.22 0.28 0.28 0.09 0.15 0.18 0.59 0.91 0.71 1.00 2.64 0.60 0.15 0.05
S 0.04 1.09 0.02 - 0.04 0.05 0.24 0.01 0.62 0.40 0.02 0.15 0.09 0.10 0.07 0.53
Molecular norms:
Qz — 41.2 10.0 17.9 — — — - — 0.1 — - - 8.0 19.4 42.1
Or 12.0 29.9 20.0 21.7 2.9 3.9 23 5.4 16.4 20.1 20.6 17.1 21.0 19.8 20.8 37.3
Ne - - - - - — - 0.7 1.3 — — — 3.1 — — —
Ab 38.3 0.3 33.6 38.7 26.9 31.7 39.0 41.5 43.1 38.0 34.5 43.8 44 .4 41.2 49.8 5.7
An 21.9 11.6 23.5 13.9 30.5 25.7 24.2 23.2 15.9 18.7 20.3 15.6 12.1 19.4 4.2 9.5
Wo 5.0 - 3.2 1.0 14.6 2.9 6.2 10.0 8.9 4.9 4.4 9.5 7.9 1.3 - 0
En 34 3.1 4.0 3.6 6.0 5.0 6.5 — - 11.0 11.7 1.4 — 5.5 2.0 0.9
Fs 1.3 3.6 1.2 - 1.8 1.2 2.6 — - 0.3 2.1 0.3 — 0.5 — —
Fo 8.8 - - - 9.7 20.4 11.2 11.8 7.9 — 0.8 6.2 5.6 — — -
Fa 3.3 — — — 2.9 5.0 4.5 2.5 — - 0.1 1.5 1.0 — - —
I 3.8 0.6 1.1 0.9 2.1 1.8 1.9 2.0 2.1 2.6 1.9 2.2 1.9 1.6 0.5 0.4
Mt 2.2 2.2 3.4 23 2.6 2.4 1.6 2.9 2.4 43 3.6 2.4 3.0 2.7 1.3 0.5
He — — — — — — — — 2.0 — — — — 0.1 0.3
Cor — 7.5 — — — - — — - - - — - — 1.9 33
Key to analyses:
1. Bob Creek gabbro (Church, 1986, No. 4 on page 121). 9. Parrott Lake syenomonzonite stock (Church, 1971a, No. 3 on page
2. Quartz feldspar porphyry in canyon of Bob Creek (Church, 1986, 124).
No. 3 on page 121). 10. Goosly syenomonzonite stock (Church, 1970b, No. 2 on page 148).
3. Mine Hill microdiorite (Church, 1971a, No. 9 on page 124). 11. Goosly syenomonzonite stock (Church, 1985, No. 8 on page 182).
4. Equity granite (Church, 1970b, No. 1 on page 148). 12. Bladed felspar porphyry dike, Silver Queen mine (Church, 1973b,
5. Gillian intrusion, gabbroic phase (Church, 1971a, No. 1 on page No. 2 on page 402).
124). 13. Bladed felspar porphyry dike, Silver Queen mine (Church, 1971b,
6. Gillian melanocratic gabbro, near base of sill, core sample No. 1 on page 138).
(Church, 1985, No. 2, page 182). 14. Tablet feldspar porphyry dike, Grouse Mountain (Church, 1973b,
7. Gillian gabbroic chilled selvage of sill, core sample (Church, 1985, No. 3 on page 402).
No. 3 on page 182). 15. Post-mineralization "latite" dike, east wall at Southern Tail zone,
8. Gillian mesacratic gabbro, upper part of sill, core sample (Church, Equity mine. '
1985, No. 5 on page 182). 16. Rhyolite dike cutting main ore zone, Equity mine.

that form a few thick flows having a total thickness ranging
from 60 to 90 metres. The only occurrences of this unit
within the map area are on the Poplar Buttes centred 9
kilometres northwest of the mouth of the Nadina River, near
the west end of Francois Lake.

Microscopic examination of typical Poplar Buttes basalt
shows 3 per cent subhedral olivine phenocrysts, usually less
than 2 millimetres in diameter, set in a very fine grained
matrix composed of about equal parts of plagioclase micro-
lites and granular ferromagnesian minerals. Normative cal-
culations based on chemical analyses show 14.2 per cent
nepheline, however, neither nepheline nor feldspathoids have
been found and only a few zeolite-lined gas cavities can be
seen in thin section (Table 2.2, No. 18).

13

IGNEOUS INTRUSIONS

Igneous intrusions in the Buck Creek map area comprise
an assemblage of granitic to gabbroic stocks that range from
early Mesozoic to early Tertiary age. These are grouped from
oldest to youngest according to the scheme: Topley intrusions
(Jurassic), Bulkley intrusions (Late Cretaceous), Nanika
intrusions and Goosly intrusions (early Tertiary).

ToPLEY INTRUSIONS

The Topley intrusions (Unit A) were first recognized in the
Topley area by Hanson and Phemister (1929). They were later
correlated with similar granitoids to the east and southeast, in
the Fort St. James map area, by Armstrong (1965). Subse-
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TABLE 2.4 ,ADIOMETRIC K/Ar DATES FOR THE BUCK CREEK AREA

A
Apparent
Formation Location K Ardo Ardo* Age
No. Map Unit Lat. Long. Material Wt. % X 10-5cc/lg % Ma Analyst Submitter/Publication
1 Poplar Buttes 11 54°03.1' 126°34.8' whole rock 1.48 +0.01 1.239 56 21.4%1.1 Harakal (U.B.C.)** Church/(GEM)t, 1972, page 359
basalt
2 Buck Creek 8  54°10.6" 126°30" whole rock 1.75 *0.01 3.320 80 48.2+1.6 Harakal (U.B.C.)** Church/(GEM)¥, 1972, page 359
andesite
3 Altered host, Main 3% 54°11.5" 126°16' whole rock  3.75 7.132 91.4 48.3+1.7 Harakal (U.B.C.y** Wethereil/unpublished thesis,
ore zone 1979
4 Goosly F 54°11.5" 126°15.2' plagioclase 2.45 *0.01 — 79.9 48.7x1.8 Placer Dev. Ltd.  Cyr er al./Economic Geology,
syenomonzonite 1984, page 956
5 Goosly Lake 7 54°10.4° 126°18.1' wholerock 2.58 +0.03 4.966 94 48.8+ 1.8 Harakal (U.B.C.)** Church(GEM)t, 1972, page 359
volcanics
6  Goosly F 54°11.4' 126°15.4' biotite 7.53 +0.02 14.73 69.1 49.7+3.0 Harakal (U.B.C.)** Church/(GEM)t, 1972, page 359
syenomonzonite
7  Parrott Lake 7 54°07.3" 126°36' biotite 6.65 +0.01 13.19 89.1 50.3*1.5 Harakal (U.B.C.)** Church/(GEM)t, 1972, page 359
syenomonzonite
8  Altered host, Yo 54°11.3" 126°16 whole rock  4.33 =0.01 — 97.1 51.7*x1.9  Placer Dev. Lid.  Cyr et al./Economic Geology,
Southern Tail 1984, page 956
ore zone
9  Goosly gabbro- F 5412 126°15" biotite conc. 3.087 +0.045 6.610 47 54.3x£2.2 Geochron Church-Ney/Geological Fieldwork
monzonite Paper, 1981-1, page 30
10 Altered host, Main %  54°11.5" 126°15.9’ sericite 5.240 +0.068 11.65 62.4 563x1.9 Geochron Church-Ney/Geological Fieldwork
ore zone Paper, 1981-1, page 30
11 Granitic stock E 54°10.5" 126°15 biotite 7.76 — —  57.0%24 G.S.C.*** Wanless et al./unpublished
12 Granitic stock E 54°11 ' 126°16.8' biotite 7.09 *£0.04 16.01 77.1 57.2+2.3 Harakal (U.B.C.)** Church/(GEM)t, 1972, page 359
13 Altered host, o 54°117 126°16’ whole rock 4.79 x3.5 10.942 93.4 58.1*+2.0 Harakal (U.B.C.)** Wetherell/unpublished thesis,
Southern Tail ’ 1979
ore zone
14 Granitic stock E 54°11.1" 126°16.8" biotite 3.95 +0.15 — 91.5 60.0x3.2 Placer Dev. Lid.  Cyr et al./Economic Geology,
1984, page 956
15 Granitic stock E 54°11.2" 126°16.8’ biotite 6.552+0.07 16.24 67 62.7+2.0 Geochron Church-Ney/Geological Fieldwork
Paper, 1981-1, page 30
16 Mine Hill D 54°05.2" 126°42.4" whole rock 2.99 +0.02 8.962 92 75.5*2.0 Harakal (U.B.C.)** Church/(GEM)t, 1972, page 359
microdiorite
17 Tip Top Hill 5 54°10.2" 126°21.4° whole rock 2.16 *0.02 6.611 94 77.1+2.7 Harakal (U.B.C.)** Church/(GEM)*, 1972, page 359
andesite
18  Duck Lake granite C  54°01.5" 126°48.1’ biotite 7.32 +£0.03 22.44 94.9 77.2+2.4 Harakal (U.B.C.)** Church/Geological Fieldwork
Paper, 1986-1 page 123
19  BobCreek quartz C  54°18.1" 126°37.2" muscovite 8.42 *=0.02 26.099 93.9 78.1+2.8 Harakal (U.B.C.)** Church/Geological Fieldwork
porphyry Paper, 1986-1, page 123
20 Bob Creek C  54°18.5" 126°37' biotite 6.79 *9.02 21.739 95.0 80.6+2.8 Harakal (U.B.C.)** Church/Geological Fieldwork

porphyry dike

Paper, 1986-1, page 123

*Radiogenic argon
**The University of British Columbia
***Geological Survey of Canada
fGeology, Exploration and Mining in British Columbia

Constants for age calculations are those of Steiger and Jager 1977; A+ N, =0.581 X 10-10 yr-1; K40/K = 1.167 X 10-4

quent studies by White er al. (1970) and Carter (1981)
showed ages, based on numerous K-Ar analyses, ranging
from 178 to 133 Ma, indicating multiple intrusive phases of
granite, syenite, granodiorite and diorite composition.

In the type area at Topley, and in the east part of the Buck
Creek map area near Burns Lake, the unit is massive, pink
granite underlying a total area of about 50 square kilometres.
Although contacts are not exposed, it is assumed that the
Topley bodies intrude the surrounding Hazelton assemblage.
The granite is medium to coarse grained with both porphyri-
tic and equigranular phases. The composition is similar to
that reported by Armstrong (1965, page 93): quartz, 20.8 to
40.3 per cent; potassium feldspar, 32.6 to 56.2 per cent;
plagioclase, 4.6 to 30.1 per cent; plus accessories biotite,
hornblende, chlorite and magnetite.

BULKLEY INTRUSIONS

The Bulkley intrusions comprise a variety of small stocks
and effusives that are thought to be Late Cretaceous age
(Kindle, 1954; Carter, 1981). These include dioritic and
gabbroic bodies in the Tsichgass Lake and Bob Creek areas

14

(Unit B), the Duck Lake felsic porphyry bodies (Unit C), and
the Mine Hill microdiorite at Owen Lake (Unit D).

The Bob Creek gabbro crops out on the crest of two low
hills south of the lower section of Bob Creek. This is an
altered, medium to fine-grained stock intruding the Jurassic
and, apparently, part of the Upper Cretaceous volcanic
section. Normative mineral calculations indicate a quartz
deficiency typical of many gabbros (Table 2.3, No. 1). The
intrusion is believed to represent an end-phase in the Bulkley
felsic/basic eruptive suite.

The Duck Lake bodies are well exposed at many localities
near the western edge of the map area. They are biotite
feldspar porphyry and quartz biotite feldspar porphyry stocks
and dikes which appear to be feeders to the Okusyelda Hill
rhyolite and related volcanics. Potassium-argon determina-
tions on biotite from the Duck Lake stock and petrographi-
cally similar effusive rocks at Bob Creek yield dates of
78.12.8 and 80.6 = 2.8 Ma respectively (Table 2.4, Nos. 19
and 20).

The Mine Hill microdiorite (Unit D) is a fine to medium-
grained sill-like body exposed in the workings of the Silver




Queen mine 2 kilometres east of Owen Lake. Typically the
rock is charged with small plagioclase crystals 1 to 3 milli-
metres long and contains interstitial pyroxene, biotite and
minor quartz in some samples. The intrusion is believed to be
a feeder to the Tip Top Hill volcanics which are
petrographically and chemically similar (Table 2.3, No. 3).
Potassium-argon analysis of these rocks gives an age of
75.5+2.0 Ma, essentially the same as the Tip Top Hill
volcanics which are dated 77.1 +2.7 Ma.

NANIKA INTRUSIONS

The Nanika intrusions (Unit E) are the oldest Tertiary
plutonic rocks in the region. Many are copper and
molybdenum-bearing porphyries, (Carter, 1981), however,
some, such as the Nadina Mountain granite, show little
evidence of mineralization.

Only two Nanika-type intrusions are known in the Buck
Creek map area. These are small, weakly mineralized stocks
located 7 kilometres southeast of Houston near Dungate
Creek and adjacent to the waste dump at the Equity mine.

The Equity stock is a microporphyritic granite consisting
of rectangular and polygonal crystals of plagioclase, averag-
ing 2 to 4 millimetres in diameter, crowded together and set in
a fine-grained matrix of mainly quartz and potassium feld-
spar. A sample submitted for chemical analysis (Table 2.3,
No. 4) shows the following mineralogy: plagioclase phe-
nocrysts, 50 per cent; quartz, 2 per cent; biotite, 2 per cent;
potassium feldspar, 1 per cent; in a matrix of quartz, 23 per
cent; potassium feldspar, 18 per cent; biotite, 2 per cent; and
magnetite, 2 per cent. Potassium-argon analysis of biotite
from a sample collected near the centre of the intrusion
yielded ages in the range 57.0 +=2.4 to 62.7 +2.0 Ma (Table
2.3, Nos. 11, 12, 14 and 15).

GoosLY INTRUSIONS

The Goosly intrusions (Unit F) consist essentially of three
stocks ranging in composition from syenomonzonite to gab-
bro, and aligned along a 250° trend outward from the central
part of the map area. These bodies occur at roughly 13-
kilometre intervals beginning at the Equity mine, then on the
Gillian property about 4 kilometres southwest of Goosly
Lake, and again west of upper Parrott Lake. In addition, a
number of dikes of the same rock type occur on the same
alignment at the Silver Queen mine, 9 kilometres southwest
of the Parrott Lake stock.

Petrographically the Goosly intrusions consist of 65 to 80
per cent plagioclase (commonly as large bladed phe-
nocrysts), 5 to 20 per cent augite (small, rounded grains or
long, prismatic phenocrysts), and accessory biotite, magne-
tite and apatite. The leucocratic felsic phases contain abun-
dant interstitial potassium feldspar and some quartz. The
dark, basic phases show some enrichment in pyroxene and
opaque minerals. The basic phases also contain calcite and
chlorite pseudomorphic after olivine and accessory feld-
spathoids in some samples.

The Goosly intrusions are thought to be an important
source of the Goosly Lake volcanic rocks, the line of eruption
being roughly coincident with the areas of thick Goosly Lake
lavas. Further evidence of a magmatic relationship for the

plutonic and volcanic assemblages is supplied from miner-
alogical and chemical comparisons of these rocks (Table 2.3,
Nos. 5 to 13). Also, the K-Ar ages of the plutonic and
volcanic rocks are similar at 48.7 and 54.3 Ma respectively
(Table 2.4, Nos. 4, 6 and 9).

Among the *‘lesser igneous intrusions” in the Buck Creek
map area, a porphyritic variety of pulaskite is conspicuous
near the main ore zone on Grouse Mountain. This is a large
dike that intrudes the ““Ruby ore zone’’ and cuts across an
adjacent and slightly older Goosly-type bladed-feldspar por-
phyry body (Plate 2.6). This younger intrusion is typically
charged with numerous randomly oriented equant-
plagioclase phenocrysts measuring 3 to 8 millimetres in
diameter. The large crystals are oscillatory zoned Angsq
and set in a matrix composed mostly of smaller crystals of
alkali feldspar, some plagioclase and accessory pyroxene,
chloritized biotite, quartz, magnetite, and a few grains of
apatite and sphene. The rock is probably related to the
chemically similar trachytic phases of the Goosly Lal
volcanic rocks (Table 2.3, No. 14).

Felsic dikes cutting the ore zone and adjacent sye-
nomonzonite stock at the Equity mine range in age from 48.3
to 49.9 Ma (Cyr et al., 1984). These small intrusions are
variously described as having a rhyolite to “latite” composi-
tion range (Table 2.3, Nos. 15 and 16) and are comparable in
age and chemistry to the Fenton Creek volcanic rocks.

Plate 2.6. Bladed-feldspar porphyry dike (Goosly
intrusion), Grouse Mountain.



CHAPTER 3

STRUCTURAL GEOLOGY

The history of deformation is most completely recorded in
the oldest rocks. In the Driftwood region, northwest of the
Buck Creek map area, the Hazelton beds form a series of
shallow-plunging anticlines and synclines. According to
Hanson (1924, page 28A): “The sedimentary rocks as a
whole have been severely folded and sheared as compared to
the overlying volcanic division. During the folding of the
assemblages, the volcanic rocks acted in the main as hard,
unyielding masses, and the compression was taken up by the
intervening sediments’’. Shear zones cut across the folds
striking east and southeast.

Folding of the Hazelton rocks in the Buck Creek area may
be similar to the Driftwood area but the details are unknown.
Penetrative deformation, possibly related to folding, is man-
ifest by the stretched pyroclastic fragments which commonly
distinguish these rocks from younger assemblages. Consis-
tent foliation has not developed because of the original
massive nature of these rocks.

Owing to the predominance of lavas and pyroclastic rocks
in the Buck Creek Tertiary outlier, bedding attitudes,
especially in sequences of layered volcanic breccia, are often
unreliable indicators of structural deformation. Initial angles
of repose of this material may be as much as 35°. Conse-
quently, knowledge of the structural history, including events
such as faulting, tilting and folding of the strata, is fragmen-
tary. Some minor horst and graben development is seen at the
margins of the outlier, as in the Burns Lake area, but this
shows only local development of clastic wedges adjacent to
faults, with no significant fanglomerate deposits or slide
breccias.

It is inferred from the few valid measurements of waterlain
sedimentary rocks and consideration of the general distribu-
tion of the lithological units, that the Tertiary and Late
Cretaceous beds are normally gently dipping as a result of
gentle downwarping in a broad volcano-tectonic basin. In
contrast, the older rocks are more variable in attitude. The
chert-pebble conglomerate found in the Equity mine area and
on the north shore of Francois Lake certainly displays steep
bedding dips, in a few places almost vertical. The interval
between deposition of this conglomerate, possibly Lower
Cretaceous, and the emplacement of the Upper Cretaceous
volcanic rocks was undoubtedly marked by some importar
tectonic events.

The more recent history appears to have been one of gentle
tilting of fault blocks almost in a random fashion. Here and
there Mesozoic rocks are exposed at the base of these blocks,
forming a number of small windows in the Upper Cretaceous
and Tertiary pile.

The results of a detailed study of the orientations of
topographic lineaments in the surrounding region are com-
patible with the fracture patterns in the Goosly Lake area
(Figures 3.1 and 5.5). For example, two strong sets of
fractures characterized by the attitudes 050° to 090° vertical
and 130° to 170° dipping 70° southwest, are coincident in
strike with the principal lineament frequency modes. These
directions appear to be subparallel to important faults which
define the boundaries of a number of large tilted blocks
(Figure 1).

The attitude and frequency of fractures in the Owen Lake
area are also shown in Figure 3.1. The strongest joints strike
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e Pole to slickenside

about 130° and dip 68° northeast. Other strong fractures
strike northerly and dip steeply to the east. Weak fractures
include cross-joints which strike east and dip steeply, and
sheeting which strikes about 050° and dips 25° northwest.

A detailed study of slickensides in the vicinity of Mine Hill
reveals the attitude and possible direction of movement on
faults and shear planes. An equal-area plot of slickenside
directions shows two major clusters; a strong polarization
trending 123° and plunging 12° southeast, and a weaker
polarization at 190° plunging 30° south (Figure 3.2). The
former direction is close to the common fracture direction for
the area shown on Figure 3.1. The angular distance between
these slickenside poles is 60°. This suggests that the max-
imum stress axis responsible for these fractures was oriented
at approximately 150°. This geometry indicates that the
steeply dipping, northerly striking fractures in the Mine Hill
area probably have sinistral strike-slip displacement,
whereas movement on steep southeasterly striking fractures
is dextral; tension fractures are contained between these
shears.

On Grouse Mountain, a short distance beyond the north-
west corner of the map area (see Figure 5.21), several fracture
systems have been identified. An equal-area plot of the field
data shows that many poles to the joint sets and cleavages lie
near the plane of a great circle (Clusters 1 to 5 on Figure 3.3)
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* Figure 3.3. Equal-area plot showing bedding attitudes and
fracture frequencies on Grouse Mountain.

suggesting development in a common stress field. The
related fractures have a wide range of strike directions. The
easterly striking fractures commonly dip most steeply,
approaching vertical inclinations; the northerly striking
fractures have minimum inclinations, dipping westerly,
mostly in the range 40° to 50°. A set of steep southeasterly
dipping fractures (Cluster 6) is the main exception, lying well
off the great circle.

Movement on these fractures is generally slight. Some
fissures have simply opened with little or no slip displace-
ment, to accommodate dikes and veins. The favoured direc-
tion of dike intrusion is coincident with the northerly striking
joint set (Figure 3.3, Cluster 3). Barren quartz veins com-
monly fill northerly striking fractures (Cluster 6) whereas the
sulphide-bearing fissures often strike northeasterly (Cluster
4).

Several important faults have been identified. For exam-
ple, major northerly trending faults, marked by pronounced
topographic lineaments, pass just west of the summit separat-
ing the eastern part of Grouse Mountain from the main mass.
A wedge of volcanic conglomerate, part of Unit 2, located
about 1 kilometre southeast of Coppermine Lake, lies
between these faults and has been rotated against the adjacent
blocks.




CHAPTER 4

LITHOGEOCHEMISTRY

This chapter provides information on sampling, analytical
methods, general statistics and a discussion of the distribu-
tion of the elements with examples based on the
lithogeochemical data in Appendix A, Table A.1. A detailed
evaluation of the data is also provided for the area of miner-
alized lithologies between Goosly Lake and Owen Lake
where sampling of rock outcrops was most detailed. The
graphs and plots in this chapter are derived using in-house
computer software: ‘“MSCSTATI” for general statistics,
providing histograms and cumulative frequency curves; and,
“*MSCROQMOD"’ and “MSCQCLUS"’ for factor and clus-
ter analyses.

SAMPLE COLLECTION

A large collection of rock samples, totalling 1791 hand
specimens, resulted from the geological survey of the Buck
Creek map area. -They provided petrographic information
which assisted in assembling the regional geological map.

In 1972, on the initiative of J.J. Barakso (Chief Chemist)
and G.C. Waterman (Chief Geologist) of Anaconda Ameri-
can Brass Ltd., samples from the Goosly Lake~Owen Lake
sector of the map area were submitted for chemical analyses
(Figure 4.1). The program utilized 691 samples comprising
the NAD, OL, SG and TS suites listed in Appendix A, Table
A.1. These samples provided the ministry with an inventory
of lithogeochemical data and Anaconda with valuable infor-
mation to assist further mineral exploration.

In 1973 a similar program was undertaken with J.W.
Murton of City Service Minerals Corporation, covering the
eastern and northern parts of the map area. This utilized 740
samples comprising the DKR and OPG suites.

In 1979 an additional investigation, in cooperation with
J.M. Kowalchuk (geologist) and P.M.D. Bradshaw (geoche-
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Figure 4.1. Distribution of lithogeochemical sampling
stations in the Buck Creek area.
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mist) of Placer Development Limited, resulted in an addi-
tional 360 samples, comprising the G suite, being added to
the suite of samples evaluated in this report.

METHODS

Sample preparation followed routine procedures. In each
case a hand specimen, containing no less than one textural
unit (smallest repeating mineral array) of rock, was pul-
verized by ceramic milling to less than original grain size.
This generally produced several hundred grams of —120 mesk
powder.

Analyses were performed using mainly atomic absorption
instrumentation. Determinations were made for 21 elements,
listed alphabetically in Appendix A, Table A.1, and required
more than 30 000 individual tests.

Determination of silver, arsenic, cadmium, cobalt, copper,
fluorine, iron, manganese, molybdenum, nickel, lead and
zinc required pretreatment of samples using a mixture of
nitric and perchloric acid. This achieved 92 to 98 per cent
extraction of the total contained metals; residuals remained
with light-coloured clays, a small amount of dark opaques
and undissolved original minerals.

Sample preparation for barium, strontium, fluorine and tin
was more complicated and required fusions and, in some
cases, elimination of interfering elements; barium and stron-
tium were analysed by spectrophotometric methods and
fluorine by specific ion electrodes. For tin, ammonium
iodide digestion was followed by spectrophotometric finish-
ing procedures.

All results are quantitative, having an overall
reproducibility of 10 per cent or better relative deviation (C),
where C =100 s/x; ‘s’ being the standard deviation and **x™
the average value.

Some general statistics of the elements, based on the data
in Table A.l, are listed in Table 4.1. The deviation or
““central tendency’’ of results is expressed in terms of arange,
containing, on average, two-thirds of the recorded values for
each element. Some trace elements such as copper and
manganese comprise several widely separated sample popu-
lations. For several elements, such as arsenic, gold and tin,
analytical detection limits coincide with the lower limits in
the dispersion range precluding detailed statistical analysis.
In these cases anomalously low values have been assigned
zero in Table A.l (zero values aligned in rows in the table
denote non-availability of samples).

The distribution of sample stations is shown in Figure 4.1.
The uneven pattern and large gaps in sampling are partly due
to local inaccessibility of bedrock because of gravel and till
cover. This has caused difficulties in plotting and contouring
metal concentrations across the map area.



TABLE 4.1
STATISTICS OF THE ANALYSED ELEMENTS

(ppm except as noted)

Element Analyses Deviation Range Detection Limits

Ag 1675 0.2- 1.5 0.1- 255
As 1776 1 - 7 1 - 1925
Au 786 5 - 10 ppb 5 - 5600 ppb
Ba 1498 1000 - 2600 32 -40 800
Ca 1498 2200 -16 000 100 -80 000
Cd 1776 0.3- 1.2 0.1- 255
Co 1675 6 - 23 1 - 96
Cu 1776 5 - 35 1 -64 500
F 1600 170 - 900 8 - 2700
Fe 952 15000 -40 000 1000 -50 000
Hg 1249 8 - 40 ppb 5 - 2000 ppb
K 1498 650 - 3000 110 -18 000
Mg 801 1000 - 1300 200 -41 000
Mn 1675 220 - 1050 20 -12500
Mo 1776 1 - 4 1 - 275
Na 1498 400 - 1100 60 -16200
Ni 1675 5 - 50 I - 300
Pb 1776 7 - 25 2 - 3900
Sn 884 2 - 5.5 2 - 18
Sr 1506 200 - 1080 18 - 9000
Zn 1776 35 - 120 4 - 2300
DATA

Figure 2 (in pocket) shows the dispersion of anomalous
arsenic and silver values across the map area. These are
excellent pathfinder elements for locating zones of alteration
and ore typical of the Buck Creek area; clusters of anomalous
arsenic and silver values, greater than 5 and 2 ppm respec-
tively, coincide with known mineral deposits and prospects.

The following is a general discussion of the elements.

Arsenic: Anomalous levels of arsenic are found in a
variety of rock types across the map area (Figure 2). Clusters
of high values occur in the Hazelton rocks in the Gerow Creek
area, in the vicinity of the Apex prospect near Aitken Creek,
and along the valley of Buck Creek between Bob Creek and
the Irk prospect. The greatest concentration of anomalous
samples occurs in the Upper Cretaceous andesites and
rhyolites of the Francois Lake group and the Tertiary and pre-
Tertiary formations around the Equity mine. Statistical anal-
ysis of arsenic is based on the methods of Rose ef al. (1979,
page 39) using the data generated by Anaconda. The mode
for arsenic is estimated to lie between 2.2 and 2.4 ppm, and
the minimum threshold (mean plus two standard deviations),
from logarithmically transformed values, varies from 5 ppm
for country rocks to 21 and 149 ppm for host rocks in the
vicinity of the Silver Queen and Equity mines respectively.
For small blocks of data such as the samples collected near
the Equity mine, there is a straight line log-normal distribu-
tion for this element (Figure 4.2).

Barium: A range of barium values, from a few thousand to
several thousand parts per million, is characteristic of the
Goosly Lake volcanic rocks. In this association barium
correlates with potassium. Higher levels of barium may
correlate with strontium in some gold-bearing veins (such as
sample NAD-1). Barium occurs as barite in the sphalerite-
rich veins of the Silver Queen mine (Plate 5.11). Neither
barite nor barium are notable in the ore zones of the Equity
mine.

Cadmium: This is a good pathfinder element for sulphide
mineralization in the Buck Creek area. Anomalous values, in
excess of a few parts per million, are found in the Gerow
Creek area and at the Silver Queen and Equity mines. At the
Silver Queen mine cadmium correlates with silver and zinc in
vein samples. At the Equity mine cadmium is generally
associated with silver, arsenic, copper and zinc, and locally
with arsenic and gold.

Calcium: This is one of the major elements in basic
igneous rocks and as such is associated with magnesium and
iron. In the veins of the area these elements also occur
together in calcite, siderite and ankerite as gangue constitu-
ents. Calcium is also manifestly abundant in the carbonates
of the propylitic alteration zone at the Silver Queen mine.

Cobalt: The distribution of cobalt is similar to nickel.
Both elements show relative abundance in basaltic lavas and
gabbroic intrusions. For specific igneous rock suites, such as
the Tertiary effusives, which include the Swans Lake basaltic
member of the Buck Creek formation and the gabbroic
phases of the Goosly intrusions, the distribution of cobalt is
approximately log-normal. The estimated mode and thresh-
old are 14 and 35 ppm respectively. For the Upper Cretaceous
volcanics of the Francois Lake group, cobalt is generally less
abundant, showing a mode of 8 ppm and threshold of 33
ppm.

Copper: This is the most variable of all the elements
analysed. The several modes that characterize the distribu-
tion of copper range from 7 to 22 ppm; threshold values
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commonly fall between 50 and 60 ppm. Anomalous copper
levels result from a variety of sulphide mineral occurrences.
For example, copper in the Hazelton volcanic rocks is often
manifest as disseminations and veinlets of chalcocite, bor-
nite, chalcopyrite and pyrite. Copper in association with
molybdenum occurs as disseminated chalcopyrite accom-
panied by pyrite and molybdenite in granite porphyries as at
the Dungate Creek prospect. Copper correlating with silver,
zinc and lead is found in the chalcopyrite, pyrite, tennantite,
sphalerite and galena-bearing quartz veins of the Silver
Queen mine. Copper with silver, arsenic and antimony
occurs as disseminations, veinlets and lenses of chalcopyrite,
pyrite and tetrahedrite at the Equity mine.

Fluorine: This element is ubiquitous in the rocks of the
map area and rarely falls below 100 ppm. The Goosly
intrusions and Goosly Lake volcanic rocks are slightly
enriched in apatite and correspondingly enriched in phos-
phorous and fluorine. Anomalous fluorine, in excess of
several thousands of parts per million, usually indicates the
presence of fluorite. An abundance of fluorite exposed on the
Mud Lake (Deer) prospect east of Houston is associated with
quartz-carbonate veining and sulphide mineralization in
Hazelton volcanic rocks. At the Equity mine fluorine is
depleted over the ore zone. A weak discontinuous halo rising
above 1000 ppm fluorine can be interpreted as surrounding
the deposit.

Gold: Relatively few samples have been analysed for
gold. These are mainly from the area between Owen Lake
and Goosly Lake. Background levels are normally less than
15 ppb; many samples containing as much as 30 ppb show no
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Figure 4.3. Cumulative frequency plot for lead on a normal
probability graph; samples from Tertiary country rocks in the
Goosly Lake area.
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visible indications of mineralization. At the Silver Queen
mine it iS not unusual that vein samples with chalcopyrite,
sphalerite and galena return gold analyses in the order of a
few thousand parts per billion; pyritized samples of altered
country rock adjacent the veins may contain gold ranging up
to several hundred parts per billion. At the Equity mine, gold
ranges from a few hundred to a few thousand parts per billion
in the altered country rocks and ore zone. The gold is usually
associated with fine-grained sulphides in small cracks within
the dacitic host rocks.

Iron: This element, occurring as a major component in
magnetite, hornblende and pyroxene, tends to be enriched,
together with magnesium and nickel, in basic igneous rocks
such as gabbros and basalts. In the mineral deposits, iron is
mostly in pyrite and displays some coherence with sphalerite
(zinc) and silver in this setting. At the Equity mine spec- -
ularite and magnetite are present in the ore zone. Hematite is
commonly found in fractures throughout the orebody
whereas magnetite is concentrated in lenses and pockets nea
the contact with the Goosly syenomonzonite stock.

Lead: The source of lead in country rocks is uncertain
although it probably occurs mostly in galena and lead-
bearing feldspar. The distribution of lead is approximately
log-normal (Figure 4.3) with an overall mode at about 12
ppm; this is slightly higher and skewed in mineralized suites
(Figure 4.4). Where galena is abundant there is good to fair
correlation between lead, zinc and silver.

Magnesium: Magnesium in the country rocks ranges
from a few hundred to several thousand parts per million. The
good correlation of magnesium with iron, calcium and nickel
in the basic igneous rocks is not surprising because of the
similar ionic properties of these elements. Similarly, magne-
sium follows calcium and sodium in the carbonates associ-
ated with the hydrothermally altered rocks adjacent to the ore
zones.
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Manganese: This is the most abundant of the trace ele-
ments analysed. The background level of manganese aver-
ages several hundred parts per million and ranges to a few
thousand parts per million in many of the mineralized areas.
Manganese occurs in abundance in the rhodochrosite-
bearing veins and oxidized vein cappings at the Silver Queen
mine. There is a correlation between high manganese values
and zinc and a weaker relationship with lead, cadmium,
arsenic and silver.

Mercury: The distribution of mercury in the map area is
somewhat erratic — different subareas have different back-
ground levels. This trace element is not consistently associ-
ated with any particular type of rock, alteration or mineraliza-
tion. The most common level of mercury is 10 ppb although
background in the Silver Queen mine area is several times
ihis value. In the vicinity of Aitken Creek, some samples
have coincident anomalous levels of mercury, arsenic, cad-
mium and copper; elsewhere anomalous mercury coincides
locally with high arsenic, lead and zinc values. The mercury-
arsenic correlation is the strongest.

Molybdenum: For the most part, the background level of
molybdenum is relatively constant at a few parts per million.
The several high readings reveal some weak correlations such
as molybdenum with arsenic, zinc and copper. The granite
porphyry intrusions at Dungate Creek and west of the Equity
mine are the source of these metals.

Nickel: The association of nickel with basic igneous rocks
is well known. Cobalt and, to some extent, copper share this
characteristic. For the Tertiary volcanics and intrusions,
which are mostly intermediate and basic in composition, the
estimated mode and threshold values for nickel are 18 and
112 ppm respectively. In comparison, the Upper Cretaceous
felsic volcanic and associated intrusions have lower nickel
values, with a mode at 5 ppm and threshold of 29 ppm. Atthe
Equity mine the distribution of nickel is log-normal (Figure
4.5). In the ore zone, nickel values rise to 300 ppm and
coincide with relatively high values of cobalt, copper, arse-
nic, silver and gold.

Potassium: Among the diverse rocks of the area,
potassium is most abundant in rhyolite and granite where it
occurs principally in biotite and alkali feldspar. In the altered
rocks which host the silver-copper-arsenic ores at the Equity
mine, potassium is present in the form of fine-grained
sericite; potassium feldspar is an important constituent in the
adjacent Goosly syenomonzonite stock where it comprises
up to 25 per cent of the rock. A few granite porphyry bodies
in the area contain veinlets rich in potassium feldspar and a
small amount of pyrite, copper minerals and molybdenite.

Silver: The background for silver is less than 1.5 ppm.
Anomalous values in the vicinity of the mines and explora-
tion prospects are greater than 2 ppm and range to more than
250 ppm (Figure 2). The association of anomalous levels of
silver with lead, zinc and cadmium is typical of the sphalerite
and galena-bearing veins of the Silver Queen mine and many
less-developed properties. Similarly, correlation of silver
with arsenic, antimony and copper is characteristic of the
chalcopyrite-tetrahedrite-rich ores of the Equity mine.

Sodium: The distribution of sodium is similar to the other
major elements and usually ranges in abundance from a few
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Figure 4.5. Cumulative frequency plot for nickel on a
normal probability graph; samples from the Equity mine
area.

hundred parts per million to several per cent. Unlike the other
elements analysed, however, there is no evident correlation
between sodium and the ore minerals. The common associa-
tion of sodium is with calcium and, to a lesser extent,
strontium in plagioclase in igneous rocks. The late-forming
fractions of plagioclase tend to be enriched in sodium and
strontium. In alkali feldspar, some sodium is associated with
the early-forming feldspar fractions together with strontium
and barium. The late-forming adularia feldspar of the vein
systems would not be expected to carry much sodium,
strontium or barium.

Strontium: The behaviour of strontium is similar to bar-
ium. Both of these alkali-earth elements tend to accumulate
in the late fluids of magmatic sequences. The concentration
levels in common rocks range to several thousand parts per
million and to several per cent in some vein samples. In vein
sample NAD-1 from the Silver Queen mine, strontium
(probably occurring as strontianite) and barium (barite) cor-
relate with high gold values. At the Equity mine both
strontium and barium are depleted in the principal ore zones.
For example, the 300-ppm contour level of strontium
encloses a negative anomaly about the Main zone and South-
ern Tail orebodies. Values of strontium greater than 1000
ppm are usually remote from the orebodies. Barium gives a
similar but more diffuse pattern.

Tin: The level of tin determined in the country rocks of the
area is commonly less than 6 ppm. Few samples have more
than 10 ppm, and most of these are associated with the gold-
bearing ores of the Equity mine. The host mineral is unknown
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Figure 4.6. Frequency distribution diagram for zinc;
samples of Tertiary rocks from the Goosly Lake area.

but may be a tin sulphosalt such as kylindrite. This would be
compatible with the antimony-rich Equity ores.

Zinc: The distribution of zinc is similar to lead; values
range widely from less than 100 ppm to more than 2000 ppm.
The background mode for zinc, for samples collected from
the Tertiary country rocks, is approximately 80 ppm and the
threshold is 150 ppm (Figure 4.6). The pattern is different in
the Equity mine area, the mode is lower and the threshold
higher, 40 and 400 ppm respectively. Samples collected from
the vicinity of the Silver Queen mine show a polymodal
distribution, a background pattern overprinted by the effects
of mineralization (Figure 4.7). For most of the mineralized
rocks of the area zinc shows a good positive correlation with
cadmium, silver, lead and, to a lesser degree, copper.

DETAILED STUDY

A detailed study has been undertaken in the type area of the
main formations and in the belt of principal mineralization
inclusive of the Equity and Silver Queen mines (Figure 4.8).
Here the dispersion of metals in the country rocks on either
side of a line of Tertiary intrusions suggests that these igneous
bodies may be genetically related to known vein deposits,
sulphide replacements and disseminations (Church ef al.,
1976). These interpretations, based on data from 12 path-
finder elements and 853 samples, result from a variety of
statistical procedures including correlation of the elements,
factor analyses, cluster analyses and computer-assisted con-
touring of element concentrations.

INTER-ELEMENT CORRELATIONS

To test the behavioural coherence of the elements, a
product-moment correlation matrix was computed using log-
transformed values (Table 4.2). Of the 55 pairs of elements
generated from the original data, three have positive correla-
tions above 0.6. These are Zn-Cd, Ni-Co and Pb-Ag.
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Figure 4.8. Location of the detailed lithogeochemical study
area.

The Zn-Cd and Pb-Ag correlations, and a more general
interdependence between these and As-Hg, are not surpris-
ing, the six elements together being commonly related to
sulphide mineralization. Nickel and cobalt correlate strongly
but have relatively weak cross-correlations with other metals.
It is assumed from this that these elements are concentrated
primarily in ferromagnesian silicate minerals rather than
sulphide phases. Copper shows moderate correlation with
nickel and cobalt and weaker correlation with lead, zinc,
arsenic and cadmium.

FACTOR ANALYSIS

The correlation test and cumulative frequency plots (e.g.
Figure 4.7) suggest that the geochemical expression is com-



posite, the effects of mineralization being locally superim-
posed on the original composition of the rocks. This inter-
pretation is supported by factor analysis.

In this instance, the ‘“‘R-mode”’ factor analysis was
employed, which compares the variables (elements) within
samples. The variables were grouped and weighted accord-
ing to variance similarities and loaded into factors, each
factor accounting for a percentage of the total sample vari-
ance. The matrix of correlation coefficients (Table 4.2) was
input to an algorithm from which factors were extracted.

The results of the calculations are given in Table 4.3. Nine
factors account for 94 per cent of the variance in the correla-
tion data; the first two factors alone are responsible for 50.3
per cent. The most significant factor, No. 1, is considered to
best express the effects of mineralization. This factor is
strongly weighted in favour of lead and silver, and less
strongly with arsenic and cadmium. The second most impor-
tant factor, No. 2, is thought to reflect the contribution of
primary rock chemistry. This factor is dominated by nickel
and cobalt, and influenced in a minor way by copper and
iron. These elements are known to accumulate in basic
igneous rocks. The remaining weaker factors, Nos. 3 to 7,
are each dominated by one element only, these being man-
ganese, molybdenum, mercury, arsenic and copper, in
decreasing order of importance. The weakest factors, Nos. 8
and 9, account for only 6.8 per cent of the total variance.
Factor 8 has strong negative copper and iron loadings and is
interpreted to reflect the chalcopyrite-rich mineralization of
the Equity mine. Factor 9 has strong zinc and cadmium
loadings, perhaps reflecting the sphalerite-rich mineraliza-
tion found in the veins at the Silver Queen mine.

The additional operation to test matrix isotropy, known as
promax oblique rotation of the matrix (K Min = 2), had little
effect, comparing the results with the varimax rotation. The
only noticeable change was in Factor 8, where copper loading
was reduced.

CLUSTER ANALYSIS

Cluster analysis goes a step beyond the previous test by
achieving statistical partitioning of the data. The rock sam-
ples rather than the separate chemical elements are treated
and grouped according to their relative similarities. The
calculations, based on factoring, produce a graphical plot
that is easy to evaluate.

The procedure is described in detail by Parks (1966,
1970). A Q-mode principal-components analysis is per-
formed on the matrix of correlation coefficients and distance
function values. Factor scores are computed by ‘‘Harmon’s
short regression square root method” and normalized. Each
sample is then compared to all other samples on the basis of
these scores, to achieve clustering. The result is presented as
a dendrogram. The samples are listed in groups according to
similarities, the groups being joined in broad associations by
an array of stems; long stems indicating large differences.
The abscissa on the dendrogram is the value of the distance
function, ranging from 0.0 (total similarity) to = 1.0 (total
dissimilarity).

Figure 4.9 is an example of a dendrogram representing
samples from the Goosly area. Several groups of samples are
readily identified by different average chemical composi-
tions. Unmineralized country rocks (No. 1), slightly miner-
alized hostrocks (Nos. 2 and 3) and ore (No. 4) are clearly
separated.

The result of cluster analysis of the entire suite of samples
from the Goosly—Owen Lake area is summarized in Table
4.4. Four main groups are defined — the Equity-type miner-
alization, Silver Queen mineralization, average country
rock, and country rock with low metal background.

The mineralized samples are mostly from the vicinity of
the two deposits and have Cu:Pb:Zn ratios similar to the
corresponding ores. Equity mineralization is copper rich,
with above average silver, nickel and cobalt. Silver Queen
mineralization is comparatively zinc rich, with high cad-
mium and mercury.

The country rocks are Tertiary and Mesozoic igneous and
sedimentary formations. For the most part, cluster analysis
has not been successful in separating these because the
elements analysed are not entirely suitable for the purpose.
However, the samples with the lowest overall values, group
No. 1, are generally the most siliceous rocks — rhyolites,
dacites and granitic intrusions. Other rock types can be
recognized, but are poorly defined.

COMPOSITION OF THE PRINCIPAL FORMATIONS

Analyses of the Goosly syenomonzonite-gabbro intru-
sions and the main hostrock formations are given in Table 4.5
as modes and threshold values.

TABLE 4.2 MATRIX OF CORRELATION COEFFICIENTS OF LOG VALUES (N = 853)

Mo Cu Ph In Ni
Mo.. 1.000
Cu........... 0.128 1.000
Pb........... 0.174 0.252 1.000
n.......... 0.173 0.308 0.468 1.000
Ni........... — 128 0.478 0.054 0.024 1.000
Co........... 0.216 0.474 0.185 0.215 0.677
Ag........... 0.260  0.387 0.602 0.375 0.186
Fe........... — 187 0.221 — 144 0.236 0.286
Hg........... 0.200  0.087 0.377 0.221 — .201
As........... 0.248 0.296 0450  0.331 — 045
Mn.......... — 074 0016 0.174 0.495 0.049
Cd........... 0.310 0.349 0.542 0.707 0.163

Co Ag Fe Hg As Mn Cd
1.000
0.272 1.000
0440 — .031 1.000
— 043 0220 — .119 1.000
0.027 0438 — .070 0.378 1.000
0.282 0.074 0389 — .008 —0.045 1.000
0.344 0.547 0.122 0.169 0326 0374 1.000
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TABLE 4.3

RESULTS OF ‘R’ MODE FACTOR ANALYSIS EIGEN VALUES AND VARIMAX MATRIX

FOR 94 PER CENT OF TOTAL VARIANCE

Factor 1 2 3 4 5 6 7 8 9
Eigenvalue. . ... ... ... 3.79 2.25 1.47 94 .83 .67 .52 A .37
PerCent. . ... . ... .. .. 316 18.7 12.2 1.8 6.9 5.6 4.3 3.7 31
Cumulative Per Cent. .. ... 316 50.3 62.5 70.4 71.3 82.9 87.2 90.9 94.0
Sum of Squares. .. ... ... .. 1.516 1.756 1.039 1.112 1.085 1.004 .926 1.052 1.791
974 L0GMo. ....... ... .. .095 .009 -~ .048 .957 — .085 — .093 — .033 .012 137
983LOGCu.............. .166 .347 — .035 .044 — .04 — 134 - .879 — .808 179
8241L0GPh. . .. ... . .. 665 130 123 — .042 — 314 - 231 0.46 216 .384
S00LOGZn. . ... . ... .. 125 — .026 272 .036 — 114 — .150 — 157 — 133 .855
926 LOGNi........... .053 .909 — .068 — .17 134 017 — .202 — .501 .037
S19L0GCo.............. 136 .828 .203 .263 — .020 027 — 136 - 275 .094
932L0GAg.............. .894 .088 — .02 143 .028 — 150 - 197 — .030 204
978L0GFe..... .. ... .066 229 .184 — 115 .042 0.19 — 0.69 — 925 .109
978L0GHg. ......... . .. 122 — .105 0.015 .088 — .95 — .150 — .039 .032 .090
995 LOGAs. ............. .239 — 037 — 048 106 — 176 921 122 .020 170
985LOGMn.. ... ... ... .033 .066 .923 — 052 .014 .048 .036 — 184 .294
887L0GCd. ... .. .. .353 .169 105 192 — .021 — 070 — .067 - 024 .822
TABLE 4.4
RESULTS OF CLUSTER ANALYSIS FOR ALL SAMPLES, COMPOSITION OF MAIN GROUPS
Country Rocks
Background Mineralized Rocks
Low Average| Silver Queen Goosly
1 2 3 4
Ag (ppm) 0.5 0.8 3.0 105
As (ppm).... . .. 3 2 33 37
Cd (ppm) 3.0 0.6 51.0 3.0
Co (ppm) 2 14 14 85
Cu (ppm) 5 17 52 1808
Fe %........... 0.6 2.7 2.0 1.5
Hg (ppb)...... .. 17 11 111 24
Mo (ppm) 1.2 1.1 2.0 1.4
Mn (ppm).... . ... 104 505 516 250
Ni (ppm) 5 15 7 273
Pb (ppm)........ 12 14 193 138
In (ppm)........ 25 61 4751 379
Samples....... ... 33 816 7 2
| I
TABLE 4.5
COMPOSITION OF THE GOOSLY INTRUSIONS AND MESOZOIC HOSTROCKS
Average ; Hostrocks
Country Tertiary ‘ :
Rock Intrusions U. Cretaceous M. Mesozoic
1 2 3 4
Mode Thresh.+ ! Mode Thresh.* Mode Thresh. *
Ag(ppm). ... 0.8 0.8 25 0.6 25 1.1 19.0
AS(PPM). ... 2 2 13 2 21 4 149
CA(ppm). ... 0.6 0.6 1.7 0.5 4.4 0.8 6.0
Coppm). . ... .. ... 14 21 55 9 33 15 63
Cudppm). ... 17 34 225 12 61 i 10 1304
7T 2.7 3.0 1.3 3.6 72 1.7 4.5
Hg(ppb)........ .. . . 11 10 20 11 96 : 12 95
Mo*(ppm)...... ... . 1.1 <1.0 i1 1.2
Madppm)........ ... 505 460 881 735 4498 | 376 2118
NiGppm). ... 15 46 115 6 29 i 16 190
Ph(ppm). ... .. 14 20 40 12 71 | 20 391
Nppm). ..o 61 60 128 54 560 \ 19 392
Samples............. ... 816 29 409 ‘ a5
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Figure 4.9. Cluster dendrogram for the rocks of the Goosly
area. (* Assay of sample from discovery exposure at Equity
mine.)

The statistics were obtained by plotting the frequency
distribution of the elements. For example, in the case of the
Cretaceous hostrocks, zinc gives a bell-shaped curve (Figure
4.10) which is an approximation of a single population log-
normal distribution. The mode is determined as the mid-
point on this symmetrical curve and the threshold is inter-
preted as the mean plus two standard deviations by the
“MSCSTATI” computer program.

Comparing results from Upper Cretaceous hostrocks, the
modal values are similar to the average for country rocks
(Table 4.5, Column 1). However, thresholds are high,
especially zinc, and resemble Silver Queen mineralization as
shown in Table 4.5.
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Middle Mesozoic hostrocks, comprising a variety of sedi-
mentary and volcanic units, are skewed to siliceous composi-
tion. These rocks have relatively high copper, silver and
nickel threshold values characteristic of the altered rocks in
vicinity of the Equity mine.

The Goosly-type intrusions are a group of chemically
related rocks with a notable abundance of copper, nickel and
cobalt. These are considered a direct or indirect source of
mineralization in the area.

GEOCHEMICAL MAPS

Computer-contoured lithogeochemical maps of the study
area were published by Barakso and Church in 1973. Modi-
fications of three of these are reproduced in Figure 4.11. The
geology of the area is presented on Figure 4.12. These plots
show the position of copper, mercury and arsenic anomalies
related to the main rock groups and zones of mineralization.

The copper map (Figure 4.11) is the most striking. Copper
anomalies coincide with a series of aligned Goosly-type
syenomonzonite intrusions. The largest copper anomalies
are directly over the Equity orebody, and slightly south of the
main Silver Queen veins. These are examples of anomalies in
the 3 to 6-kilometre diameter category for vein and replace-
ment deposits according to Govett (1983, pages 116-119).

Mercury highs, plotted on Figure 4.11B, are widely
scattered throughout the areas underlain by Mesozoic rocks.
The anomalies are more or less satellitic to the intrusions,
being displaced outward somewhat from the main zones of
mineralization.

Arsenic surpasses copper and mercury in intensity over the
mineralized zones and laterally (Figure 4.11C). The general
dispersal of arsenic in the host rocks is so strong that it is
possible to delineate these older formations without knowl-
edge of the geology.

Other metals, such as silver, lead, zinc and cadmium, have
similar distribution patterns to copper, mercury and arsenic,
differing only in intensity and the extent of dispersion later-
ally from the source intrusions.
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Figure 4.10. Frequency of zinc in Cretaceous hostrocks.








































argillic alteration at the core, then sulphide filling and
replacement. Beyond this there is an envelope where the
country rocks have been altered to a fine-grained mixture of
quartz and sericite. A whole-rock K-Ar age of 48.3 to 51.7
Ma (Table 2.4, Nos. 3 and 8) on sericitized tuff from this area
is also similar to the age of the stock (F values in Table 2.4).

Full emplacement of the Goosly stock occurred after
successive intrusive pulses and crystal fractionation. This
evolution has resulted in a regular chemical and mineralogi-
cal progression from basic to felsic rock types (Figure 5.9;
Table 2.3, Nos. 5 to 13). The natural products of this process
were heat, water and fugitives such as potassium, boron and
phosphorous (significant components in the ore and altered
rocks of the Equity mine).

The thermal effects along the contact of the Goosly stock
are variable, depending in part on the composition of the
adjacent rocks. Commonly the contact zone is a dense
hornfels composed of recrystallized volcanic or sedimentary
formations with new growth of biotite, quartz and feldspar. In
the Main orebody the sulphides appear to be coarser grained
near the intrusion and here pyrite is often replaced by
pyrrhotite. The aluminous rocks in the clay-alteration facies
are overprinted by, the growth of andalusite, pyrophyllite and
a minor amount of corundum. Redistribution of phosphate
and boron in the mineralized core area and the alteration
envelope has also led to the local growth of scorzalite and
tourmaline.

A decrease in the intensity of alteration and mineralization
passing from the Main orebody to the South Tail zone is
evidently due to a decrease in temperature and activity of
hydrothermal solutions as they moved outward from the
contact of the Goosly syenomonzonite-gabbro stock. Fluid
inclusion studies by Wojdak and Sinclair (1984) indicate a
decrease in temperature from a maximum of 625°C near the
stock to a possible minimum temperature of 200°C in the
Southern Tail.

Propylitic alteration appears to have affected most of the
crosscutting dikes and adjacent hostrocks. The most in-
tensely altered rocks are commonly light coloured due to the
abundance of clay, white mica and carbonate. The develop-
ment of sericite and clay minerals has been at the expense of
the original feldspar, and chlorite has substituted for some of
the original ferromagnesian constituents. The age interval for
these dikes, reported by Cyret al. (1984) (48.3t050.7+2.0
Ma), is similar to the age of the Goosly syenomonzonite-
gabbro stock. Accessory sulphides within the dikes, consist-
ing of disseminated pyrite grains and veinlets of pyrite,
chalcopyrite, galena and sphalerite, are thought to represent
the final hydrothermal residual in the mineralizing cycle.

GENETIC THEORIES

The several theories on the origin of the Equity ore deposit
were outlined by Ney, Anderson and Panteleyev (1972) in
their joint paper. These are epigenetic and syngenetic hypoth-
eses that, to the present, retain divided allegiance among
economic geologists:
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‘1. Epigenetic replacement from fluids associated
with the quartz monzonite stock.

2. Epigenetic replacement from fluids associated
with the gabbro-monzonite complex.

3. Epigenetic replacement by aggressive or thermally
active fluids which derived metals from the enclos-
ing rocks. These fluids may have been magmatic
products or heated circulating vadose or connate
waters.

4. The deposits are volcanogenic in the sense that
mineralization is related to volcanic processes that
formed the host rocks.

(1) The first mode was suggested very early in exploration
by C.J. Sullivan, who visualized the mineralized brec-
cias as zones of fluid-streaming, dipping concially
toward the quartz monzonite [Sullivan, personal com-
munications and private reports 1968-70]. The quartz
monzonite stock was a favoured source because it had
some evidence of mineralization within it and was
apparently connected to the copper-silver zones by a
broad field of rock alteration and pyritization. The idea
guided exploration, but lost influence as the breccias
generally appeared through further work to be specific
stratigraphic units rather than cone-sheets.

*“(2) The second mode seems most logical simply because
mineralization is best developed close to the gabbro-
monzonite. However, the entire gabbro-monzonite
complex is physically and geochemically unconvinc-
ing as the progenitor of copper-silver mineralization. It
is neither veined nor otherwise mineralized and con-
tains only background values in metals. The associated
porphyritic formations clearly show, through studies of
Church and Panteleyev, that it represents a volcanic
centre. The associated effusive rocks may be well
altered by pyritization, sericite and tourmaline, but
even in this apparently well-prepared situation no valu-
able mineralization has been found. Both Nielsen
[1969] and Church [1970b, 1971a] favoured the gabbro
as a concentrating agent and probable source of metal,
but Nielsen suspected that there may have been an early
solfataric stage of alteration and mineralization.

**(3) The third mode requires no allegiance to any particular
intrusion, either as a source of metals or a concentrating
agent, but it does imply that the metals were brought
into their present sites by replacement of country rock
and open space filling. In this case the original structure
and character of the rocks are less important than

younger structures in localizing mineralization””.

Ney, et al. (1972) favoured hypothesis No. 4 *“... the main
concentration of metals was affected by volcanic processes
directly related to the formation of the host rocks ... we do not
imply that the deposit is a massive black ore or ““Kuroko”
deposit but simply that in geological setting and style of
mineralization the deposit is akin to the volcanogenic
deposits so lucidly described by Japanese geologists™. The
chief argument against this, conceded by these authors, is
that no alteration pipe associated with the orebody has been
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Figure 5.9. Mixing diagram showing the chemical and
mineralogical similarities of the Goosly intrusions, Buck
Creek area. (Basicity index = refractive index of fused rock).

found. Also, mineralization clearly cuts across and replaces
the pyroclastic rocks and breccias adjacent to the ore zones
proving a younger age for the ore. Nevertheless, itis difficult
to ‘“‘see through” the metamorphic effect induced on the
country rocks and mineralization by the nearby intrusions
and it can be argued the association of the orebodies with an
ancient dacitic edifice is itself compelling evidence support-
ing the volcanogenic theory.

However, Panteleyev, the third author, has subsequently
adopted an epigenetic theory (Schroeter and Panteleyev,
1988) which relates the Equity deposit to the emplacement of
the granitic stock (hypothesis No. | above). This concurs
with Cyr et al. (1984). The main supporting evidence is K-Ar
dates which suggest that part of the Southern Tail zone is
within the thermal aureole of the granitic stock.

There is consensus that the present form of the main Equity
deposit is the result of the last pulse of the Goosly
syenomonzonite-gabbro intrusion (Wojdak and Sinclair,
1984) although Cyr er al. (1984) believe that this represents
remobilization of a primary porphyry related-copper deposit.

However, from a purely geographical point of view, the
small granitic body, situated as it is more than a kilometre
west and southwest from the main and northern ore zones at
the Equity mine, seems an unlikely source for the mineraliza-
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Figure 5.10. Metallogenic model showing the stages of
igneous intrusion leading to mineralization at the Equity
mine.

tion. There is no evidence from available magnetic maps that
the granitic stock increases in size at depth (see Figure B1 and
Church and Pettipas, 1990). Also, it is unlikely that nickel
detected in the Equity ore, to 300 ppm, was derived from a
granitic source (Table 5.1, Nos. 1 and 2; Table A.l,
SG-69A).
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Figure 5.15. Composition frequency of Upper Cretaceous
volcanic rocks in the Owen Lake area.

The Bear vein, 300 metres southwest of the Cole shaft,
strikes south and is exposed for about 70 metres. A chip
sample across the vein, comprised of almost pure amber
sphalerite with minor pyrite returned modest precious metal
values.

The Barite vein, outcropping 150 metres west of the Cole
vein system, strikes southeast and is discontinuously exposed
for 107 metres. A gangue-rich sample collected over a width
of 107 centimetres assayed trace gold, 92.6 grams per tonne
silver, 0.04 per cent copper, 0.58 per cent lead, 1.1 per cent
zinc, 12.9 per cent iron, 7.8 per cent manganese, 0.36 per
cent calcium, trace cadmium, 0.07 per cent arsenic and 0.03
per cent antimony.

The NGV vein, exposed in the southern part of the
prospect area, strikes 160° and dips 75° northeast and is
exposed for 50 metres. In 1970, a 76-centimetre length of
mineralized drill core assayed 1.37 grams per tonne gold,
447.5 grams per tonne silver, 0.17 per cent copper, 12.8 per
cent lead and 10.2 per cent zinc.

BoB CRrREEK: MINFILE 093L 009
(LAT. 54°18'15"; LoNG. 126°37'35")

The Bob Creek prospect is centred 10.6 kilometres south
of Houston at 800 metres elevation. The showing is located
approximately 1.4 kilometres east of Buck Creek and the
Buck Flats road (Figure 5.16).

The property comprises the Buck and Lorne claim blocks
which are relocated from previous claims including the old
Porphyry Dike, Horseshoe and Gold Brick claim groups.

EXPLORATION HISTORY

A small amount of placer gold was recovered from Bob
Creek prior to 1905. In 1914 claims were staked covering the
apparent source area, which proved to be a zone of altered
rocks exposed in the canyon of Bob Creek. Some exploratory
tunnelling was completed by 1927. According to Lang
(1929, page 93A): “‘A short adit has been driven into the right
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side of the canyon, exposing disseminations and small seams
of pyrite, sphalerite, and a little galena, but no definite vein is
exposed. About 100 yards [90 metres] upstream, a second
short adit has been driven in the left side of the canyon where -
a 3-inch [7.6-centimetre] stringer is stated to have assayed:
gold, 0.06 ounces [2.]1 grams per tonne]; silver, 41 ounces
[1400 grams per tonne]; lead, 3 per cent; zinc, 11 per cent’”.

A small mill was set up on the property in 1933 and 3 years
later operations began under the management of Houston
Gold Mines Ltd. According to reports, 77 tonnes of ore was
produced averaging 3.5 grams per tonne gold, 35 grams per
tonne silver and 1.1 per cent zinc.

The property was the focus of intermittent exploration in
subsequent years. Some of the more important drilling pro-
grams were conducted by the Premier Gold Mining Company
in 1945 (three diamond-drill holes totalling 240 metres),
Denison Mines Limited in 1961 (eight drill holes totalling
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155 metres), American Smelting and Refining Company
(Asarco) in 1968 (seven holes totalling 637 metres) and
DuPont of Canada Exploration Limited in 1978 (six holes
totalling 751 metres). Most recently, in 1984, Selco Division
of B.P. Resources Canada Ltd. completed a major program
consisting of eight diamond-drill holes totalling 1247 metres.

In addition to the drilling, a number of geochemical and
geophysical programs were completed. In 1965 Triform
Mining Ltd. joined with Coast Explorations Lid. to geo-
chemically test 4100 metres of bulldozer trenching and
stripping. Later Minwealth Explorations Ltd. performed
airborne magnetic and electromagnetic surveys and a geo-
chemical program. In 1978 DuPont completed 13 kilometres
of pulse electromagnetic survey and geological mapping.
Cominco Ltd. completed a thorough review of the property in
1981 and followed this with an induced polarization survey,
and soil, silt and lithogeochemical studies.

Most recently the property was optioned by Bard Silver
and Gold Ltd. and subsequently reoptioned to Royalstar
Resources Ltd., a subsidiary of Noramco Mining
Corporation.

GEOLOGY

The rocks in the vicinity of the Bob Creek prospect consist
predominantly of gently dipping volcanic formations of
Jurassic, Cretaceous and Tertiary ages, a small gabbro stock,
and a number of dikes.

The oldest rocks are mostly maroon volcanics of the
Hazelton Group similar to the Lower Jurassic(?) assemblage
on Morice Mountain to the west. These are exposed along the
lower course of Bob Creek and on the valley slopes near the
confluence of Bob Creek and Buck Creek. The most com-
mon unit is massive tuff-breccia with a few thin intercalations
of accretionary lapilli and siltstone. The volcanic clasts are
mostly dacitic with some rhyolite admixture (Table 2.2, No.
4). A thin shale facies from this section has been intersected
in the exploration drilling. Although the base of the formation
is not exposed, the total thickness certainly exceeds several
hundred metres.

The hostrock for mineralization is a belt of altered felsic
volcanic rocks, about 600 metres wide, exposed in the
canyon of Bob Creek. These are quartz feldspar-porphyry
+ feeder dikes and breccias equivalent in age to the Late
Cretaceous Okusyelda Hill and Duck Lake intrusions.

The slightly younger Tip Top Hill formation appears to
overlie the felsic volcanics east of the canyon. These rocks
are brown, somewhat altered, andesitic tuffs and breccias;
they form an erosional remnant immediately underlying the
Tertiary sequence.

The youngest beds are assigned to the Buck Creek forma-
tion. These rocks comprise about 500 metres of Early Terti-
ary fine-grained, thinly layered dacitic lavas and breccias
exposed along the upper course of Bob Creek and on the hills
and ridges to the north and south. The layering of this
sequence, displayed on the valley slopes, dips about 8°
casterly.
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The “Bob Creek gabbro™ crops out on the crests of two
low hills south of the canyon. This is a somewhat altered,
medium to fine-grained stock intruding the Jurassic and
Cretaceous volcanic rocks. Normative mineral calculations
indicate a quartz deficiency similar to many gabbros (Table
2.3, No. 1).

Several feldspar porphyry dikes intrude the Hazelton
rocks. The largest of these is exposed in a roadcut where the
Bob Creek and the main Buck Flats roads join, and on a
logging road north of Bob Creek. These dikes contain
subhedral clusters of plagioclase, 0.5 centimetre across, in a
matrix of fine-grained feldspar, biotite and quartz. A K-Ar
age determination on a biotite separate from these rocks
(Church, 1986) gives a Late Cretaceous age of 80.6 £2.8 Ma
(Table 2.4, No. 20) similar to the Duck Lake intrusion.

The felsic effusive rocks exposed in the canyon of Bob
Creek are a composite of hydrothermally altered breccias,
including some round-clast vent breccias and quartz feldspar
porphyry feeder dikes. Normative calculations from whole-
rock chemical analyses suggest high quartz and alkali feld-
spar content typical of many unaltered rhyolites (Table 2.3,
No. 2).

Alteration of these rocks is intense, consisting of kaoliniz-
ation with local sericitization and silicification. Limonite is
developed on many outcrops as a result of oxidation and
leaching of sulphides. The principle sulphide minerals are
pyrite and sphalerite with lesser amounts of galena and
chalcopyrite. These occur as disseminations, stringers and in
quartz veinlets of apparently random orientation.

The main target of exploration is a zone of high
lithogeochemical values midway between the canyon and the
north contact of the Bob Creek gabbro. This anomaly forms
an elliptical 80 by 50 metre area with gold and silver analyses
ranging to more than 4 ppm and 35 ppm respectively.

The age of mineralization has been determined to be
78.1 % 2.8 Ma from K-Ar analyses of sericitized biotite from
a hydrothermally altered porphyry from the canyon area
(Table 2.4, No. 19). This is only slightly younger than
unaltered biotite feldspar porphyry dikes of the region which
have been correlated with the Duck Lake intrusion and
Okusyelda volcanic event.

According to Caelles (1982): ““The Au-Ag (Zn-Pb-Cu)
mineralization in the Bob Creek property is epigenetic,
deposited by circulation of hydrothermal fluids that are very
likely related to the predominantly felsic volcanism. If this
hypothesis is correct, lithological control of mineralization
could be important, mainly through control of mineralizing
fluid circulation by rock porosity and permeability””.

Lingering hydrothermal activity may also be responsible
for the altered condition of the Tip Top Hill andesites and the
Bob Creek stock. In accordance with this, the lithogeochemi-
cal anomaly, which is close to the stock, coincides with the
end phase of a Late Cretaceous rhyolite to andesite and
gabbro eruptive cycle.

On the southern part of the property, several hundred
metres south of previous drilling, diamond-drilling (1988
and early 1989) undertaken by the Noramco-Royalstar joint




venture, reportedly intersected copper, zinc and precious
metal mineralization below glacial drift in an area of similar
lithology and alteration. This discovery greatly increases the
potential for economic mineralization on the property.

' DUNGATE CREEK: MINFILE 093L 010
(LAT. 54°22'09”; LoNG. 126°33'30")

The Dungate Creek property, also known as the Klondike
Star claim group, is 6.2 kilometres southeast of Houston, just
north of Dungate Creek at 960 metres (3150 feet) elevation.

EXPLORATION HISTORY

The initial discovery of chalcopyrite and molybdenite
mineralization was made in the early 1960s in a shallow
excavation on the newly constructed Dungate Creek logging
road. Subsequent trenching parallel to the road failed to
reveal any important extension to the mineralization and the
claims were allowed to lapse.

In July 1964, E. Westgarde of Houston restaked the
showing. Additional claims were staked in 1965 and the
property was then optioned to Southwest Potash Corporation.
A period of detailed exploration followed which included a
magnetometer survey, a limited program of soil and rock
geochemistry, 900 metres of bulldozer trenching, and
geological mapping.

Early in 1966 Normont Copper Ltd. gained control of the
property and initiated a new phase of investigation. Anco
Explorations Ltd. was contracted for general fieldwork
including a geochemical survey and in the fall of the same
year Huntec Ltd. completed an induced polarization survey.
In 1967, Chapman, Wood and Giswold Ltd. ran another
detailed induced polarization survey to define diamond-drill
targets. Normont optioned the property to Noranda Explora-
tion Company, Limited in December 1967 and by April 1968
drilling began. The program included seven AQ wireline
drill holes, totalling 610 metres. Results were disappointing
and the claims were again allowed to lapse.

The original Westgarde holdings were restaked by pros-
pector Ross Blusson in the spring of 1972 and the senior
author visited the property later that year, in anticipation of
renewed exploration activity on the property. The following
description is largely quoted from the report prepared at that
time (Church, 1973d).

GEOLOGY

Outcrops are sparse in the vicinity of the main showings,
the area being mantled by glacial till and outwash sand
which, according to diamond-drill logs, averages about 6
metres thick. The best bedrock exposures are formed by
bluffs of nearly horizontal Tertiary lava immediately east and
southeast of the property, and a few low hills and knolls of
Hazelton volcanic rocks near the west and northwest bound-
aries; a good section of Hazelton volcanic rocks is also
exposed in Dungate Creek canyon near the southwest corner
of the claim block.

51

The conspicuous topographic bench which underlies most
of the property is evidently part of an exhumed erosion
surface which is roughly coincident in elevation with the base
of the adjacent Tertiary pile. Easterly moving glaciers were
probably responsible for stripping away most of the Tertiary
cover rocks. The mean direction of glacial striae in the area is
083°.

Owing to exceedingly poor exposure details of the geology
of the property are lacking, however, some interpretation of
bedrock can be made from the few exposures on the property
and surrounding areas, diamond-drill logs and geophysical
data.

The oldest and predominant geological units in the area are
believed to be part of the Mesozoic Hazelton Group. The
suite is mainly volcanic although shales and greywacke are
recorded in a few of the drill logs. The lavas and volcanic
breccias exhibit both aphanitic and feldspathic phases and
range in colour from dark to light grey, greenish grey and
light brown. The results of arc fusions and quartz determina-
tions performed on a volcanic suite collected from 20
geological stations in the area have been plotted (Figure
5.17). The samples show a bimodal composition distribution
consisting of (1) basic and intermediate rocks: basalts and
andesites, and (2) siliceous rocks: dacites and rhyolites.

The combination of basic volcanic beds, which normally
have relatively high magnetic susceptibility, and siliceous
units with low susceptibility, provides a basis for interpreta-
tion of available magnetic data. Figure 5. 18 shows the known
exposures and interpreted geology superimposed on a mag-
netometer survey map. The most conspicuous features are the
bands of magnetic highs alternating with lows. These bands
strike generally northeast at about 020° suggesting that this
direction is the strike of the underlying Hazelton Group.

The area of very low magnetic response in the southeast
corner of the map area appears to be, at least in part, a dipole
edge-effect caused by the Tertiary volcanic pile lapping onto
the Hazelton rocks. The Tertiary succession here consists of
several tens of metres of typical Goosly Lake porphyritic
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posite samples submitted by the company for gold and silver
assays returned results ranging from trace to 0.7 gram per
tonne gold and 7 to 14 grams per tonne silver.

The generally low values, especially for copper as deter-
mined from core (Noranda) and surface rock chip samples
collected by the senior author, do not appear to account for
some very high soil geochemical results obtained by South-
west Potash Corporation. A total of 720 soil samples included
100 samples with more than 50 ppm copper and some of
these with copper in excess of 500 ppm.

BORNITE: MINFILE 093L 012
(LAT. 54°29’40"; LoNG. 126°25'27")

The Bornite prospect is located just west of Gilmore Lake
at 760 metres (2500 feet) elevation, 18 kilometres northeast
of Houston. In 1987 it was explored by Equity Silver Mines
Ltd. (Dana I, Dana II and Tex I claims). The program
included five NQ diamond-drill holes totalling 624.2 metres.
Previous prospecting was done by Normont Copper Ltd. in
1967 and Summit Petroleum Corporation in 1977.

The property is underlain by Jurassic Hazelton Group
volcanics consisting of light-coloured rhyolite flows and
maroon andesite breccia. Weak chalcopyrite, bornite and
tetrahedrite mineralization occurs mainly as rims to frag-
ments, micro-vein fillings and disseminations in a matrix
of silicified volcanic breccia. The zone of most intense
silicification is about 20 metres wide, 300 metres long and
dips about 80° northeast, roughly subparallel to bedding. The

sporadic occurrence of sphalerite, galena and barite has been
noted, and silver values ranging up to 65 grams per tonne
have been reported.

GROUSE MOUNTAIN: MINFILE 93L 026, 288
(LAT. 54°33'30"; LONG. 126°43'42")

Grouse Mountain lies at the south end of the Babine Range
19 kilometres due north of Houston. 1t is accessible by a steep
5-kilometre-long dirt road leading from the Hungry Hill
section of Highway 16 between Smithers and Houston. The
following description is taken from an earlier report by the
senior author (Church, 1973b) and based on fieldwork com-
pleted in 1972.

The prospect area extends westward from the gentle slopes
near McQuarrie Lake, elevation 1050 metres (3448 feet),
past the summit of Grouse Mountain, elevation 1619 metres
(5312 feet) , to the western edge of the plateau which forms
much of the upper part of the mountain. Coppermine Lake
and a number of other small lakes and ponds occupy shallow
depressions just below treeline on the plateau, in the vicinity
of the main mineral prospects (Figure 5.21).

EXPLORATION AND DEVELOPMENT HISTORY

The early history of this prospect has been summarized by
Church (1973b); more recent exploration activity (1985} is
documented in the assessment report files maintained by the
ministry.

In 1914 Samuel Bush, Louis Schorn and partners dis-
covered what are now known as the Copper Crown, Ruby,
Lakeview, Schorn and Eureka copper and zinc sulphide
showings near Coppermine Lake. In 1916 the Cassiar Crown
Copper Company, which was formed to consolidate the
various holdings, sank a shaft to 17 metres, about 150 metres
southwest of Coppermine Lake, on the Copper Crown show-
ing. Soon afterwards, work began on an adit crosscut at the
1360-metre level, 260 metres to the west. The plan was to
intersect an ore shoot some 75 metres below the shaft and the
ore was to be transported 7.2 kilometres from the portal to
Walcott station on the Canadian National Railway’s main line
through the Bulkley valley. However, by November 1917, the

. crosscut had advanced about 300 metres without encounter-

ing appreciable mineralization and work was stopped.

After reorganization of the company, attention was
focused on the Ruby showing. Activity continued until 1923
by which time a lens of mixed sulphides was traced a few
hundred metres from a short adit crosscut on the 1380-metre
level. This underground exploration proved unsuccessful in
locating mineralization commensurate with the surface
showings and little was done for several years. In 1926 there
was a marked revival of interest; a camp was constructed and
extensive exploratory work began again. A total of 1130
metres of drifts and crosscuts, 50 metres of raises and a shaft

" linked the Ruby workings with those of the Copper Crown.
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Work was suspended in the summer of 1926 as the sulphide
bodies outlined proved to be insufficient to support a mining
operation.

The Lakeview showing was re-examined during the period
1924 to 1925. The most significant work at that time was an
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APPENDIX A

LITHOGEOCHEMICAL DATA

This introduces the lithogeochemical data of Table A.1.
The analyses in this table represent 1791 rock samples from
localities scattered across the entire Buck Creek area. The
samples were originally collected for petrographic purposes.
They were selected individually for freshness and lithologi-
cal representation — parameters that also served the
lithogeochemical study described in Chapter 4 of this report.

Table A.2 gives information on the most altered samples in
this collection. These are predominantly pre-Tertiary *‘base-
ment”” rocks comprising the NAD and OL suites consisting

mostly of Ootsa rhyolite, Tip Top Hill andesite and Mine Hill

microdiorite from the Owen Lake area near the Silver Queen
mine; the SG suite composed mostly of acidic volcaniclastic
rocks of the Skeena Group(?) from the Goosly Lake area near
the Equity Silver mine; and the DKR suite of Hazelton
volcanics from the Decker Lake area. The large G and OPG
suites of Table A.1 include many Tertiary samples from the
Francois Lake group and some older rocks peripheral to the
Buck Creek Tertiary outlier.
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TABLE A.2

ALTERATION AND MINERALIZATION — ANALYSED SAMPLES
Sample No. Sample No. Sample No.
DKR-33  a,c,m,s,u,v NAD-i a,m,v NAD-117 a,o0,u
DKR-34 o,p NAD-2 a,0,s,u NAD-118 «c¢,0
DKR-35 p NAD-3 ¢, m NAD-134 m
DKR-36  o,p NAD-6 c, 0 NAD-138 a,m
DKR-37 ¢, m,p NAD-10 a,m NAD-140 b, m
DKR-40 m,s,V NAD-13* ¢,o0,Vv NAD-142 a
DKR-41 b, m,s, Vv NAD-14 ¢,0,s,v NAD-157 am
DKR-42 m,o0,u NAD-23 o NAD-160 a,o0
DKR-43 ¢, m,v NAD-29 a NAD-166 a,c,v
DKR-45 b, m NAD-33 o NAD-167* a,m,u, Vv
DKR-46 m,o0 NAD-49 a,m NAD-171 b, m,s,v
DKR-53A a,m NAD-50 m NAD-203 u
DKR-56 m,o NAD-64* m

NAD-71 a,b OL-5 c,m,vV
G-150 o NAD-72 a,m,u,v OL-8 c,m,V
G-185 0 NAD-81 a
G-186 m, o NAD-93 a,m,v S$G-69 f,m
G-295 b, 0 NAD-97 a,o0,s SG-87 m, 0, U
G-321 b, 0 NAD-99* a,m,s,u SG-88 0

NAD-102 a,m SG-118 a,0
OPG-149 b, m NAD-103 m, v SG-124 o
OPG-203 ¢, m,o0 NAD-104 p SG-129 o, m
OPG-204 b, m,u NAD-107 o SG-131 a, m
OPG-210 m, o0 NAD-108 o
OPG-401 b, 0 NAD-112 a, o0
OPG-616 o NAD-113 a,b
OPG-639* o NAD-114* o
OPG-753* u NAD-116 a,m,u

* Tertiary rocks, mostly dikes.

Key: a — argillic alteration; b — breccia, ¢ — carbonates; f — phyllic
alteration, mica; m — sulphide mineralization; o — oxidation, gossan; p —
propylitic alteration; s — silicification; v — veining; u — unassigned, includ-
ing fluorite, barite, k-feldspar.



TABLE A.1
LITHOGEOCHEMICAL RESULTS

CHEMICAL ELEMENTS
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TABLE A.1
LITHOGEOCHEMICAL RESULTS — Continued

CHEMICAL ELEMENTS
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TABLE A.1
LITHOGEOCHEMICAL RESULTS — Continued

CHEMICAL ELEMENTS
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Province of British Columbia
Ministry of Energy, Mines and Petroleum Resources

GEOLOGY OF THE
BUCK CREEK TERTIARY OUTLIER

GEOLOGY COMPILED BY B.N. CHURCH
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