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FOREWORD

This is the eleventh year of publication of Geological Fieldwork

and the first year it has been named Geological Fieldwork, A Summary

of Field Activities and Current Research. The new name reflects
expansion of the scope of this publication to include reports that cover
the entire spectrum of work carried out by the Geological Branch.
Reports on the two main inventory files of the Branch, MINFILE and
COALFILE, are included for the first time. The main aim of the
publication remains unchanged; to acquaint the interested public with
preliminary results of fieldwork of geologists of the Geological Branch
as soon as possible after the field season.

The 1984 field program, like 1983, was reduaced in comparison to previous
years as British Columbia entered the second year of fiscal restraint.
Those geologists in the field had shortened field seasons and none had
more than one field assistant. Others were confined to the office,
completing long-term projects,

This edition has a three-section format; within each section, reports are
sequenced according to NTS. The Project and Applied Geology section
includes reports on field mapping and property examinaticns conducted by
both Project and Pistrict Geoleogists. The Resource Data section consists
of reports on MINFILE, COALFILE, land use issues, and assessment reports.
The Other Investigations section consists of four papers submitted by
researchers at the University of British Columbhia; each represents a
cooperative project.

The cover photograph shows Ministry geologist Andre Panteleyev examining
a massive sulphide lens on the Cariboo Hudson property near Wells.

W. R. Smyth,

Chief Geologist,
Geological Branch,

Mineral Resources Division.
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British Columbia Geological Survey
Geological Fieldwork 1984

PROJECT AND APPLIED GEOLOGY

GEOLOGY OF THE MOUNT ATTWOOD-PHOENIX AREA, GREENWOOD
(82E/2)

By B, N. Church

INTRODUCTION

Regional mapping of 250 square kilometres in the Mount Attwood-Phoenix
area near Greenwood has been prompted by continuing mineral exploration
mainly by Noranda Mines, Ltd. and Kettle River Resources Ltd. This
mapping utilizes the Granby Mining Company Ttd.'s 1:12 000-scale
topographic base map and information from previous detailed studies of
the Lexington mine (Church, 1970), Oro Denoro wine {Church, 1983), Skomac
mine (Church, 1977), Sappho (Church and Robertson, 1983), and Sylvegter X
{Church, 1984) prospects.

The Mount Attwood-Phoenix area is underlain by 22 mappable units com-
prising a variety of sedimentary, volcani¢, metamorphic, and intrusive
rocks that range from Paleogoic to Tertiary in age (Fig. 1).

BEDDED ROCKS

The Paleozoic (7?7} age Knob Hill Group is the oldest of four major
mutually unconformable assemblages. These rocks consist of massive and
banded metacherts and lesser amounts of quartz-chlorite schist, some
amphibolitic schists and gneisses, and a few marble bands. The rocks
have been affected by deformation and metamorphism causing
recrystallization and the development of foliation, quartz sweakts
parallel to foliation and much deformation of individual beds.

The Attwood Group is Permo-Carboniferous, according to much Fossil
evidence. The rocks consist mainly of black argillite, some sharpstone

conglomerate beds, greywacke, limestone lenses, and metavolcanic¢ units.

The Brooklyn Group is Triassic and commonly overlies ¥nob Hill rocks in
'valleys' eroded through the Attwood sequence. It is characterized by
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thick basal conglomerates, interfingering shaleg and limestones, and an
upper sequence of volcanic breccias. BAbundant chert clasts derived from
the underlying Xnob Hill formations characterize both the Attwood and
Brooklyn sharpstone conglomerates.

Both Attwood and Brooklyn rocks wevre affected by chlorite to amphihole
grade regional metamorphism and important tectonic movements. TLocally
this deformation resulted in development of tight recumbent and
overturned folds.

The Eocene Penticton Group is the youngest assemblage in the area. This
group comprises the Kettle River Formation consisting mostly of arkosic
sandstones, and the Marron Formation consiskting of three volcanic members
- the Yellow Lake mafic phonolites, the Nimpit Lake tan trachytes, and
the Park Rill andesites. These rocks have been tilted by block faulting
related to graben development.

IGNEOUS INTRUSIONS

The igneous intrusions range from ultramafic rocks and a small gabbro
stock to an assortment of granite to syenite and diorite plutonic rocks
and related hypabyssal bodies. Rges range from Triassic to Tertiary.

The oldest intrusions are heterogeneous hornblende diorites. These occur
as numerous small, stock-like bodies that are associated with major
faults scattered across the central part of the map-area. Partly
digested xenoliths of Attwood sedimentary and volcanic rocks are common
in the diorite, suggesting a post-Permian age. Clasts of this diorite
are found in the Brooklyn sharpstone conglomerate, indicating a probable
Lower or Middle Triassic age for this intrusive rock.

The largest intrusions are the Greenwood and Wallace Creek batholiths.
These biotite-hornblende granodiorite bodies are associated with many of
the skarns and guartz veins in the area. Potassium/argon analyses of
these rocks yield Upper Jurassic/Lower Cretaceous dates of 143%#5 Ma and
125*5 Ma from Oro Denoro mine and the Dentonia mine at Jewel Lake,
regpectively.

Microdiorite intrusions are scattered widely across the map-area
occurring as swmall stocks and feeder dykes to the Park Rill andesites and
older andesitic volcanic rocks. The older microdiorite bodies, such as
the 206%8 Ma Providence Lake stock, and the Hartford Junction and
Buckhorn intrusions, are of special note because of the contained
disseminated sulphides and their proximity to orebodies in host rocks.

Serpentinized ultramafic rocks are also widely distributed throughout the
map-area. These rocks are assigned a Cretaceous age because of cutting
relationships. The serpentine was intruded as sills and dyke=like
bodies, probably in semi-solid gtate, along unconformity surfaces and in
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major fault zones. The serpentine is hosted by a variety of rocks types,
including Knob Hill, Attwood and Brooklyn Formations, and phases of both
the Greenwood batholith and the older diorites.

MINERALIZATION

Most mineral production in the Greenwood mining camp has been from copper
skarn deposits. To a lesser extent, production has come from gold and
silver-bearing gquartz veins with ancillary lead and zinc values.

Recent exploration has focused on stratabound volcanogenic {7?)
gold-sulphide mineralization in Triassic beds (Sylvester K prospect) and
preciocus metal veins peripheral to the Wallace Creek batholith {Dentonia
mine at Jewel Lake). Other mineral occurrences of note, that have
received current and past attention, are the Phoenix and Oro Denoro
copper sulphide-magnetite-bearing skarn deposit, and the Lexington and
Buckhorn porphyry copper prospects. The Tam O'Shanter prospect is a good
example of epithermal vein mineralization associated with Tertiary
faulting peripheral to the Toroda Creek graben. Sappho is a similarly
situated gold-silver-platinum copper prospect hosted in a small Tertiary
Coryell syenite-shonkinite intrusion. Older (Cretaceous) breaks
containing dyke-like ultramafic intrusions have related gold-silver
quartz vein systems, such as the Number 7 and the Skomac mines.

In the Greenwood area, the combination of a long history of
mineralization and a wide range in types of deposits insures good
potential for new discoveries.
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British Columbia Geological Survey
Geological Fieldwork 1984

THE TILLICUM MOUNTAIN GOLD PROPERTY
A PETROLOGIC UPDATE
(82F/13)

By Y,T.J. Kwong

INTRODUCTION

The Tillicum Mountain gold property (latitude 49 degrees 59 minutes
north, longitude 117 degrees 43 minutes west) is located approximately 13
kilometres eagt of Burton in the Arrow Lakes region of southeagtern
British Columbia. Shortly after the initial discovery of high-grade
surface gold in 1280 by local prospectors, Arncld and Elaine Gustafson,
the property was optioned to the Welcome North-Egperanza Joint Venture.
In 1982, Esperanza Explorations Ltd. acquired the 50-per-cent interest of
Welcome North Mines Ltd. and concluded a financial agreement with La Teko
Resources Ltd. for further exploration. An intensive diamond drilling,
prospecting, trenching, and sampling program has been carried out in
subsequent field seasons.

The Tillicum Mountain gold prospect is a significant, relatively new find
in the Province. Localized high-grade zones occur; the Money Pit, the
original discovery, has already yielded a 64-ton bulk sample with 2.3
ounces gold per ton. In addition, several low-grade but large tonnage,
roughly northerly trending zones of gold mineralization hawve bheen
delineated. Moreover, recent exploration is also assessing two silver-
doninated zones toward the southern boundary of the property.

The overlapping record of successive geological events, together with the
fine grain size of many host rocks, have led to contrasting models of
mineralization. Ideas put forward to explain the gold prospect range
from skarn (Godwin, personal communication, 19283}, to volecanogenic
(Smith, 1983), to epigenetic and mesothermal (Kwong and Addie, 1982)}. To
attempt to determine the genesis, a well-explored portion of the property
was studied in detail, This communication presents findings on the
petrology of the property and discusses their implications toward further
exploration in the area. A model for the gold mineralization compatible
with the new data is also proposed,

GEOLOGICAL SETTING

Tillicum Mountain lies in the southern extremity of the Wakusp area which
was studied and mapped by Hyndman (1968). BAn extensive strip of rocks of
the Milford (?) Group {(Pennsylvanian (?) to Triassic) is intruded to the
northwest by Cretacecus and/or Jurassic plutonic rocks of the Goatcanyon-
Halifax Creeks stock (Fig., 2). The Milford Group consists of fine-
grained pelitic schists with widespread occurrences of calc-silicate-rich
rocks. The stock largely consists of hornblende-bictite guartz monzonite

23


ldegroot
1984


with localized quartz diorite and granodiorite at the margins of the
intrusion. Occupying the northwest side of Tillicum Mountain and
separating the pelitic schists Erom the intrusive rocks is a small area
of amphibole-rich metavolcanic rocks, presumably belonging to the
Triassic Kaslo Group (Hyndman, 1968}). Correlation of rock groups in the
region by Hyndman {1968} was based mainly on lithology. The same
metasedimentary and metavolcanic rocks were mapped earlier by Little
(1960) as belonging to the Slocan Group [Triassic and Lower Jurassic (?}]
and Rossland Group (Lower Jurassic), respectively.

According to Hyndman (1968), three episcdes of folding affected the
metagsedimentary and metavolcanic package prior to the consolidation of
the intrusive stocks. Based on a detailed study at the Nemo Lakes belt
to the south, Parrish (1981), recognized only two, possibly related
periods of major folding. Both authors, agreed that a continuity of
reglonal metamorphism exists throughout the region with metamorphic grade
generally decreasing northward. Major periods of folding and regional
metamorphism were interpreted to have occurred during Jurassic time,

LOCAL. GEOLOGY AND PETROGRAPHY

Figure 3 is a generalized geological map of the area that was studied in
detail. Five major rock units as well as late and locally abundant
lamprophyre and dacitic dykes, not shown on the map for the sake of
clarity, can be recognized. TUnit 1 consists of wvery fine to fine-grained
metagedimentary rocks, including argillite, metasiltstone, and a small
amount of phyllite that is locally abundant along shear zones. Where
carbonaceous material is abundant, bedding, consisting of light and dark
bands varying in thickness from less than a centimetre to about half a
metre, can freguently bhe digscerned. Metamorphic foliation is defined by
subaligned biotite and muscovite and/or chlorite, which rarely exceed 20
per cent by volume. In many thin sections fine-~grained mica shows two
preferred directions of orientation at less than 30 degrees to each
other, suggesting possibly two recrystallization events. Compositional
layering is always parallel to one of these preferred orientations. Most
of the chlorite, which replaces biotite and/or amphibole, appears to be
at an angle to the compositional layering. Hornfelsed argillites in the
vicinity of the southeastern quadrant of the Money Pit have randomly
oriented micas and more abundant tremolite and pyrrhotite; hornfelsic
argillite southwest of the Blue zone has more abundant zoisite.

Unit 2 is mainly semi-pelite with lenses, pockets, and discontinucus bands
of calc-silicate rocks. The calc-silicate assemblage is typically fine
to medium grained and consists dominantly of tremolite, diopside, and
plagioclase with or without minor amounts of garnet, K-feldspar, =zolsite,
and opaque minerals. In general, the minor phases are more concentrated
toward the edges of the calc-silicate bodies. Pyrrhotite is the most
prominent opaque mineral observed; less common ones include sphalerite,
galena, chalcopyrite, gold, marcasite, pyrite, and tetrahedrite (7).
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Figure 3. Generalized geclogy of the area studied in detall,

Minerals identified from the fine-grained, semi-pelite matrix include
subaligned biotite, tremclite, plagioclase, microcline, garnet, chlorite
with or without zoisite, opagque minerals (pyrite, arsenopyrite, local
pyrrhotite), and quartz. Quartz is rare in semi-pelites adjacent to
calc-silicate bodies of various sizes but gquartz fragments and veinlets
and interstitial quartz with or without calcite sometimes occur within
the calec-silicate rocks. Quartz breccia carrying gold is locally present
in this unit.
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Unit 3 is essentially a massive, generally porphyritic, metabasalt that
is characterized by an abundance of hornblende and plagioclase with minor
amounts of biotite and calcite. Recrystallization of hornblende to
tremolite—actinolite, chlorite, and, locally, biotite are quite common;
K-feldspar, guartz, and garnet are uncommon. This unit is locally
amygdaloidal and some layers are flow brecciated. BAdjacent to the
metasedimentary rocks, thin interbeds of calc-silicates up to 1
centimetre thick have been observed in the metabasalt unit, indicating a
gradual transition from a sedimentary-dominated to a volcanic-dominated
regime {or vice versa) with intermittent gquiescent periods.

Unit 4 includes fine to medium-grained, light-coloured dacite porphyry as
well as localized outcrops of quartzite and meta-arkose. Plagioclase and
hornblende partially replaced by chlorite are the most common phenocrysts
occurring in the porphyry, whose matrix consists of X-feldspar,
plagioclase, quartz, and accessory apatite and pyrite. Due to
deformation and alteration, it is not possible to determine whether the
dacite porphyry is an intrusive sill or a lava flow. Scattered
occurrences of medium~grained, well-bedded guartzite and arkose may be
large blocks of unassimilated country rock within the porphyry.

Sulphides found along fractures in rocks of unit 4 are dominated by
pyrite.

Unit 5 consists of medium to coarse~grained metadiorite with a
fine-~grained chilled margin wvarying from 1 to 100 metres wide. Gneissic
banding is best exhibited along the finer grained contact margin in which
darker hornblende-bjotite bands up to 2 centimetres thick alternate with
lighter coloured feldspathic bands of similar thickness. The grain sgize
of the metadiorite increases toward the southeast and metamorphic
foliation defined by subaligned biotite and poor gneissic banding is well
exhibited, even in the coarsest portion of the intrusive body, which is
southeast of the study area. In addition to plagioclase, hornblende,
biotite, and accessory quartz, chlorite, and opagques, manganese-rich
garnet is also common. Arsenopyrite, pyrite, and pyrrhotite are among
the more common sulphide minerals in this unit.

Both bedding and schistosity in these units generally trend north-south.
In the western half of the study area they are subvertical, whereas in
the eastern portion they show gentle, generally westerly dips. The
distribution pattern of the rock units suggests cross-folding with
initial north-south-trending, tightly folded rocks affected by a later,
open east-west-trending fold. A north-south-trending fault is also
suspected in the centre of the area (¥ig. 3), causing some repetition of
the units. The way-up of these units is uncertain, so their relative age
is not known. However, based on intrusive relaticnships, it is evident
that units 4 and 5 are younger than units 1 through 3.

GEOCHEMISTRY AND METAMORPHIC PETROLOGY

Table 1 summarizes the major element geochemistry of 18 selected samples
collected from the property. Relevant data are also plotted on the ACF
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TABLE 1
MAJOR ELEMENT GEOCHEMISTRY OF SELECTED SAMPLES FROM THE THLLICUM GOLD PROPERTY

Field Noc. Description $10p Al0y K0 Naz0 Ti0; Mg0 Fex0y Cel MnQ  Total
B-Td4-4A metadiorite 59,00 17.66 2,97 4,16 0,81 1,81 5.64 6,43 0,23 938,71
8-14-48 motadiorite 59,96 17,58 2,44 4,07 0,84 1,62 5.61 5.56 0,17 97,85
(chillaed phase) ’
8=15-7 metadiorite 51,43 18,57 3,52 3,72 0,61 1,16 6.09 4,66 0,16 99,92
8-15~12 matadiorite 60,13 17,51 3,26 4,21 Q,78 1,54 5.41 6,08 Q0,14 99,06
8-13-1 metabasalt 47,71 13,63 1,63 2,24 0,82 9,22 11,44 12,34 0,20 99,24
B=14-8 blorite-hornblende 52,02 17,74 3,82 1,17 0,92 4,75 10,50 B,11 0,29 99,32
schist/metabasalt
8=15=5 horntelsed basalt 47,65 16,48 4,31 1,52 0,95 6,50 11.60 7,77 0,64 97,40
B-16=1 hornfelsed basalt 49,69 16,93 3,45 2,80 1,06 6,11 11,64 6,39 0,35 98,42
B-16-8 metabasalt 46,45 14,23 3,7 1,75 0,88 6,44 12,00 10,79 0,28 96,49
B~13-4 argillite 60,64 15,5 3,95 2.64 0,67 3,01 8,62 3,09 0,13 98,30
8=16-19 graphitic argillite 58,47 15,85 1,88 2,36 0,85 1,88 3.72 5,31 0,16 90,48
8=17=6 hornfelsic argillite 55,83 16,55 3,58 2,42 0,79 3,74 9,21 4,98 0,22 97,32
8=-16-4 mota-arkose 63,5 16,99 5,00 0,89 0,55 1,33 4,15 4,89 0,13 97,49
8~-16~20 meta«~graywacke 60,75 17.25 3.48 4,09 0,70 1,81 5,21 3,98 0,15 97,42
8-16~21 muscovite phyllite 65,38 17,35 5,44 0,36 0,5 1,30 5,14 0.83 0,13 96,55
8-13-7 caic=silicate schist 55,29 16,15 4,92 1,31 0,97 3,36 8,8% 6,8 0,26 97,99
8=-14=74 calc~sillcate schist 50,57 15.87 5,%!' 0,47 0,8% 5,17 10.88 8,49 0,32 98,13
H=5 calc=silicate skarn 47,14 12,13 3,18 0.52 0.81 8,16 11,42 13,14 0,90 97,41
(massive)

*Total iron expressed as Fep0z

diagram {Fig. 4) which shows the compositional fields of various volcanic
metasedimentary material, as well as the prograde and retrograde mineral
assemblages observed in these and other samples collected {rom the study
area. When plotted on an A'FK diagram, most of these rocks fall on or
close to the FK joint with a concentration near the composition of
biotite. The only exception is a highly sericitized dacite, which lies
along the muscovite-bliotite joint toward the composition of muscovite.
The high potassium content accounts for the absence of pure
aluminum-silicate phases, while the stabilization of micas probably
hinders the crystallization of staurolite and chloritoid. Nevertheless,
the prograde mineral asgemblages are cowmpatible with an
almandine-staurolite facies of regional metamorphism, whereas the
retrograde assemblages indicate the albite-epidote-chlorite-actinolite
subfacies of greenschist metamorphism.

The metamorphic history of the area is complex. It was generally assumed
that the hornfelsic texture so evident in many argillites, particularly
those in the vicinity of the Meoney Pit, was due to the intrusion of the
Goatcanyon-Halifax Creeks stock (for example, Kwong and Addie, 1982).
flowever, with recognition of the metadiorite and more detailed mapping
and examination of drill cores during the summer of 1983, a more complex
picture is evident. Spatially, hornfelsic argillites, with the exception
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of those characterized by abundant zoisite, correlate more closely with
the metadiorite than with the younger stock. &as well, textural evidence
supports the hypothesis that an early generation of hornfels formed
during intrusion of the diorite. Contact metamorphism of carbonate
lensesg, pockets, and bands produced a diocpside-dominated rock, randomly
oriented fine~grained bhiotite grew in the argillaceous sediments, and
hornblende in some metabasalt was recrystallized to actinolite. Turing
subsequent regional wetamorphism, recrystallization in these partially
dehydrated rocks was generally less pervasive than elsewhere and the
effects of structural deformation are more obvious. The most prominent
effects were development of subaligned micas and growth of accessory
manganese-rich garnets in the finer grained rocks, and the development of
poor banding in the diorite. The conversion of carhonates to
calc-gilicates involves a reduction in volume and any incipient porosity
produced during the early hornfelsing was probably accentuated by
structural deformation during the regional wetamorphism. This probably
accounts for the brecciated texture of calc-~silicate pockets in the Money
Pit.

During iuntrusion of the Goatcanyon-Halifax Creeks stock, a third period
of recrystallization was initiated. Diopside in the calc-gilicate bodies
was replaced by tremoclite, calcite, and guartz; a second generation of
actinolite grew in the metabasalt; and along microfractures in the
metasedimentary rocks, amphibole, biotite, garnet, and plagloclase were
replaced by chlorite, a new biotite, and zoisite. Sulphides were also
modified; pyrrhotite was replaced by marcasite and arsenopyrite was
introduced. If the intrusion of the Goatcanyon-Halifax Creeks stock
occurred after the stratigraphic succession was uplifted or partially
uplifted, then the effects of this second contact wmetamorphism would be
very difficult, if not impossible, to distingquish from those of
retrograde metamorphism except in the immediate vicinity of the
intrusion. Tt is likely that retrogressive reactions were enhanced by
this younger intrusion, which provided heat and a ready scurce for
reactive fluid. In short, a three-stage model of modification of the
rocks in the study area explains the observed textures and field data
better than the two-stage model proposed earlier (Kwong and Addie,
1982},

PRECIOUS METAL AND SULPHIDE MINERALIZATION

Within the mapped area, gold is the main commodity of interest. it
occurs essentially in its native state as fracture-filling material. It
commonly occurs in veinlets and as discontinuous trains of tiny blebs
(less than 0.1 millimetre in diameter) along microfactures in various
rock types; rarely it occurs as impregnations and stringers up to 0.5
centimetre in width in brecciated calec-silicate rock and quartzite, and,
to a lesser degree, semi-pelite. From polished section studies, it is
evident that the deposition of gold covered a rather wide range of
temperatures. Plate I shows native gold associated with pyrrhotite,
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Plate I, Native gold (Au), pyrrhotite (Po), and sphalerite ($p), with
or without tetrahedrite, fill Yhe interstitial spaces between
tremolite crystals and partially resorbed, rounded grains of
diopslide, (Specimen collected from the Money Plit).

Plate 1l. Native gold (Au) Is assoclated with marcasite (ma) and locally
pyrite (py} that have almost completely replaced pyrrhotite
{Fo}., (Specimen collected from the Helno Pit by G, 5. Addle),.



sphalerite, and possibly tetrahedrite filling the interstitial spaces
between tremolite crystals and partly resorbed, rounded diopside grains.
More rarely, gold lies along cleavage planes in the amphibole. At higher
magnification, sphalerite shows exgsolved trains of pyrrhotite and
chalcopyrite, suggesting a moderately high temperature of deposition of
the original sphalerite solid solution; a temperature of 350 50 degrees
Celsius for the precipitation of gold is compatible with the observed
mineral associations. Plate IT shows blebs of gold associated with
marcasite which forms under low temperature {probably <250 degrees
Celsiusg) acidic conditions. Plate IIT shows a discontinuous train of
blebs of native gold crossing pyrrhotite and pyrite. The temperature of
deposition of this gold is uncertain but is probably low (<150 degrees
Celsius ?) because the gold postdates all other minerals observed in the
section. Rarely, gold also occurs as globules up to 1 millimestre in
diameter along weathered surfaces of some semi~pelites in the wicinity of
Heine Pit. Its shape suggests that this gold is pseudomorphing goethite
with which it is closely associated. Apparently, during oxidation of
iron sulphides to goethite, gold associated with the sulphides
agglomerates and remalns fixed in situ rather than belng removed.

Hence, secondary dispersal of the precious metal during weathering is
probably minimal in this area.

Plate 11, Late-stage native gold {(au) forms a discontinucus +raln of
blebs along a fracture that cuts pyrrhotite (Po) and pyrite
(pyl. (Specimen collected from the vicinity of the Helno
Pit by G, G, Addie},
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Mineralization alsoc deposited sphalerite, galena, pyrrhotite, pyrite,
marcasite, arsencopyrite, chalcopyrite, and tetrahedrite (?). Pyrrhotite
and, to a lesser degree, pyrite are the most common disseminated
sulphides in all rock units except the metabasalt. Pyrrhotite also
occurs with sphalerite and galena as impregnations in locally brecciated
rocks. Tetrahedrite (?) occurs mainly as a minor phase associated with
impregnations of sulphides with or without gold. Chalcopyrite, another
minor phase, occurs mainly as veinlets and exsolved lamellae in
sphalerite. Arsenopyrite occurs rarely in the metadiorite but is locally
abundant in the metasedimentary rocks. It postdates pyrrhotite, pyrite
{except along late fractures), sphalerite, and galena hut does not
replace them. In contrast, marcasite is solely a replacement product of
pyrrhotite. Upon weathering, arsenopyrite is locally altered to
scorodite, while native sulphur is a frequent alteration product of
marcasite. Other prominent weathering products observed in shear zones
of the gold=-rich Money Pit include goethite, hydrozincite, hemimorphite,
gypsum, and calcite.

Besides mineralogy and modes of occurrence of the ore minerals, the most
important parameter for establishing a genetic model for the gold
mineralizaiton is the distribution of identified gold-~bearing zones. As
is evident from Figure 2, nearly all the proven gold zones are roughly
north-south trending, although locally offset by later minor faults. 1In
addition, they are not limited to a particular lithology but transect all
rock types. Therefore, notwithstanding the possibility that there might
be a lithological contrel on the primary distribution of the ore
elements, their final concentration is more likely structurally
controlled.

DISCUSSION AND CONCLUSION

To date, lithological similarity has been the main c¢riterion employed in
making regional correlations of rocks in the Tillicum Mountain area with
those elsewhere. There is some controversy regarding the assignment of
the metasedimentary rocks and the fringing patch of amphibolite
(metabasalt). Thus, Little {1960) assigned the metasedimentary rocks to
the Slocan Group (Triassic to Lower Jurassic) and the metabasalts to the
Rossland Group (Lower Jurassic), whereas Hyndman (1968) assigned them to
the Milford Group [Pennsylvanian (?) to Triassic] and the Xaslo Group
{(Triassic), respectively. The present study confirms a significant
igneous component in the country rock assemblage. Moreover, it is shown
that the transition between the metasedimentary rocks, which are often
tuffaceous in appearance, and the metabasalt is gradual. The author
believes that the entire rock assemblage in the area belong ko the Kaslo
Group since they show remarkable similarity to the rocks described by
Cairnes {1934, pp. 43-48).

Any model for the gold mineralization has to account for the following

observations: [(a) gold cccurs mainly as fracture f£illings; (b) its
distribution appears to be primarily structurally controlled; (¢) its
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deposition covers a wide temperature range; and {d) at some stage of the
mineralization, the process involved an acidic solution which also
provided a source of sulphur for various sulphidation reactions resulting
in the formation of arsenopyrite and marcasite. Furthermore, the
location of the gold-rich Money-Heino gzone with respect to the
silver-gold occurrences in Arnie Flats to the south and the silver-
dominated Silver Queen mine to the southeast (Fig. 2) indicate that the
gold/silver ratio increases northwestward, roughly in accordance with a
decreasing grade of regional metamorphism. A model consisting of the
following stages is proposed:

(1) Intrusion of a dioritic laccolith into Triassic sedimentary,
volcanic, and volcaniclastic rocks with the production of a first
generation of hornfels and intyoduction of incipient porosity into
carbonate-rich layers as a result of devolatilization reactions. At
this stage, pyrrhotite is the stable form of iron sulphide adjacent
to the intrusion.

(2} Regional metamorphism during Jurassic time of the
igneous-sedimentary package producing prograde staurolite-almandine
facies assemblages; the associated regional deformation gave rise to
a metamorphic foliation. The incipient porosity in the
calc-silicate-rich layers was accentuated and metamorphic
differentiation resulted in remohilization of finely dispersed gold
in the direction of decreasing temperature gradient.

(3) Intrusion of the Goatcanyon-Halifax Creeks stock in Late Jurassic or
Early Cretaceous time with associated structural deformation led to
a third episode of recrystallization. This modified former
metamorphic fabrics and was accompanied by gold mineralization.
Presumably acidic hydrothermal solutions emanating from the stock,
which may or may not contain additional gold, mobilized the gold and
redeposition occurred along favourable sites. The initial
deposition occurred in response to pH changes when the solution
reacted with calc-silicate assemblages; the temperature was high
enough that pyrrhotite remained the prevalent iron sulphide species.
Later deposition, however, was caused by a decrease in temperature
and the mineralization took place in other host rocks. The
introduction of arsenopyrite followed by the replacement of
pyrrhotite by wmarcasite are part of the same mineralization process
but occurred at lower temperatures.

In conclusion, gold mineralization observed in the Tillicur. Mountain
property is mainly epigenetic and mesothermal with the temperature of
deposition extending to a lower regime during cooling of the
Goatcanyon-Halifax Creeks stock. Whereas the scurce of gold remainsg
uncertain, there is evidence of metamorphic differentiation affecting
gold/silver ratio in the country rocks so that at least part of the
precious metal may represent remcobilized material concentrated in a
convection cell set up by the Jurassic/Cretaceous Goatcanyon-Halifax
Creeks gstock. Thus, lower grade rocks around the southern and
southeastern marginsg of the stock are favourable sites for gold
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mineralization whereas higher grade rocks toward Snow Creek are more
likely hosts for silver mineralization. TFurthermore, if the rock
agsemblage in the Tillicum Mountain area belongs to the Kaslo series as
suggested, then similar rocks along the northwestern corner of the stock
may be favourable targets for further exploration.
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By G. E. Ray
Ministry of Energy, Mines and Petroleum Resources

and

J. McClintock and W. Roberts
Esperanza Explorations Ltd.

INTRODUCTION

The Tillicum Mountain gold-silver property lies approximately 13
kilometres east of Burton and 30 kilometres south of Nakuso in
southeastern British Columbia (Fig. 5). Publications relevant to this
area include those by Cairnes (1934), Little {(1960), Hyndman (1968},
Parrish (1981}, Kwong and Addie {1982), Roberts and McClintock (1984},
McClintock and Roberts (1984), and Kwong (this volume).

Current exploration was initiated in 1980 after visible gold was
discovered in the area by two local prospectors, Elaine and Arnold
Gugstafson. In 1982 Egperanza Explorations Ltd. and La Teko Resources
Ltd. concluded a joint venture agreement to assess the property; a
1.5-million dollar exploration program of soil sampling, trenching, and
drilling was completed in 1983. Seven prominent gold-bearing, skarn-like
zones were outlined, namely the Heino-Money, Bast Ridge, Jenny, 950,
Grizzly, South Slope, and Ridge Road zones., 1In addition, extensive
silver geochemical soil anomalies were discovered in the vicinity of the
defunct Silver Queen mine and over the 'Silver Jack' zone o¢n Arnies
Flats, approximately 2 kilometres southeast and 1.5 kilometres southwest
of Tillicum Mountain respectively (Fig. 5). The 1983 drill program on
the Heino-Money zone, situated 200 metres north of Tillicum Mountain,
outlined a 1 to 7-metre~thick gold-bearing skarn horizon with a strike
length of 150 metres and a depth of 60 metres. This zone currently
comprises a 36 000-tonne orebody grading 20.5 grams gold per tonne
(Roberts and McClintock, 1984).

During 1984, work by Esperanza Explorations Ltd. included driving a
60-metre adit into the upper part of the Heino-Money zone for both
exploration and bulk sampling purposes. In addition, approximately 4
kilometres of new roads were constructed to the Silver Queen mine and
Silver Jack areas, and the collapsed Silver Queen mine adit was reopened,
sampled, and mapped by company geoclogists. Twelve drill holes were put
down in the Silver Queen mine area, and the Silver Jack zone (Fig. 5) was
trenched and mapped.

During the summer of 1984, the Geological Branch of the British Columbia
Ministry of Energy, Mines and Petroleum Resources, in cooperation with
Esperanza Explorations Ltd., completed a three-week geological mapping
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Figure 5. Simplifled geology of the Tillicum-Grey Woif Mountains area.




and sampling program in the area. This work involved mapping, at

1:5000 scale, a 25-square kilometre area in the Tillicum Mountain-Grey
Wolf Mountain-Hailstorm Peak area (Fig. 5)}. Two drill holes intersecting
the gold-rich Heino-Money zone (hole T™ 82-16}) and the silver-rich Silver
Queen mine zone (hole 850 84-10) were systematically sampled. These core
samples will be analysed for their major and trace elemeni: contents to
determine whether any element zoning patterns or enrichment halos are
associated with the mineralization. In addition, a suite of
anmineralized mafic metavolcanic rocks and economically important
feldspar porphyry sills were sampled; these will be subjiected to whole
rock analysigs. Samples of some impure limestone beds in the Silver Dueen
mine vicinity will be analysed for microfossils.

REGIONAL GECLOGY

The rocks hosting gold-silver mineralization in the Tillicum Mountain
area lie within the easterly trending Nemo Lakes belt (Parrish, 1981), a
S-kilometre-wide roof pendant largely comprising a sequence of
metasedimentary and metavolcanic rocks. To the north and west (Fig. 5),
the belt is intruded by the Goatcanyon-Halifax Creeks stock of Jurassic
and/or Cretaceous age {Hyndman, 1968), while to the south it is invaded
by the Nemo Lakes quartz monzonite gtock of Eocene age (Parrish, 1981).
The Goatcanyon-Halifax Creeks stock is also largely of gquartz monzonite
composition (Hyndman, 1268); however, near Tillicum Mountain
contamination by wmafic volcanic rocks of the belt resulted in the local
formation of hybrid quartz diorite and mafic diorite zones within the
stock.

Supracrustal rocks of the Nemo Lake belt in the Tillicum Mountain-Grey
Wolf Mountain-Hailstorm Peak area (Fig. %) are dominated by metamorphosed
siltstone, calcareous siltstone, arkose, and wacke, with lesser amounts
of mafic volcanic rvock, tuff, argillite, and some impure carbonate
layers. The age, stratigraphy, and structure of the supracrustal rocks
is uncertain. Little (1960) ineluded them in the Triassic to Early
Jurassic (?) Slocan Group. However, Hyndman {1968) split the section,
placing the basic volcanic rocks on the northern slopes of Tillicum
Mountain (Fig. 5) into the Triassic Kaslo Group, and the remaining
metasedimentary rocks into the Pennsylvanian to Triassic Milford Group.

The supracrustal rocks have undergone a post—Early Jurassic phase of
regional metamorphism and folding (Hyndman, 1968; Parrish, 1981) that
predates the Middle to Late Jurassic intrusion of the granitoid stocks
{Read and Wheeler, 1976). This event resulted in sillimanite grade
metamorphism throughout most of the Wemo Takes belt (Parrish, 1981);
however, the grade was lower around Tillicum Mountain and resulted in the
formation of biotite-muscovite-chlorite and amphibole. TIn addition to
the regional metamorphism, the rocks have locally been subjected to at
least two episodes of contact metamorphism. The first either preceded or
accompanied the regional deformation and is associated with swarms of
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feldspar porphyry sills that may be spatially and genetically related to
some of the gold-gilver mineralization in the district. The second
hornfelsing postdates the regional deformation and is related to
intrusion of the large granitoid stocks. The area also contains swarms
of late lamprophyre dykes that cut both the supracrustal rocks and the
Goatcanyon-Halifax Creeks stock.

GEOLOGY OF THE TILLICUM MOUNTAIN AREA

The simplified geology of the area between Tillicum Mountain, Arnies
Flats, Grey Wolf Mountain, and Hailstorm Peak is shown on Figure 5. The
northern part of the area is underlain by coarse-grained plutonic rocks
of the Goatcanyon-Halifax Creeks stock; the southern portion is largely
occupied by a highly deformed seguence of metasedimentary rocks. A small
area of mafic metavolcanlc rocks occupies an embayment adjacent to the
Goatcanyon-Halifax Creeks stock, immediately north of Tillicum Mountain
{Fig. 5}.

GOATCANYON-HALIFAX CREEKS STOCK (UNIT H)

This stock, which is Jurassic and/or Cretaceous in age {Hyndman, 1968),
is largely of gquartz monzonite composition {unit H1). It generally
containg between 3 and 10 per cent mafic minerals which mainly comprisge
bictite with sporadic hornblende. Southwest of Londonderry Creek

(FPig. %), the stock includes a 200 to 700-metre-wide, northesrly trending
zone of highly mafic diorite and guartz diorite (unit H2) containing
between 15 and 80 per cent hornblende. This rock probably represents
hybridized country rock in the stock since the unit lies on strike with a
belt of mafic volcanic rocks that underlies the northern slopes of
Tillicum Mountain. In thin section phenocrysts of hornblende up to 0.5
centimetre in length are observed; these contain pale brown cores and
dark green margins. Minor amounts of chloritized, deformed biotite are
present, and the unaltered, fresh matrix largely comprises hornblende and
plagioclase (Anjzg_g2). Minor to trace amounts of gquartz, epidote,
sphene, apatite, and carbonate are also present.

The third rock type identified within the Goatcanyon~Halifax Creeks stock
is a distinctive, porphyritic biotite-hornblende granodiorite (unit H3)
that contains up to 15 per cent mafic minerals; the rock is characterized
by feldspar phenocrysts up te 2 centimetres in diameter. This unit
occurs along the margins of the stock east of Londonderry Creek and north
of Hailstorm Peak (Fig. 5). 3an 80-metre-wide dyke of this unit also
intrudes metasedimentary rocks immediately south of Hailstorm Peak

(Fig. 5).

The margins of the stock generally show no decrease in grain size, but
immediately east of Londonderry Creek, the marginal phase of the quartz
monzonite contains abundant xenoliths. The contact with the country rock
is generally poorly exposed and is locally faulted. WNorth of Hailstorm
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Peak, however, a clear intrusive relationship is seen; dykes, sills, and
stringers of xenolith-bearing, biotite granodiorite becom:z wmore numerous,
and the hornfelsing increases as the main stock is approached. Country
rocks adjacent to the stock are recrystallized and often silicified, and
many of the calcareous metasedimentary rocks have undergone weak skarn
alteration. Screens and xenoliths are generally rave in the stock, but
some relatively large, apparently fault-bounded units of country rock
ocour west of Arnies Flats, northwest of Hailstorm Peak, and west of
Tilliecum Mountain (¥ig. 5). These areas are poorly exposed but contain
abundant float of highly hornfelsed, granitized metasedimentary rocks
derived from arkosic and calcarecus sediments.

METAVOLCANIC ROCKS (UNIT V)

This unit comprises an interlayered, highly deformed sequence of
metamorphosed basalt, mafic tuff, and volcanic breccia, tcgether with
some argillite. Tt is largely confined to an area northwest of Tillicum
Mountain where it forms an arcuate, apparently folded unit over 500
mektres in outcrop width. Minor amountsg of mafic volcanice rock
immediately adijacent to the faulted margin of the Goatcanyon-Halifax
Creeks stock, southwest of the Silver Jack mineral zone (Fig. 5), may
represent part of this unit.

The metabasalts are massive to weakly layered to schistose; they comprise
hornblende and calcic plagioclase with lesser amounts of biotite,
chlorite, tremolite-actinolite, and carbonate. Some flows are
characterized by flow brecciated margins and deformed, feldspar-filled
amygdales up to 0.5 centimetre in diameter. The tuffs and coarse
volcaniclastic rocks locally contain coarse hornblende crystals that can
exceed 1,5 centimetres in diameter, and in most cases the clasts are
highly deformed and stretched.

A few, thin mafic volcanic flows are present within the main
metasedimentary sequence throughout the district. Two of these flows are
seen north and northwest of the Silver Queen mine adit and each is
traceable for over 300 metres along strike (Fig. 5}. Both display
amydaloidal tops (?) on their northwestern margins; they may form part of
a single flow that has been displaced by faulting.

METASEDIMENTARY ROCKS

Metasedimentary rocks underlie most of the southern and southeastern part
of the area (Fig. 5)}. They comprise an interfolded, interlayered
succession of mainly siltstone, arkose, and wacke with local
calec~silicate-rich layers. Rare, thin beds of deolomitic limestone,
marble, and impure guartzite are locally developed; the calcareous
siltstone (unit Sc¢) and calcareous arkose (unit Mc) beds contain variable
amounts of calc-gilicate minerals. Argillites are relatively rare in the
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sequence; most outcrop north of Tillicum Mountain where they are
intimately associated with the mafic volcanic and volcaniclastic rocks
{unit V). The slaty argillities (unit A) are generally very poorly
bedded; they consist mainly of chlorite, biotite, guartz, feldspar, and
tremolite with variable amounts of pyrite. Some argillites contain thin,
discontinuocus beds of siltstone and calc-silicate rock.

No marker horizons are recongized in the metasedimentary rocks. This,
together with rapid lateral and vertical changes in lithology and the
complex deformation, makes it difficult to outline lithological
boundaries between the various metasedimentary vock units. Despite the
deformation and metamorphism, however, sedimentary structures, including
graded bedding, are locally preserved.

The siltstones (unit %) are massive to well-bedded, fine to medium-
grained rocks that gemerally contain biotite, sericite, and chlorite
totalling more than 8 per cent by volume. The arkoses (unit M) are
generally leucocratic, feldspathic rocks that vary from massive to poorly
bedded to weakly schistose. These generally carry biotite and sericite
totalling less than B8 per cent by volume. Turbiditic wackes (unit W) are
well developed in the vicinity of Grey Wolf Mountain where they display
graded bedding, rare crossbedding, and some slump structures. The
cal¢=silicate-rich sedimentary rocks are often massive, medium to coarse
grained, and recrystallized. However, remnant bedding is locally
preserved, together with coarse clastic horizons that may represent
reworked volcaniclastic material. The calc-silicate-rich rocks contain
tremolite-~actinolite, clinozoigite, epidote, carbonate, and some
diopside.

In a few localities, the supracrustal sequence contains thin beds of
dolomitic limestone and marble (unit L}, and impure quartzite {unit Q)
that are interbedded with either wacke or siltstone. Individual beds
seldom exceed 1 metre in thickness and many measure less than 3
centimetres, Coarse-grained, recrystallized, and deformed dolomitic
marble beds crop out west and southwest of Grey Wolf Mountain, and some
skarn~altered, mineralized calcareous horizons and marble beds are seen
in the vicinity of the defunct Silver Queen mine (Fig. 5}.

LESSER INTRUSIVE RQOCKS

These are divisible intc four main suites, namely: feldspar porphyries
(unit P} that have been affected by the regional deformation and
metamorphism; grancodiorite sills (unit H1) that are related to the
Goatcanyon~Halifax Creeks stock; aplitic dykes that cut the stock and
probably represent a late phase of its intrusion; and swarms of late
stage lamprophyre dykes that appear to be the youngest intrusions in the
district. ©Due to their small dimensions the aplites and lamprophyres are
not shown on Figure 5.
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The feldspar porphyries (unit P), which occur as sill-like bodies wvarying
from 1 to over 100 metres in width, tend to concentrate in swarms. They
may have economic significance because the skarn alteration and
mineralization in both the Heino-Money zone and the Silver Queen mine
area are spatially, and possihly genetically, related to these sills.
Originally, company geologists considered these rocks to represent felsic
volcanic €lows, hut vrare crosscutbting intrusive features and xenoliths
are seen, and the 3ills are widely distributed throughout the district.
These rocks are generally of diorite to quartz diorite composition; they
are leucocratic and are characterized by abundant plagioclase phenocrysts
up to 1 centimetre in diameter. Biotite generally forms less than 10 per
cent by ¢olume and is the commonest and most widespread mafic mineral;
however, some rarer, more mafic sills contain appreciable guantities of
hornblende.

Igneous textures and euhedral feldspar phenocrystals are seen in the
central portions of the larger sills but the margins are often schistose
with highly flattened feldspar crystals. In thin section the margins of
the oligoclase phenocrysts are often recrystallized, being rimmed with
small crystals of fresh untwinned plagioclase. In many areas this
recrystallization process is complete and the phenocrysts are
pseudomorphed by a mosaic of small plagioclase crystals, each less than
0.1 millimetre in diameter. The fine-grained matrix mainly comprises
plagioclase and random to subaligned flakes of biotite; there are minor
to trace amounts of guartz, hornblende, chleorite, and sulphides. Country
rocks immediately adjacent to the feldspar porphyry sills are often
weakly hornfelsed, and at many localities throughout the district the
sills are spatially associated with calc=-silicate skarn alteration which
is geochemically anomalous in gold and silver.

Granodiorite to quartz monzonite sills and dykes (unit H1) related to the
Goatcanyon-Halifax Creeks stock are up to 50 metres thick; most are found
within 300 metres of the main stock margin. They are generally
leucocratic and locally contain abundant xenoliths of country rock. Most
sills are biotite bearing, but southwest of the Silver Jack zone (Fig. 5)
one 200-metre-long sill contains up to 25 per cent hornblende and
bictite.

Aplite or alaskite dykes and sills, mostly less than 2 metres wide, are
common in the area; they cut both the Goatcanyon-Halifax Creeks stock and
the surrounding country rocks. The leucocratic sills have sharp margins
and are white to grey in colour. Some bodieg contain round quartz
phenocrysts up to 3 millimetres in diametesr; a few of the lLarger dykes
also contain some biotite and hornblende phenocrysts. These rocks appear
to represent a late phase of the Goatcanyon-Halifax Creeks stock.

Lamprophyre dykes up to 15 metres in width are common in the district.
They have sharp wmargins and generally occur in gwarms that follow
pre-existing, northerly to northeasterly trending fault zores. 1In
outcrop they form dark, medium to coarse-grained, massively textured
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STRUCTURAL HISTORY OF THE TILLICUM MOUNTAIN AREA
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lamprophyre dyke swarms. Following intrusion of these dykes, this fault
set was reactivated to produce fault breccias containing angular clasts
of lamprophyre and country rock set in a matrix of white, wvuggy,
crystalline quartz. Some movement along this northerly trending Fault
system is post-Eocene in age, because faults of this set cut the Nemo
Lakes stock {Parish, 1981).

A less important, southeast to south-southeasterly trending fault set
occurs weskt of the Silver Queen mine, while west of Arnies Flats (Fig. 5)
an east-northeast-striking zone of intense faulting is seen. This
follows, in part, the margin of the Goatcanyon-Halifax Creeks stock and
appears to contrel the Silver Jack mineralization.

TABLE 1
HISTORY OF EVENTS IN THE TILL {CUM MOUNTAIN AREA
(8) Reactivation of northerly trending faults.

(7) Intrusion of lamprophyre dykes along pre—existing, north-south to
northeast=trending fauvlts.

(6} Intrusion of aplite sills and dykes.
(53 Intrusfon of the Goatcanyon-Halifax Creeks stock with widespread

hornfelsing along margins. Possible remobllization of some
gold=silver mineralization as seen at the Silver lack zone.

(43 DZ reqional open to tight folding of schistose supracrustal
rocks.
{3 D! regional tight to isocliinal folding together with regional

upper greenschist to amphibolite facies metamorphlism. This was
accompanied by the Intruston of the feldspar porphyry stllis.
tocal hornfelsing, skarn formation, and introduction of
gold=s{iver mineralization at the Heino-Money and Silver Queen
mine zones.

12y Deposition of the mainly sedimentary seguence of arkose,
siltstone, turbiditic wacke, and marls with rare mafic vcilcanic
flows.

) Basaltic volcanism end deposltion of volcaniclastic rocks and

arglllites,

MINERALIZATION IN THE TILLICUM MOUNTAIN AREA

The gold-silver mineralization in the district can be broadly separated
into two types, namely:

(1) Gold and/or silver mineralization within skarn alteration that has a
spatial, and possibly genetic, relationship to some feldspar
porphyry sills (unit P) in the area. This type, whichk is widespread
throughout the district, is best represented by the Heino-lMoney zone
and mineralization at the Silver Queen mine.



LEGEND
LAMPROPHYRE DYKES
@ FELDSPAS PORPHYRY

E METASEDIMENTARY ROCKS ARGILLITES, TUFFACEQUS
ARGILLITES, AND MINQR BASIC VOLCANIC ROCKS

\ METABASALTIC ROCKS AND MINQR TUFFS

N @] soo-ricH scann

SYMBOLE

g / FAULT
. ‘ DIF AND STRIKE
‘ OF BEDDING
5 s \‘ DI AND STRIKE
i A/ OF CLEAVAGE SCHISTOSITY
J LIMITS OF MapPING
i
N
Py
~ 2

20

metres

80

—
BO!

60

GEQLOGY BY W.HOBERTS B J. McCLINTOCK

Figure &, Geclogy of the Helno-Money zone,

44




(2) Silver-gold mineralization within a siliceous and potassium~rich
shear zone that shows no skarn development and is apparently
unrelated to the feldspar porphyry sitlls. The Silver Jack
mineralization, which is still wvery poorly understood, is the only
example of this type identified in the area.

These two types of mineralization are described as follows:

SKARN-RELATED MINERALIZATION

At numerous localities throughout the Tillicum Mountain area, the margins
of some feldspar porphyry sills, and the immediately adjacent country
vock, are overprinted with skarn alteration that often carries
geochemically anomalous amounts of gold and/or silver. These skarns are
divisible into gold-rich and silver-~rich types as represented
regpectively by the Heino-Money and Silver Queen mine mineralization.

At the Helno-Money zone the gold-bearing, siliceous, calc-silicate skarn
alteration is stratabound; it is mainly hosted in a thin, wedge-shaped
package of andesitic tuff and tuffacecus sediment which is bounded to the
west by metabasalts and to the east by a large altered feldspar porphyry
body (Fig. 6)+. The skarn is characterized by a pinkish green colour, and
is generally well layered with subparallel, thin, guartz veins and
variable amounts of sulphides. The skarn assemblage includes quartz,
tremolite~actinolite, clinozoisite, plagioclase, diopside, biotite,
garnet, and microcline with minor amounts of sericite and carbonat=.

Free gold occurs as fine to coarse disseminations and fracture fillings
within and along the walls of quartz and sulphide impregnations; it is
often associated with pyrrhotite, pyrite, galena, and sphalerite (Roberts
and McClintock, 1984).

4 polished section study of the Heino-Money mineralization {Northcote,
1983) indicated that individual gold grains range from less than 0.0025
millimetre to over several millimetres in diameter. The gold cccurs as
plates and anhedral grains which are generally free, but are also
intimately associated with pyrrhotite, arsencopyrite, sphalerite, and
pyrite-marcasite, Some pyrrhotite grains are vimmed with colloform
pyrite~marcasite, while others contain small masses of hematite and
graphitic material. MNorthcote (1983) also reports minor to trace amounts
of tetrahedrite, chalcopyrite, and possible electrum.

The Silver Queen mine properxty was active in the 1930's, hut reportedly
work terminated after a spring avalanche closed the adit and caused the
death of some miners. Intrusion of feldspar porphyry sills into a 30~
metre—-wide zone of impure calcareous metasedimentary rocks and thin
marble beds was accompanied by stratabound skarn development. Two
mineralized horizons up to 10 metres thick are recognized; mineralization
and skarn alteration is found in both the altered marbhles and the
adjacent feldspar porphyry sills. However, mineralization differs from
the Heino-Money zone in that it is silver dominant and gold is generally
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absent. The skarn assemblage includes guartz, tremolite-actinolite,
clinozoisite, garnet, biotite, and carbonate with minor amounts of
epidote and gphene. BAnhedral garnet crystals up to 1 millimetre in
diameter have clear margins bat abundant inclusions in their cores. In
some ilnstances the garneh cores have overgrown and c¢learly preserved a
biotite schistosity. Mineralization is traceable for 300 metres along
strike and grades from 3 to 240 grams sllver per tonne; gold is generally
not detectable, Sulphides identified include pyrite, pyrrhotite,
tetrahedrite, sphalerite, galena, and pyrargyrite.

SHEAR-RELATED MINERALIZATION

The only known example of shear-related mineralization is the Silver Jack
zone on Arnies Flats, approximately 1.5 kilometres southwest of Tillicum
Mountain {Fig. 5). The area is poorly exposed; the showing was
discovered during follow-up work on a spectacular silver geochemical soil
anomaly. Mineralization, which includes fine pyrite, sphalerite, rare
chalcopyrite, and traces of molybdenite, extends for more than 300 metres
along strike and averages 6 metres in width. It appears to occupy and
follow a prominent east-southeast-trending shear zone that is guartz and
potassium feldspar rich. This shear follows, in part, the margin of the
Goatcanyon-Halifax Creeks stock and also cuts arkoses and siltstones in
the sedimentary sequence. The zone averages 170 grams silver per tonne
and 0.7 gram gold per tonne (McClintock and Roberts, 1984}.

CONCLUSIONS

The Tillicum Mountain area contains a highly deformed supracrustal
assemblage which is tentatively divisible into an older mafic
volcanic~volecaniclastic segquence and a younger sedimentary sequence;
there is no evidence that these are separated by either a structural
hreak or unconformity. On lithological grounds the sedimentary rocks are
correlated with the Slocan Group, while the older volcanic-argillite
package are correlated with either the Slocan or Kalso Groups (Fig. 5).

The regional structural deformation involved an early D1 period of large
scale, isoclinal folding with considerable shearing and attenuation along
the hinge zones. Two hornfelsing episodes are recognized; the earliest
is related to the intrusion of the feldspar porphyry sills (unit P),
while the second was more widespread, postdates the regional deformation,
and is associated with emplacement of the Goatcanyon-Halifax Creeks
stock.

Most of the gold and/or silver mineralization in the district is
associated with skarn development which is spatially, and possibly
genetically, related to the intrusion of the feldspar porphyry sills.
Garnets in the gkarn alteration at the Silver Queasn mine overgrow a
pre—-existing biotite schistosity; this suggests that the foliated,
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deformed feldspar porphyry sills were intruded sometime during the D1
regional folding. Thus the skarn-related mineralization, like the D1
structural event, is probably post-Early and pre-Late Jurassic in age.

The skarns are divigible into gold-rich and silver-rich types, as seen
regpectively at the Heino-Money and Silver Queen mine zones. It is
uncertain whether these two types are synchronous and reflect a district
scale gold-silver zoning, or whether they indicate two or more
generations of mineralization. A third type of gold-silver
mineralization is present at the Silver Jack zone. This is not related
to skarns but is hosted in a silicified shear zone; the age and source of
the Silver Jack mineralization are unknown.

ACKNOWLEDGMENTS

The authors wish to thank J. S. Brock of Esperanza Explorations Ltd. for
permission to publish this data. Useful discussions with R. R. Parish of
the Geological Survey of Canada are acknowledged, and thanks are
expressed to M., Fournler for his competent and cheerful assistance in the
field.

REFERENCES

Cairnes, C. E. {1934): Slocan Mining Camp, British Columbia, Geol.
Surv., Canada, Mem. 173.

Hyndman, D. W. (1968): Petrology and Structure of Nakusp Map-area,
British Columbia, Geol. Surv., Canada, Bull. 161, 95 pp.

Xwong, Y.T.J. and Addie, G. G. {1982): Tillicum Mountain 30ld Prospect,
8.C. Ministry of Energy, Mines & Pet. Res., Geological
Flieldwork, 1981, Paper 1982-1, pp. 38-45,

Little, H. W. (1960): Nelson Map-area, West Half, British Columbia,
Geol. Surv., Canada, Mem. 308.

McClintock, J. and Roberts, W. (1984}): Tillicum Gold~silver Property,
C.I .M., Ninth District 6 Meeting, Paper 7-1, Kamloops, Oct.
24-27, 1984.

Northcote, K. E. {1983): Petrography and Mineralography of the Tillicum
Mountain Gold Porperty, Vancouver Petrographics Ltd., unpub.
rept., Jan. 1983, pp. 19.

Parrish, R. R. (1981): Geology of the Wemo Lakes Belt, Northern Valhalla
Range, Southeast British Columbia, Cdn. Jour. Earth Sci.,
Vol. 18, pp. 944-954%.

Read, P. B. and Wheeler, J. 0. (1976): Lardeau West-half, Geol.
Surv., Canada, Open File Map 432.

Roberts, W. and McClintock, J. (1984}: The Tillicum Gold Property,
Western Miner, Vol. 57, No. 4, pp. 29-31.

47



*ABAUNS |SB) |B|4Usi00-4]0S USEN Jea||g-ezuededsy

*; oanb) 4
- Coc ¢ savow ILIZLHYND SnE3uvaTva B9 §+ PS
.
109WAS INIYMAIRD [ Pg 4 SIY1IW
p—eey
FTIYHS / INOLSLS SNogHvaIva | 5 oz o 0
9 (AW) LT0AITYIA 00L— < 3INOLSANYS SNOIHYIIVD (D3I
. (AW) LI0AIT I 00Z— « QIUBAK ILIHOID / AHAHIHGE TLIHGIQ \
.
INOZ GIZIIVHINIW yf SINAQ Iirdv . §D
- L1
TvHs  YG SINAGQ NAVAVHLIN / IHAHICHIWY T M o
A
[+EDER]

NOSTOHDIN 3DHO3D /31QAY 3DHO3D A8 48 \

Ti7 SINIW HIYON IWODTIM AB SI ADOT0AD 1Y (310N

V' 67 By uoi/zoz L e ]
Lo L

+

#’.J/’Vuﬁ z..u:mn

.
.
. 1

. 8 %
e - PS -5l
A = et -
s ao\ﬂo ... \\\L
\\ - ° .
V. e o ML L1l ONOT NISG.6b 1Y £1/428 1
e oAt L) . . s

48



British Columbia Geological Survey
Geological Fieldwork 1984

SELF-POTENTIAL TESTS AT THE
SILVER QUEEN PROSPECT NEAR TILLICUM MOUNTAIN AND THE
HAILSTORM MOUNTAIN GOLD PROSPECT
(B2F)

By G. G+ Addie

INTRODUCTION

Tillicum Mountain is 13 kilometres east of Burton and has a good truck
road acesg via Caribou Creek. The Silver Queen zone occurs on Grey Wolf
Mountain which is a further 2 kilometres southeast from Tillicum
Mountain. While the Caribou Nos. 3 and 4 claims are only 3 kilometres
east of Tillicum Mountain (or 1.5 kilometres northeast of the Silver
Queen zone), access is5 via a logging road along Shannon Creek which
starts 3 kilometres south of Hills. The road ends at the headwaters of
Caribou Creek. A new cat road continues 1 kilometre to the workings.

The Silver Queen zone is part of the Tillicum Mountain project operated
by Esperanza Explorations Ltd., a company that helds an option to acquire
100 per cent ownership of this 6 000~hectare property.

The Caribou Nos. 3 and 4 claims are wholly owned by Alex Strebchuck of
Hills.

GENERAL GEOLOGY

All the geological information at the Silver Queen zone has been provided
by Mr. J. McClintock of Welcome North Mines Ltd., and on the Caribou
claims by Mr. T. R. Stokes.

Both areas are underlain by the Milford Group (Pennsylvanian to

Triassic ?; Hyndman, 1968) sedimentary rocks which include a diorite
porphyry. Both have been subjected to regional metamorphism believed to
predate the Cretaceous Goatcanyon-Halifax Creeks stocks. At the Caribou
claims this porphyry is described as 'light grey-brown syenite porphyry.’
These units have been intruded by the plutonic rocks follcwed by

small aplite-alaskite dykes, ultramafic dykes, and lamprophyre dykes.
Younger faults {(of unknown age) are mapped in the Silver Queen area, but
have not been mapped at the Caribou prospect to date.

The gold and silver mineralization is believed to be associated with tcthe
'sill-like' porphyries because of their spatial relationships, and in
some cases because of the development of gkarn minerals. While the
Caribou claim geclogy is approximately on strike with the Silver Queen
zone, it should be pointed out that Assessment Report 11141 (Smith, 1983)
indicates a considerable zone of silver mineralization (61 metres)
approximately 500 metres north of the Caribou claims.

49


ldegroot
1984


SYMBOLS

50

Geology after T, R, Stokes.

TRENCH g
BT o
CONTRCT PROGABLE —
200 MILLIVOLT O
100 MILLIVOLT O
2/ GRID LINES
la -
-
2 .
P
[y
la
-
<2 2 G0
la 9 60/20/ y
“Na
Za a
2,20 AOJS() ozzf'ron e /60/}/ lag, v [y
U ovar Zm
o \/ o 35/ %—CT'\ &/ l\
= - praar! | l
P / /? \ !
T4
2,2a 1 kT3 1 r‘\ - \ !
.- B' * dl e 1 I n /
o lle ' S/ ) z I s
~"2a CT5—s 2V 7 Q v
o= 1 - : o !
e a "~ . ¢ e \
2y N [9 J
la . - | ' J
3 e \ ’/ I
- T \ ¢ \
—~ /I \ /
UTm 2 J \ ]
452100 ’, "’
o e v \ i
///u, - \
5536500 -~ \ !
Ve !
o 25150 785 - 2 P )
METRES P <
LEGEND
WHITE GRANITIC TO APLITIC PQRPHYRY
FLOW
LIGHT GREY/BADWN SYENITIC PORPHYAY
FLOW WITH COARSE ALBITE PHENOCRYSTS,
WEAKLY QOXIDIZED AND LIMONITE S5TAINED
- (OCCASIONAL ALIGNMENT OF MICA AND
~ FELOSPAR]
~ i
ek S savess DS A s SRS
-~
A Ay Pb Zn
ollen oifor ot gttt S LT, oM R TeATe S
T D2 253 16 231 -~ SURFACES, LIMONITE STAINED
<T2 gaz - .
<ra C.034 754 1866 043 < E LIGHT GREY OXIGIZED SKARN WITH VISIBLE
CcT4 00a 3.07 Q¥8 095 ACTINOLITE NEEDLES
C 0008 & -
v e E BLACK GRAPHITIC ARGHILLITE, WELL FOLI-
ATED
Figure 8, Self~potentlal road traverse of Caribou Nos, 3 and 4 claims,




SELF~POTENTIAL (S.P.) TESTS

Past work at Tillicum Mountain has indicated long, continuous
self-potential {S.P.)} ancmalies, some of which have been associated with
mineral zones (for example, the Money pit and the Jennie zone). The
following S.P. tests were conducted to further understanding of the
cauges of these anomalies, and at the same time to train new prospectors
in this technique of exploration.

SILVER QUEEN SILVER ZONE

A 'long wire' (200 metres) prospecting method was used on the road
crossing the Silver Queen mineral zone (Fig. 7). Although the survey was
not closed, strong anomalies were identified in the footwall area,
described as 'calcareocus siltstone/shale.' This unit was also observed
to contain graphite, which is probably the cause of some of the
anomalies. ©On the other hand, one S.P. anomaly was right over the
mineral zone, which assays 3.65 ounces gilver per ton and is in a
calcareous quartzite unit. Other S.P. anomalies in 'calcareous sgandstone
and calcareous guartzite' remain to be explained.

HAILSTORM MOUNTAIN

At this property (Fig. 8) gold particles have been obtained by panning
the soil. A cat road has been made to reach these locations, and float
from the last switchback assayed 1 ounce gold per ton. A bedrock sample
at the same location, across 2 metres, was taken by Mr. J. McClintock for
Esperanza; it assayed 0.156 ounce gold per ton. While doing an S.P. test
on the cat road, a graphite shear zone containing caleite and galena and
bearing north 40 degrees east-32 degrees west was noted. Some of the
sediments also contaln graphite.

A ’'short wire' method was used in the S.P. test. Three strong anomalies
of less than =200 millivolt were located, but the most interesting values

are in the -100 to -200 millivolt range; these indicate a linear anomaly;
the cause i1s not known.

RECOMMENDATIONS

SILVER QUEEN ZONE

The calcareous siltstone/shale unit (Cs) in the footwall area of the
mineral zone apparently contains graphite. OQutcrops in areas with S.P.
anomalies should be assayed to determine if any preclous metals are
present. If so, further S.P. surveys should be carried out.
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CARIBOU CLAIMS

Geological mapping along the cat road is required to explain the 3.P.
anomalies located by this survey. If bedrock is present at these
locations, it should be assayed for gold and silver.

CONCLUSION

Self-potential tests at the Silver Queen and Hailstorm Mountain prospects
were successful in obtaining S.P. anomalies, most of which are thought to
be due to the presence of graphite., All should be checked by assaying
available outcrops for precious metals. If the results are positive,
further S$.P. surveys would be warranted.
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British Columbia Geological Survey
Geological Fieldwork 1984

STRUCTURAL MODELLING OF PARTS OF THE
NORTHERN DOMINION COAL BLOCK (PARCEL 73), SOUTHEASTERN BRITISH COLUMBIA
(82G/10)

By D. A. Grieve and W, E. Kilby

INTRODUCTION

The Dominion Coal Block consists of two parcels of land owned by the
tederal Government in the Crowsnest Coalfield, or Fernie Rasin, of
southeastern British Columbia. Although these 20 235 hectares were not
conveyed to the Federal Government until 1905, their acquisition was
guaranteed in the Crows West Pass Act of 1897 (Ollerenshaw, 1981).
their creation was intimately related to the original development of the
Crowsnest Pass area and its abundant coal deposits.

Thus
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Restrictions on development of coal resources within the block were
contained in the Act. For example, any coal produced was to be sold for
not more than $2.00 per short ton. The recent passing of the Western
Grain Transportation Act (B1ll C-155) removed this anachrcnistic
condition, and thus removed a major obstacle to development of the
block.

Parcel 73 is the more northerly of the two parcels (Fig. 9), and at

2 023.5 hectares is also the smaller. It lies at the south end of
Sparwood Ridge and north end of Hosmer Ridge, 10 kilometres south of
Sparwood. Elevations range from 1 380 to 2 280 metres; local relief is
as extreme as anywhere in the Crowsnest Coalfield. It is surrounded by
Freehold ceoal lands held by Westar Mining Ltd.

Provincial coal licences on Parcel 73 were held at one time by Kaiser
Resources Ltd. (now Westar Mining); later these were revoked. Kaiser
Resources carried out exploration between 1969 and 1971, including
geological surveys, eight rotary drill holes, twelve adits, and two test
pits.

A geological investigation involving both the British Columbia Ministry
of Energy, Mines and Petroleum Resources and the Geological Survey of
Canada was carried out in 1975 and 1976 (Ollerenshaw, 1977; 0Ollerenshaw,
et al., 1977). One product of this work was a 1:10 (000-scale

geological map plotted on an orthophoto base (Ollerenshaw, et al.,

1977). This map was used as the basis for computer modelling of portions
of Parcel 73 as described in this report. A minor amount of fieldwork

was carried out in 1984 to supplement results of the earlier
investigation.

This study focuses on the portion of Parcel 73 which appears to have
potential as an open-pit mine. This area is located on Lookout Hill,
named for an abandoned Forestry lookout tower (Fig. 10).

STRATIGRAPHY

Economic coal seams of southeastern British Columbia are contained in the
non-marine Mist Mountain Formation of the Jurassic-Cretacecus Kootenay
Group. The Mist Mount Formation conformably overlies Morrissey Formation
sandstone, and is overlain by clastic sedimentary rocks and thin coal
seams of the Elk Formation.

Parcel 73 is underlain not only by all three formations of the Xootenay
Group, but also by the underlying Fernie Group and overlying Blairmore
Group (Fig. 10}.

Approximately 490 metres of the Mist Mountain Formaticn are preserved on
Hosmer Ridge (Fig. 10}; the uppermost 100 metres were ercded. The
thickness of Mist Mountain Formation rocks on Lookout Hill is less than
200 metres.
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The section exposed on Hosmer Ridge contains in excess of 45 metres of
¢oal in six zones. The most prominent cecal zone, dubbed the 'Lookout
gseam' by Ollerenshaw (1977), lies near the base of the section. It
constitutes the bulk of potentially economic coal resources throughout
the study area, particularly on Lookout Hill (Fig. 10). At the position
of the measured section it consists of 19 metres of coal in three
distinct benches that are separated by interbedded coal and shale

(Fig. 11); all occur within 35 metres of section.

A prominent sandstone, which overlies the Lookout seam by an average of
10 metres, was named the 'Lookout sandstone' by Ollerenshaw (1977). It
forms a dip-slope cap on Lookout Hill, where it has protected the Lookout
seam from erosion.

STRUCTURE

The study area lies on the western limb of the Fernie Basin, a complex
gynclinorium. This porticon of the basin is affected by a series of
imbricate, southwest-dipping thrust faults and splays (Fig. 10). The
major faults are named, from top to bottom, the Saddle, Watal Tookout,
and Dominion thrusts.

From an economic point of view the Natal Lookout thrust is the most
significant. TIts trace divides Parcel 73 into two distinct areas, and,
in the hangingwall, coal seams of the Mist Mountain Formation lie in
close proximity to the surface on Lookout Hill and Hosmer Ridge

{Fig. 12}).

Movement on the Saddle thrust was documented by Ollerenshaw, et

al., (1977); its displacement is minor and it has not been included in
any of the analysis that follow. Coal seams line up very well across the
Saddle thrust (Fig. 12). The structure of the strata above the Natal
Lookout thrust is best described ag monoclinal and with mean orientation
of 182/13.5 (DIP-DIRECTION/DIP). Data from the whole area suggests a
regional fold axis orientation of 165/12 (TREND/Plunge)}. Examination of
the map data (Ollerenshaw, et al., 1977) shows that the Natal

Logkout and Saddle thrust have similar orientation, about 216/17
(DIP-DIRECTION/DIP).

COAL RANK DISTRIBUTION

Coal rank, expressed as ﬁo max or maximum vitrinite reflectance in oil,
was determined on 15 samples. Values for samples corresponding to the
basal part of the measured section are shown on Figure 11. They range
from 1.16 per cent for the seam immediately overlying the Marrissey
Formation, to 1.06 per cent for the upper bench of the Lookout seam.
Seams higher in the section on Hosmer Ridge have reflectance values
ranging from 1.04 to 0.92 per cent {not shown on section since sample
sites did not correspond with the section location).
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The division between ASTM rank categories high-volatile bituminous and
medium-veolatile bituminous is in the vicinity of 1.1 per cent ﬁomax.
Thus the Lookout seam at the location of the measured section falls near
the boundary between high and medium-volatile rank as determined
petrographically; the upper seams on Hosmer Ridge are all of
high-volatile rank. Actual volatile matter contents of the Lookout seam
may be somewhat lower than expected from these results, because seamns
from the lower part of the Mist Mountain Formation have relatively high
inertinite content (Camercn, 1972}.

Within the study area the rank of the Lookout seam appears to decrease
toward the northeast and increase toward the southwest. FPor example,
reflectance of a sample of the Loockout seam from the north spur of
Lookout Hill is 0.91 per cent, while the hasal seam in the Mist Mountain
Formation at a point 650 metres south of the southwest corner of Parcel
73 has a reflectance of 1.26 per cent. In the latter case the Lookout
seam might reasonably be expected to have a reflectance in the
neighbourhood of 1.2 per cent. The difference in elevaticn between these
two points is approximately 770 metres, suggesting that the contrast is
at least partly due to down=dip rank increases, as was noted to be the
case at several other locations in the Crowsnest Coalfield (Pearson and
Grieve, in press). This change in rank with elevation (0.038 per
cent/100 metres) is, in fact, only slightly higher than that established
at Coal Creek, 15 kilometres to the south, for purely down-dip rank
increase {(0.035 per cent/100 metres).

The relatively low rank of coals above the Dominion thrust fault compared
with those of adjacent areas was noted by Pearson and Grieve (in press).
The Balmer seam, which lies at approximately the same stratigraphic
position as the Lookout seam on Sparwood Ridge;, has reflectance values of
approximately 1.4 per cent. The lower rank of coals within the study
area makes them attractive under present market conditions.

DEPOSIT MODEL

Calculation of coal resources contained in the MNorthern Dominion Coal
Block was one of the main objectives of this study. To this end a
computer deposit model was constructed. Given the appropriate software,
computer deposit models are easier to construct and evaluate than those
made by traditional manual deposit analysis techniques involving maltiple
plans and sections. A computer deposit model also has the advantage of
being readily available to answer a wide variety of questions about the
deposit. This deposit is areally small and, on the basis of the data
available, geclogically straightforward.

Equipment used for modelling consisted of a KAYPRO II portable
micro-computer, an EPSON MX-80 printer, and a ROLAND DXY¥-800 plotter.

All equipment is portable and relatively inexpensive; the total cost of
all hardware is less than $4500. Software used was the GRID HANDLER
wodule of the GEOLOGICAL ANALYSIS PACKAGE, designed by Cal Data TLtd., and
on loan to the Ministry.
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The computer model produced consisted of a series of digital surfaces,
each defining a specific parameter of the deposit, such as topography and
seam position. ®ach digital surface is in the form of a grid that covers
the study area; the value of the desired parameter is determined and
stored for the centre position of each grid square. By numerically
overlaying various grids, calculations such as overburden ratios and
tonnages can be made.

The selected grid outline, which is shown on Figure 10, covers only the
area of the coal block containing the Natal Lookout thrusk sheet. The
grid is 2.9 kilometres in an east-west direction and 3.7 kilometres in a
north-socuth direction. A grid spacing of 100 by 100 metres was selacted
because it provided reasonable resoclution of the depogit features.
Available data did not warrant a finer grid and a larger grid spacing
would have insufficient resolution to provide an accurate assessment of
the resource potential of the property.

Digitial surfaces were calculated by a variety of methods. The
topographic grid was obtained by hand digitizing an enlarged

1:50 000-scale topographic map with 100-foot contours. A network of
points corresponding to the centres of the grid squares were superimposed
on this map. The elevations from each point were manually interpolated
from surrounding contour lines and the data entered and stored in the
appropriate format in the computer.

Coal seam structure contour surfaces were obtained by a down-plunge
projection technique similar to the method described in Gold, et

al. (1981). The positions of seam outcrops and borehole

intersections, if available, were projected parallel to strike lines or
the fold-axis orientation onto the computer screen. The projection
direction was interactively adjusted until the best projection direction
was determined. This best projection direction was the orientation which
superimposed widely spaced data from the same horizon in a form that was
geologically acceptable to the examiner. Upon obtaining a satisfactory
projection direction, all seam data are plotted onto a section oriented
normal to the projection direction (see SECTION - A Micro-computer
Program, this volume). The profile was then geologically interpreted;
that is, the trace of each seam was drawn on the profile. The trace was
then digitized by hand and the data input into a program which projected
the trace parallel to the projection direction over the model area and
calculated the elevation of the surface at each of the grid centres. 1In
cases such as the Lookout and No. 8 seams, where two seams are
stratigraphically very close together, the lower seam position was
calculated by subtracting the stratigraphic interval bhetween the two
seams from the structure contour grid calculated for the upper seam in
each pair. 1In this manner six seam surfaces were defined: No. 3, No. 6,
¥No. 8 upper, Neo. 8 lower, Lookout upper, and Lookout lower.

Once the positions of the seams were established, the seam structure
contour grids were then compared with the topographic grid. Where the
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seam elevations were greater than the topographic elevations, the
relevant grid positions were flagged, trimmed, so as not to be used in
future calculations. As a check on the accuracy of the method, the seam
outcrop trace obtained by this method was compared with the same trace
observed on the geological map. In places discrepancies of up to 300
metres, three grid squares in map view, were pregent. Therefore the seam
structure contour grid was modified so the model seam outcrop trace
matched the observed trace. The most likely cause of these discrepancies
was the poor topographic control. Figure 13a contains iscmetric displays
of the upper Lookeout seam structure contour grid after trimming at the
outcrop. Each square is 100 metres on a side. Figure 13b is an
igometric view of the difference between the topographic grid and the
upper Lookout seam structure contour grid - an illustration of the cover
on this seam.

Several interpretation assumptions were built into the modal, usually due
to a lack of data:

{1) The Saddle thrust was not incorporated in the model because at the
resolution of the model its effect on the geology was
insignificant.

(2) The Lookout seams were assumed continuous in the northeast and
southwest portions of the model even though complications were
apparent from the published geoclogy map. 1In both cases faulting was
indicated and the seams were not represented on the published map
(Ollerenshaw, et al., 19277}, but in both areas the seam would
be present but with some displacement due to the faulting. Thus the
total coal calculation would appear similar in any case.

{3) All seams were considered £o be of a uniform thickness, the
thickness values used were those obtained from the measured section
{Fig. 11).

{4) It was assumed that the coal seam positions could bhe described by a
line moving parallel to the projection direction, 115/0, and joining
all known outcrops of a seam. The projection direction 4id not
correspond with the fold-axig orientation for the area, but with the
data available the chosen direction proved te most accurately
describe the known position of the seams. The ccal seam positions
will require modification when additional information from the
interior of the deposit become available.

{3) The coal was assumed to be of a constant specific gravity in each
seam and across the deposit. No information was available to allow
assessment of this assumption.

(6} Wo dilution or recovery factors were assumed, all calculations were
strictly on an in-place basis.

The model contains seven digital surfaces; the topographic grid, and the
surface elevation grids of six coal seams. A seam thickness is known for
each seam and a specific gravity value can be estimated. With this
information nearly all resource assessment guestions are answerable.
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Table 1 contains a tabulation of the volumes and tonnages of coal

determined for each of the six seams.

Also noted on the left side of the

table are the amounts that these totals would fluctuate if the seam
thickness varied by 10 centimetres or if one grid square were included or

excluded from the calculations.
resource of greater than 75 million tonnes is
several small seams and seams whose positions
present are excluded from these calculations.
of waste rock to ceoal ratio for each seam, as

As seen from these calculations, a total
estimated to be in place;
are not well understcod at
Table 2 contains a summary

well as the cumulative

waste to cocal ratios for the whole deposit starting with the uppermost

seam and working downward.

Thus if the whole deposit were to be mined to

the level of the lower Lookout seam, the overall mining ratio would be
4,7:1 {BCM:tonne);

be moved.

389 million cubic metres of waste rock would have to

Figqure 14 contains map displays of these mining ratios in a
cumulative fashion from the upper to lower seam.

It is obvious from

these maps and Figqure 13 that there is a considerable amount of low
mining ratio ¢oal in the north and east portions of the deposit.

TABLE
POTENTIAL COAL RESOURCES ON PARCEL 73

Area (sg. m} Thickness Range t Range *
Seam {x 10 GO0} metreos $5.6. Tonnes /10 cm /grid sg.
No, 3 7 6.1 1.32 563 640 9 240 B0 520
No. 6 19 1.5 1,32 285 000 25 080 19 800
No., 8 upper 41 4 1.32 2 164 800 54 120 52 800
No, 8 lower 41 7.3 1.32 3 950 760 54 120 96 360
Lookaut (V) 277 9,754 1.32 35 664 525 365 640 128 752
Lookout (L) 277 2,14 1.32 33 419 496 265 640 120 648
76 048 221
TABLE 2
tNDIVIDUAL AND CUMULATLIVE WASTE-COAL RATLOS
Total Coal Total Waste Cumuiative

Seam (Tonnes) (BCM) Ratio Ratio

No, 3 563 640 760 502 135 1.35

No., 6 285 000 5 082 400 17.83 5.5

No. B upper 2 164 800 29 752 400 13.74 9,67

No. B lower 3 950 760 33 001 700 8,35 4.4

Lockout (U) 35 664 525 306 976 000 8,61 7,08

Lookaut (L) 33 419 496 389 799 000 11.66 4,7
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CONCLUSION

The Northern Dominion Coal Block, Parcel 73, contains significant coal
resources. Greater than 75 million tonnes of ipn situ coa.l are

extractable by open pit methods at a mining ratio of less than 5:1. Coal

rank is medium to high-volatile bituminous with Rgymax values in the
1.16 to 0.91 per cent range. The deposit is ideally situated with
respect to all required infrastructure.
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MINERAL DEPOSITS IN THE BIRK CREEK AREA: AN INTRODUCTION TO A
METALLOGENIC STUDY OF THE ADAMS PLATEAU-CLEARWATER AREAR,
(82M)

By F. Goutier and C. 1. Godwin
Department of Geological Sciences, University of British Columbia

and

Te Hby
Ministry of Energy, Mines and Petroleum Resources

INTRODUCTION

Mineral deposits in the Adams Lake-Clearwater area, centred 35 kilometres
northeast of Kamlocops, were studied during July and August, 1984 by the
senior author. This project is part of a regicnal metallogenic study by
Hoy and is the basis for a detailed examination of mineral deposits and
galena-lead isotopes in the area.

Thirty-two mineral occurrences were visited and sampled and a number were
mapped. This work, the descriptions and the classification scheme of
Preto and Dickie (1984), and the regional geoclogy of Schiarizza, et

al. (1984) form the basis for the data in Table 1. The ocourrenceas

are classified asg: wvein, stratiform, disseminated, polymef:allic
volocanogenic (Kuroko}, basic volcanogenic ('Cyprus'}, replacement, or of
unknown origin. They occur mainly in rocks of the Fagle Bay Formation.
These rocks include limestone, phyllite, siliceocus.schist, sericitic
gschist, and chloritic schist; many of the schists appear to be volcanic
in origin. Galena-lead isotope analyses on deposits listed in Table 1
should more clearly define ages of some of the deposits and host rocks,
and allow a better interpretation of the tectonic and metallogenic
evolution for deposits and rocks in the Ragle Bay Formation.

The deposits and occurrences studied are located on Figure 15, a
generalized geological map from Schiarizza, et al., (1984). Some
deposits have readily available published descriptions (feor example,
Rexspar; Preto, 1978} but for most, assessment reports are the hest
source of information. The Birk Creek area is described in the
following; the occurrences are of particular interest because they are
demonstrably stratabound. Locally they contain significant
concentrations of pyrite with chalcopyrite, sphalerite, and galena.
Other deposits in the table will be described later.

BIRK CREEK AREA
INTRODUCTION

The Birk Creek area, 3 kilometres west of North Barriere Take, is
accessible from the main logging road to North Barriere Lake which
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TABLE 1

DATA FOR DEPOSITS STUDIED IN THE ADAMS PLATEAU AREA

MAP NO, DEPOSIT NAME
03 CHU CHUA

04 ENARG I TE

05 FOGHORN

06 AGATE BAY

07 BECA {TOM)

08 BIRK CREEK

09 BROKEN RIDGE
10 HARPER CREEK
1 HOMESTAKE

12 FORTUNA

13 JOE (GLEN)

14 LYDIA

15 REA GOLD

16 REXPAR

17 ART

18 LUCKY COON

19 TWIN MOUNTAIN
20 BOWLER CREEK
21 JUNE (KAJUN)
22 B.C, (ZINC 1)
23 ELSIE

24 KING TUT

25 MOSQUITO KING
26 PET

27 SPAR {FLUDRINE)
28 Wit TE ROCK

29 GRIZZLY

30 BET

31 RED TOP

32 FLUKE (SAUL)
33-37 ORELL 1=5

38 UTAH PROSPECT

LAT N

51,38
51.35
51,54
51,08
51.05
51.53
51.35
51.34
51,11
51.01
51,37
51,52
51,13
51,57
51,10
51,07
51.13
51,01
51.26
51.01
51,07
51.07
51,06
571.09
51,06
51,30
51.29
51.29
51.64
51,06
51.04
51,10

Yunits are described In Table 2

voue - volcanogenic, STB - stratabound, S5TF- stratiform, DIS ~ disseminated, REPL - replacement

LONG W

120,07
119,99
119,93
119,75
119. 71
119,90
119,88
119,85
119,83
119,71
119,93
119,94
119,81
119,90
119,95
119.60
119,80
119,48
119,80
119,52
119,60
119,60
118,52
119,53
119,54
119,91
119,76
119,74
119,86
119,25
119,51
119,30

untr!

UFE
EBP|
EBFq
EBAa
EBAa
EBAa
EBAa
EBGAa
EBAa
EBAa
EBAa
EBAa
EBAfT
EBAt
EBSa
EBG
£B86
£66G
EBGp
EBGs
EBGs
EBGs
EBGs
EBGs
EBGs
EBGt

SoQ

- reported reserves, P - past producer, S = showing

Ay - Mississippian, L - Devonlan and/or Mississipplan, O - Devonian, O ~ Devonlan and/or older,

DEPOSIT TYPEZ

CYPRUS: Cu Zn

VEIN: Pb Ag Cu Zn

VEIN: Ag Pb Zn Au Ag
VEIN: Zn Pb Ag Cu

KUROKO: Tu Pb Zn Au Ag
KUROKD: Pb Zn Cu

STB & DIS: Pb ZIn Cu

STB & DIS: Cu Ph Ag
MASSIVE: Ba Ag Zn Pb Cu Au
UNKNOWN: Cu Pb Zn

YEIN: Pb

MASSIVE: Pb Ag Cu

YOLC: Au Ag Pb Zn Cu
YOLC: U F

UNKNOWN: Pb

STRATIFORM: Ag Pb I+
MASSIVE: Ag Pb Zn Cu Au Ba
ST8 & DiS: Unknown

STF & VEIN: Ag Pb Zn Cu
MASSIVYE: Cu Ag Pb Zn Fe Mo
UNKNOWN: Pb Zn Ag Au
UNKNCWN: Ag Pb Zn Au

STF & REPL: Pb ZN A¢ Cu
UNKNOWN: Pb Zn

STF: Pb Zn Ag Cu Mo Au
UNKNONN: Ag Zn Pb Cu
UNKNOWN

DtS: Cu NI Pb Zn

STF & DIS: Cu Pb Zn Ag Au
REPL: Cu Ag Pb Zn

VEIN & DIS: Pb Zn Cu
VEIN: Zn Pb

E = Lower Cambrlan and/cr Hadrynian (Eocambrian ?), 7 - Unknown

branches north from the road between Barriere and East Barriere Take.
16) are accessible by a trail that follows the
Several properties {Copper Cliff, May,
and Rainbow) occur in the area.
were discovered in the 1920's and are marked by small adits and dumps.
In most cases the original names cannot be assigned unequivocally to

The showings (Fig.

northeast side of Birk Creek.

Anaconda, Lynx, Cc,

individual workings.

From 1938 to 1940,

Bet F

234 tonnes of ores were extracted from the
Anaconda-Iron Cap property (MINFILE No. 082M-067,
gold, 13 500 grams of silver, and 4 810 kilograms of copper were
recovered but only an old dump (Fig.

1984) ;

sTATUS? AGE?

MM NL WMWY TDTTVTDTODTITDWLGWIWDDLN VDO TTDE

6 500 grams of

16) remains from this activity.

W e MM OCO0OCOoOOQAOCoOo D roOeDOoOOoOCDEr T X

These showings
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TABLE 2
HOST UNITS OF MINERAL DEPOSITS EXAMINED IN THE ADAMS PLATEAU AREA

{Symbols In brackets after the age are the codes used In the age column In Tabie 1)

EAGLE BAY FORMATION

MISSISSIPPIAN (M)

EBPI

DEVONIAN

EBFq

DEVONIAN

EBAa

EBDF
DEVONI AN

EBSs

€8G

EBGp

EBGs

EBGT

Limestone In a phylllte, siate, and Interbedded s!litstone, sandstone, and grlt
sequence, The one deposit In this untt (Enarglte) s adjacent to the tower structural
divlston of the Fennell Formatlon (IFu) whlch conslsts of chert, cherty arglllte,
slate, phyliite, metabasalt, gabbro, and dlorlte

AND/OR M{SSIiSSIPPIAN (L)

Cherty quartzlte, adjacent to a feldspathlc phyl!lte unlt (EBFf)}, whlch Is derlved
from Intermedlate to felslc tuff and volcanlic breccla

(D)

Serlcltic phyllite and serlcitle chlorite, quartz phyll!te derlved from Intermedlate
votcanle and volcanlclastlc recks that Include pyritic feldspathlc and coarsely
fragmental varletles; chlorlte schlst occurs locally., Some deposlts In EBAa are
adjacent fto green chiorltic phyl(lfe, sfltstone, IImestone, and quartzlte (EBu} whlich
Is posslbly older than Devonlan

Feldspar porphyry, feidspathlc phyllite, and metavolcanlc breccta
AND/OR OLDER (O}

Phyllt+lc sandstone, grit, phylllte, and quartzlte; locally ilmestone, dolosteone,
green chlorltlc phylllte, and serlcltic quartz phylllite

Calcareous chlor{te schist and fragmental schlst derlved iargely from maflc to
Intermedlate volcanhlc and volcanlclastlc rocks; lesser amounts of |lmestone,
quartzite, and phylilte

Dark grey phylllte, calcarecus phylilte, and lImestone; lesser amounts of
rusty—weathering carbonate-serlclte~-quartz phyl!{ltfe are also assoclated with some of
the deposlts

Grey sltilceous and/or graphltlc phylllte, calcareous phylllte, |lmestone,
calc-sltllcate rock, cherty gquartzlte, and some c¢hlorlte and serlelte-quartz schlst

Tshinakln !1mestone In masslve, ilght grey, flnely crystallline |lImestone and
dolostone

LOWER CAMBRIAN AND/OR HADRYNIAN (E)

500

70

Quartz!te, mlcaceous quartzite, and phylilte; locally, calcareous phyllltic carbonate
and green chiorltic schist



Northwestern Explorations Ltd. drilled and trenched the property from
1952 to 19%3, and Mining Corporation of Canada Ltd. were active in the
area in 1966. Duncannex Resources Ltd. rehabilitated the trenches
daring 1971 and 1972, and in 1976 ¥ennco Explorations (Western) Ltd. and
Cominco Ltd. conducted geochemical surveys in the area.

The mineral occurrences are statiform massive pyrite deposits with minor

chalcopyrite, sphalerite, and galena within a metamorphosed felsic to
intermediate volcanic sequence.

GEQLOGICAL SETTING OF THE BIRK CREEK AREA

The Birk Creek area (Fig. 16) contains less than 5 per cent outcrop, most

of which occurs in cliffs along the creek. The area is underlain by

gericite schist, chlorite schist, black phyllite, and some recrystallized

limestone. The units EBRa (Tables 1 and 2) have been tentatively
assigned a Devonian to Mississippian age (Schiarizza, et al.,
1984). Wo direct ages have been obtained from the area, but dating of

zircons from felsic metavolcanic rocks that occur to the southeast, which

are correlated with those in the Birk Creek area, have yielded ages
between 367 and 379 Ma {Preto, 19871). Mississippian ages were obtained
from conodonts Found in limestone pods (Preto, 1981). Thase wnits have
been regionally metamorphosed to greenschist facles.

A well-developed foliation, locally parallel to bedding, strikes
sast-west and dips variably to the south and north. A superimposed
north-striking, shallow east-dipping crenulation cleavage is pronocunced
in outcrops near the creek (Fig. 17). BAlthough the area is strewn with
quartz monzonite boulders, the nearest known ocubarop of such rocks is in
the Cretaceous Baldy batholith, 2.9% kilometres to the north, Most
mineralization on the property appears to be stratabound and syngenetic
and, consequently, not related to the later Cretaceous intrusion.

Two stratigraphic sections, A-A', B-B', and a longitudinal section D-D°'
crossing the section C-C', are shown on Figures 16, 17, and 18, and are
described in the following paragraphs.

Section A-A'

A cliff section is exposed from an elevation of 970 metres at the creek
to 1 102 metres up section. Tt consists dominantly of quartz-eye
sericite schist (Fig. 17). The strike of foliation varies from 265 to
290 degrees and dips 5 to 20 degrees to the north. The overall minimum
thickness (perpendimmlar ko foliation, which is approximately coincident
with bedding) is 175 metres {Fig. 17); both ends of the section are
covered. At the base of the section the schists contain 15 per cent
quartz and plagioclase phenocrysts {(maximum size, 2 millimetres) in a
gquartz-mascovite-plagioclase matrix. The plagioclase is altered to
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calcite, but up section this alteration is not apparent as the
plagioclase content decreases. Autolithic fragmental units (average
fragment size, 1.5 millimetres) occur leocally.

Disseminated pyrite with an average grain size of 0.5 millimetre
constitutes up to B8 per cent of the rock. Trace amounts of interstitial
chalcopyrite are present in the pyrite. No markedly sulphide=-rich
horizons were observed.

Section B-B'

This section (Figs. 16 and 17) passes close to several old workings.
Exposure is limited to a Few outcrops and the collars of two slumped
adits. A well-developed foliation, parallel to compositional layering,
trends 265 to 275 degrees and dips gently north (5 to 20 degrees).
Observable bedrock is composed of quartz-sericite and chlorite schist
with limonite-altered pyrite-rich layers, and minor laminated black
phyllites. Thin sections of the schists show zones with elongated
fragments (up to 3 millimetres) of polycrystalline quartz grains.

Disseminated pyrite is present throughout much of the section.
Silicified massive pyrite lenses with minor chaleopyrite were observed
within an B-metre section near the old adits. The pyrite is euhedral,
but fragmented, and associated with chalcopyrite which gengrally occurs
at the borders of the pyrite grains. Material observed on a dump in the
immediate area conktains similar mineralization, as well as a few blocks
of vein quartz with blebs of sphalerite and galena. The latter type of
mineralization was not observed in outcrop.

Sections C~C' and D-D'

Sections C-C' and D-D' (Figs. 16 and 18) cross a major showing along a
cliff section on the south side of Birk Creek. Three shori accessible
adits, about ¢ metres long, parallel a major joint direction (012
degrees). Other workings in the immediate vicinity have been flooded by
the creek and are observable when water levels are low (Prato, personal
communication, 1984). An east-west longitudinal section (Fig. 18)
follows Birk Creek and illustrates the distribution of lithologies,
mineralization, and workings.

A recrystallized medium-grained limestone with disseminated guartz grains
and pods of coarsely crystalline white calcite crops out at the east end
of Figure 18. Minor micaceous-rich layers occur in the unit. The
limestone unit is in fault contact with generally contorted, sulphide-
rich sericite gchist to the west.

Sulphides occur as massive pods (up to 1 metre thick), as layers (up to
10 centimetres thick), and as fragments in silicified breccia. Sulphide
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mineralization, exposed in the centre of Figure 18 is composed mainly of
well-formed but disrupted pyrite grains (average size, 2.5 millimetres
across) with minor chalcopyrite in an ankeritic quartz matrix. This unit
iz interpreted ko he a pyrite-silica exhalite.

Quartz-eye gericitic schist (with polycrystalline quartz-eyes up to ©
millimetres across) and carbonaceous gquartz schist make up 20 per cent of
the disturbed zone on Figure 18. Minor malachite stains the schists. 1In
the western part of the section the sulphide horizons, with the same
composition described previously, are well layered {layers are 8
centimetres thick ovar an exposed thickness of 3.5 metres), Atkitudes of
layering and coincident feoliation are the game as those observed in the
limestone.

The upper part of the c¢liff on Figure 18 is sulphide-poor sericite schist
which is not as contorted as the underlying unit. Thus the exposed
sulphide-rich section is about 4.5 metres thick (3 metres true thickness)
from Birk Creek to the contact at the top of the cliff. Scant exposures
north and south of the section on Figqure 18 indicate thabt sericitic
schist is abhundant in the area. One other old working was observed 15
metres south of the cliff section. Dump material from this working
contains traces of sphalerite, galena, and chalcopyrite in a vein-like
quartz gangue. The relationship between the mineralizatior and the host
schists cannot be defined because of poor exposure.

CONCLUSIONS

The three sections presented give an overview of the variety of
lithologies and the general setting of the Birk ireek showings. The
sections cannot be correlated closely but there are at least two
silicified zones containing massive pyrite with minor chalcopyrite in a
gquartz sericite schist host. The sphalerite and galena that occur in
quartz gangue are probably from veins.

In general, the units in section A-A' and B-B' dip tc the northeast,
whereas those in section C=C' and D-D' dip to the southeast. Thase dips
define an east-west-trending antiform. The antiform is probably a late
generation open fold with its axial plane parallel to a pronounced
crenulation cleavage, similar to late structures identified by Preto
(1979). Early, mesoscopic, recumbent isoclinal folds, with axial planes
parallel to the pronounced schistosity, and axes plunging parallel to the
mineral lineation, probahly indicate larger structures which would
control the distribution of the stratiform mineralized zones (Preto,
personal communication, 1984).
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British Columbia Geological Survey
Geological Fieldwork 1984

HILTON MASSIVE SULPHIDE DISCOVERY (REA GOLD),
JOHNSON CREEK-ADAMS LAKE AREA
{82M/4wW)

By G.P.E. White

INTRODUCTION

In October, 1983, prospectors A. Hilton and R. Nicholl, both of Kamloops,
discovered a massive gulphide ghowing in the Adams Plateau area. The
property was optioned to Rea Gold Corporation, and in turn to Corporation
Falconbridge Copper. Work by Falconbridge has identified 120 000
drill-indicated tonnes grading 18.2 grams gold per tonne, 141.2 graws
gilver per tonne, 0.85 per cent copper, 4.11 per cent zing, and 3.67 per
cent lead from two massive sulphide lenses. The deposit i3 not fully
outlined, therefore, additional reserves are considered possible.

The showing, which is on the AR-HN mineral claims, is located 98
kilometres northeast of Kamloops and 3.7 kilometres southwest of the west
end of Johnson Creek, at an elevation of 1 475 metres. Access to the
property is via logging roads one hour distant from the Barriere and
Chase areas.

GENERAL GEOLOGY

The accompanying map (Fig. 19) of the area is underlain by 7 300 metres
of apparent stratigraphic thickness of mafic to felsic volcanic rocks
with intercalated sedimentary horizons. The regicnal gchigtosity strikes
140 degrees and dips 40 degrees to the northeast; the formations are
overturned.

EAGLE BAY FORMATION (MISSISSIPPIAN AND OLDER)

The Bagle Bay Formation in the mapped area has been divided inte two
units by Schiarizza, et al, (1984): a Devonian and/or older mafic
volcanic; and a Devonian and/or Mississippian felsgic volcanic unit.
Regional deformation increases in intensity on the eastern edge of the
mapped area and the original nature of the mafic volcanic rocks is
obscured at these localities.

Devonian (?) and/or Clder (?) (EBG)

The lower unit in the mapped area consists of approximately 4 300 metres
of mafic volcanic rocks; there i3 an increasing amount of intercalated
limestone near the stratigraphic base of the gection in the northeastern
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part of the area. The limestone is white to buff, fine grained, and
crystalline; it often forms prominent hills. The mafic volcanic rocks
are chiefly pillow lavas, agglomerates, flows, and basaltic to andesitic
tuffs. Near the stratigraphic top of this section layers have sharp
contacts and are from 4 to 20 metres thick, During the late stages of
voleanic activity, massive sulphides were deposited, along with pyritized
flows and agglomerate beds which are commonly overlain by andesitic to
basaltic tuff.

Diabagse dykes with pyrite, and pyritic quartz veins were noted at the
Hilton and at the Apex sites (Fig. 20).

Minor, localized depositional hiatuses may exist at the Hilton site
between the mafic volcanic rocks and overlying sedimentary and felsic
volcanie rocks, although no stratigraphic discordance was observed in the
field.

Devonian and/or Mississippian (EBF)

Within the area mapped, this unit consists of approximately 3 000 metres
of strata, of which 60 per cent is felsic volcanic rocks with some
andesite, and 40 per cent is intercalated sedimentary rocks.

At the base, overlying unit EBG, is a sedimentary unit consisting of
graphitic and commonly finely laminated argillite, wacke, conglomerate,
and chert. The contact is locally gradational, commonly faulted, and
perhaps locally disconformable. Soft sediment and slump features occur
in the chert and argillite, which are in contact with andesite or basalt
tuff of the underlying mafic unit.

The felsic wolcanic part of the section consists of rhyolite breccia,
agglomerate and tuff, some andesite agglomerate and breccia, intercalated
argillite, siltstone, wacke, and some impure guartzite, the latter
cropping out in the southwest corner of the area mapped.

The rhyolite units are usually feldspar porphyritic with frequent flow
breccia. Breccia fragments are generally closely packed ard fragments
range up to 25 centimetres in maximum dimension. Andesite is commonly
agglomeratic with sheared, elongated clasts.

HILTON SHOWING

The following descriptions refer to those rock units on the Hilton ground
as seen in drill core, in trenches, and in surface outcrop. The
complexity of the Hilton discovery is apparent in the abrupt
mineralogical and lithoclogical changes visible in trenches over a strike
distance of roughly 300 metres, as well as in the variety of
relationships observed between massive sulphides and overlying strata. A
representative diagrammatic section cof the massive sulphide setting is
presented on Figure 20.
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DARK GREY PHYLLITE AND
SILTSTONE, .,”

* EBG

MINISTRY OF ENERGY. MINES
AND PETROLEUM RESOURCES,
PRELIMINARY MAP 56, 1984
“MEDIUM TO DARK GHREEN CAL—
CAREQUS CHLORITE SCHIST ANO
FRAGMENTAL SCHIST DERIVED
LARGELY FRGM MAFIC TC IN—
TEAMEDIATE VOLCANIC AND
VOLCANIQLASTIC ROCKS LESS—
ER AMOUNTS OF LIMESTONE
AND DOLOSTONE, .."

j

NG SCALE

LEGEND
EAGLE BAY FORMATION

* DEVONIAN AND/OR MISSISSIPPIAN
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Figure 20,

Diagrammatic vertical southeast-northwest section, Hilton-Rea-Fatconbridge area.




The massive sulphides occur in two principal lenses, approximately at the
same stratigraphic horizon; other narrow sulphide bands are usually
present below the main sulphide bodies. The sulphides are hosted in
mafic pyroclastic rocks which have been altered to sericite and chlorite
schist. The schist has ubiquitous pyrite and may contain calcite,
dolomite, and iron-rich magnesite. The sulphides are often underlain by
crackle breccias with 0.5 to 4-centimetre-spaced fractures, commonly
filled with pyrite, or a mixture of pyrite, arsenopyrite, galena,
chalcopyrite, and sphalerite. Within the brecciated section, silicified
argillite and graphitic chert are also present.

The sulphides range from fine grained, massive with a faint breccia
texture, to medium grained and banded. Pyritic chert occurs
stratigraphically above the massive sulphide lenses.

Minerals identified from the Hilton showing by field and laboratory
methods are pyrite, arsenopyrite, sphalerite, galena, chalcopyrite,
tetrahedrite~tennantite, albite, anglesite, jarosite, celsian, cymrite,
barite, chlorite, goethite, and trace amounts of quartz and ilmenite.
Gold has no obvious affinity with any unit; it occurs in the volcanic
rocks, in barite, in the massive sulphides, and even as visible gold in
fault gouge. Barite and silver commonly occur together while zinc, lead,
and copper are generally associated with arsenic (I. Pirie, personal
commanication, 1984).

The ubiquitous pyrite occurs as fine, occasionally subhedral grains in a
cherty matrix, as fine, 2-millimetre-wide stringers that are concordant
with the regional schistosity, and as 3 to 4-millimetre-sized blebs also
in a cherty matrix. Pyrite alsc occurs in 4 to 10-centimetre-long,
rounded to serrate-edged fragments, that consist of agglomerated 1 to
2-millimetre pyrite grains, in a pyritiferous, altered basalt. The
fragments, as well as the pyrite grains in them, are aligned in the plane
of the regional schistosity, Pyrite occurs both above and below the
massive sulphides but appears to be more abundant stratigraphically above
the masgive sulphide. 1In some cases, pyrite constitutes 70 per cent of
the rock across 2 metres of stratigraphic thickness. The pyritiferous,
altered volcanic rocks are up to 15 metres thick in the structural
footwall (stratigraphic hangingwall).

One characteristic of the Hilton discovery is an abrupt change in
mineralogy from trench to trench without apparent structural
displacement. ¥or example, in a trench at the southwest side of the
property massive albite forms an amorphous white mass that measures 2 by
3 metres and underlies the massive sulphides; in the same trench, barite
overlies the sulphides. Chert occurs more frequently in the trenches to
the northwest., Celsian is not present in all trenches, and barite occurs
gither as individual grains or as a 3-metre-thick bed directly overlying
the sulphides. Dolomite forms 1 to 2-centimetre-rounded blebs and veins
in the encompassing altered volcanic rocks or with the sulphides. An
iron-rich magnesite is also present throughout sections of the altered
volcanic rocks as 1 to 2-millimetre-wide orange-coloured veins.
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Emplacement of the massive sulphides at the end of the phase of mafic
volcanic activity was accompanied by silicification, pyrite enrichment,
soda enrichment {massive albite and paragonite), barite deposition
{barite and celsian), and carbonatization {dolomite, iron-rich magnesite,
and calcite). BAs indicated, the mineralogy varies over relatively short
distances at the Hilton site. The brecciation and near total alteration
of the hosting mafic volcanic rocks to sericite and chlorite may indicate
proximity to a vent area from which extrusion of chemically varied fluids
occurred within a relatively short time period.

Strata overlying the massive sulphides are as changeable as the
mineralogy. For example, the massive sulphides are variably overlain by
altered mafic tuff, by a grey tuffaceous mudstone, by barite, by
graphitic argillite, and by 30 centimetres of fault gouge.

Sedimentary rocks overlying the mafic volcanic sequence consist of
argillite, chert, wacke, and conglomerate. The argillite is frequently
graphitic to thinly laminated, and the chert is graphitic with
1-millimetre or thinner, light-coloured bands. The chert is present
close to the contact zone. Crosshedding in argillites and graded beds in
conglomerates indicate tops to the southwest. The wacke and conglomerate
beds have closely packed, rounded Lo subrounded, gquartz and potassium
feldspar grains with sericite, rutile, ankerite, plagioclase, chlorite,
calcite, and paragonite in the matrix. Occasional 5-millimetre, angular
clasts of argillite and occasional 4 to 5-millimetre blebs of pyrite or
chalcopyrite are present in the conglomerate.

SUMMARY

On the Hilton property, an overturned, 450-metre-thick section of altered
mafic volcanic rocks hosts the two massive sulphide lenses. The
mineralization is accompanied by silicification or sericite, chlorite,
and carbonate alteration with ubiquitous pyrite. The stratigraphic
footwall is brecciated volcanic rock, and the hangingwall a sedimentary
sequence that is at least 100 metres thick.

REGIONAL IMPLICATICNS

The contact between the mafic unit (EBG) to the northeast and the mainly
felsic rocks to the southwest (EBF) is considered to be a prime
exploration target. The Hilton deposit lies near the stratigraphic top
of the mafic unit (EBG)} which is commonly marked by closely packed,
agglomerated fine-grained pyrite fragments in a sericite and
chlorite-rich altered basalt matrix. These pyrite-enriched volcanic
horizons are believed to represent the end phase of volcanic activity in
the mafic volecanic unit and thus mark the gtratigraphic position at which
massive sulphides might have been deposited. Therefore intensely altered
mafic veolcanic rocks, particularly where brecciated and pyritic, are
guides to exploration for similar deposits.
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CARBONATITES AND RELATED ROCKS IN BRITISH COLUMBIA
(82L, 83D, 931, 93N)

By J. Pell
Post~doctorate Fellow, University of British Columbia

INTRODUCTION

Carbonatites are ultramafic igneous rocks composed of more than 50 per
cent carbonate minerals. They may contain gsignificant ameunts of
olivine, magnetite, pyroxene, sodic amphibole, biotite, vermiculite,
apatite, columbite, zircon, and pyrochlore. Carbonatites have been
prospected the world over bhecause they are commercial sources of niobium
{(from columbite and pyrochlore), phosphates (from apatite), rare earths,
vermiculite, copper, and fluorite.

Carbonatites are often associated with other alkaline rocks such as
nepheline and sodalite syenites, urtites, and ijolites (nepheline and
feldspathoid-rich rocks). Metasomatic rocks (fenites) enriched in sodium
and ferric iron and depleted in silica may be present along the margins
of carbonatite complexes. Locally, kimberlite dykes and diatremes are
associated with carbonatitic material. Occurrences of kimberlites in
British Columbia will be dealt with in future studies.

A number of known carbonatite leocalities in British Columbia occur in a
broad belt along the Rocky Mountain Trench. Most other Canadian examples
occur in Quebec and Ontario, for example, Oka and Callander Bay (Currie,
1976a).

Carbonatites examined for this study were the Tonnie {Granite Creek) and
Vergil prospects near Manson Creek (93N/9); the Verity (Lempriere),
Paradise Lake, and Bone Creek prospects (83D/6), the Mud Lake showing
{83D/3) and the Howard Creek site (83D/7) all near Blue River; and an
exposure near Three Valley Gap (82L/16) in the Revelstoke area (Fig. 21).
In addition, although it has no known associated carbonatit:es, a sodalite
syenite on Bearpaw Ridge northeast of Prince George (931/4} was also
mapped. Other examples of British Columbia carbonatites and related
rocks, which were not studied during this field season, are found in the
vicinity of the Frenchman Cap gneiss dome, northwest of Revelstoke
(Jordan River-Mount Copeland area, Fyles, 1970; Currie, 1976b; Perry
River and Ratchford River, McMillan, 1970; McMillan and Moore, 1974; and
Mount Grace, Hoy and Kwong, in prep.), along McNaughton Lake near the
Mica Dam (Kinbasket Lake and Trident Mountain, Currie, 1976a), and in
Yoho National Park, east of Golden (Ice River Complex, Currie 1975;
Peterson, 1983).
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Geologlcal map of Bearpaw Ridge (northern end).
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GENERAL GEOLOGY

The carbonatites and related rocks stuvdied this year were all injected
into Upper Precambrian to Lower Paleozoic miogeoclinal rocks. The time
of emplacement appears, in all cases, to be prior to the deformation and
metamorphism associated with the Jurassic-Cretaceous Columbian orogeny.
The age of the Ice River Complex has been estimated at 245 Ma using whole
rock Rb/8r analyses (Currie, 1975). Okulitch, =t al. (1981) have

dated intrusive rocks from the Mount Copeland area at 773 Ma. One U/Fb
zircon date has been obtained from the Verity deposit (G. white, personal
communication, 1984} which places its age at 325 Ma. Further isotopic
dating is currently in progress.

All the deposits examined exhibit many similarities, but the most marked
similarities occur within localities in an individual region. In the
following discussion the carbonatites will be described by area.

MANSON CREEK AREA (93N/9)

Syvenite, monzonite, and carbonatite occur together on both the Lonnie
(Granite Creek) and Vergil claims. The two showings are located 3
kilometres apart approximately 8 kilometres east of the gold mining
village of Manson Creek, 230 kilometres northwest of Prince George.
Exposures are in trenches at 1 000 to 1 100 metres in elevation. Except
for these trenches and along Granite Creek, outcrop is sparse.

At both Lonnie and Vergil the intrusive rocks occur in single,
northwest—~trending, gill~like horizons within uppermost Precambrian
metasedimentary rocks. The metasedimentary rocks are part of the
Wolverine Complex and have, along with the intrusive rocks, been
metamorphosed to lower amphibolite facies. Within each intrusive zore
the various rock units are distributed in interfingering lenses
{(Hankinscon, 1958; Rowe, 1958; Halleran, 1980). The Lonnie {Granite
Creek) carbonatite is up to 50 metres in thickness and traceable for
nearly 500 metres; the Vergil showing is approximately 30 metres thick
and can only be traced for a few hundred metres.

Carbonatites of two varieties are present within the Lonnie Complex; one
is aegirine sovite in which the principal components are calcite,
microcline, and aegirine, the other is biotite sovite with calcite,
biotite, and plagioclase. Both varieties are foliated and contain
apatite and pyrochlore. The biotite sovite occurs along the northeastern
margin of the complex; the aegirine sovite along its southwestern margin.
Feldspathic intrusive rocks, monzodiorites, monzonites, and syenites,
separate the carbonatite units. These intrusive rocks congist of
K-feldspar and plagioclase in varying proportions, with biotfite,
muscovite, and minor amounts of calcite, zircon, columbite, and
ilmenorutile (Halleran, 1980). Nepheline syenite has also been
recognized (Hankinson, 1958) within this suite.
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The biotite sovite is mylonitized. To the northeast its contact with
psammites and micaceous quartzites of the Wolverine Complex is not
exposed; to the southwest it is in contact with fenite, that consists
dominantly of aegirine, crossite, and microcline {Halleran, 1980), and
interlayered sovite and fenitized metasedimentary rocks that were
originally psammites and are now dominantly microcline, gquartz, and
aegirine.

The Vergil showing is not as well exposed as the Lonnie occurrence.
Feldspathic monzonites to syenites border a lenscoid layer of biotite
sovite. Some mafic fenite, similar to that found at Granite Creek,
occurs in the Vergil showing. The contact with host metasediments is not
exposed. Fault breccia zones are abundant.

REARPAW RIDGE (931/4)

A body of sodalite syenite was mapped on Bearpaw Ridge in the Rocky
Mountains approximately 60 kilometres northeast of Prince George. The
syenite intrudes Silurian volcaniclastic rocks, which are predominantly
banded felsic and intermediate tuffs and agglomerates containing
limestone c¢lasts. The syenite is massive, fine to medium grained, and
white weathering, It is composed primarily of K~feldspar with varying
amounts of hornblende, magnetite, and sodalite. Sodalite styenite is
exposed on Bearpaw Ridge (Fig. 22) as three independent bands. Although
the main bodies are roughly parallel to bedding in the volcaniclastic
rocks, crosscutting dykelets were observed. Regionally, the host rocks
have attained the lower greenschist facies of metamorphism; however,
adjacent to the sodalite syenite, biotite is present in the Silurian
rocks. Although the relationships are slightly ambiguous, it appears
that the main body of sodalite syenite on Bearpaw Ridge is exposed in the
core of a synform. The other two apparent layers seem to be part of a
single sheet folded by the synform and now exposed on its limbs.

Anocther body of syenite present on Bearpaw Ridge (Fig. 22) is a massive,
coarse—grained rock with a buff to pink fresh surface. 1In it, feldspar
laths, which can be 1.5 centimetres long, are randomly oriented.
Opaques, predominantly magnetite, can comprise up to 10 per cent of the
rock. Unlike the sodalite syenite, this body appears to be
post-orogenic; it crosscuts both the foliated hornblende gneisses of
unknown age and the Silurian volcaniclastic rocks {(Fig. 22).

BLUE RIVER AREA (83D/3, 6, 7)

A number of carbonatite layers occur within the Semipelite-amphibolite
Division of the Hadrynian Horsethief Creek Group in the Monashee
Mountains near Blue River, 250 kilometres north of Kamloops. All are
bedding parallel, sill-like bodies which were intruded prior to
defeormation and metamorphism associated with the Columbian orogeny. The
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carbonatites and surrounding sedimentary rocks have been metamorphosed to
upper amphibolite grade {kyanite to sillimanite zone). The Mud Lake,
Bone Creek, and Verity showings (Fig. 21) occur below treeline at
elevation 2 000 metres; conseguently, exposure is limited. The Paradise
Lake and Howard Creek carbonatites are above treeline, well exposed, and
therefore could be mapped in detail (Fig. 23; Figs. 24a and 24b).

Two types of carbonatite occur within this suite {see also Raquist,
1982). One is calcitic {sovite) and contains variable amounts of
olivine, magnetite, apatite, zircon, and biotite or vermiculite. The
second, a buff-weathering variety, is dolomitic (beforsite) with
amphibole (richterite and/or tremolite}, magnetite, apatite, pyrochlore,
zircon, and columbite. Apatite and amphibole within the beforsite define
a foliation parallel to both the edges of the carbonatite and the
external schistosity. Compositional banding with alternating amphibole,
apatite, and carbonate-rich layers, parallels foliation in some outcrops.
At Verity, separate bands of sovite and beforsite occur. The sovite
locally contains calcite and olivine crystals 2.5 to 3 centimetres in
size, and clusters of magnetite crystals over 20 centimetres in diameter.
Although the beforsite is not usually as coarse grained, 3 to
4-centimetre pyrochlore crystals have been found. 2Zireon crystals 1 to
1.5 centimetres in size occur in both the sovite and beforsite lavers.

At Paradise Lake apparéntly continuocus horizons grade from sovite into
beforsite. The other showings contain either sovite or beforsite but not
both. Mafic fenites, 1 to 30 centimetres thick, locally separate the
carbonatites and host metasedimentary rocks. The fenites may be either
amphibole rich, similar to those in the Manson Creek area, or
predominantly composed of biotite or vermiculite. Metasedimentary rocks
adjacent to these fenites appear unaltered.

At Howard Creek urtite and sphene-bearing amphibolite (Fig. 23) are
present. The sphene amphibolite can be layered and foliated or magsive
with dark green amphibole crystals exceeding 35 centimetres in length,
and euhedral, honey-coloured sphene crystals up to 2 centimetres in size.
Minor amounts of nepheline and calcite may also occur. This amphibolite
is trangsitional at one locality to meta-ijolite or urtite, with 40 to 70
per cent coarse nepheline, 50 to 20 per cent amphibole, and 10 per cent
sphene. Although the urtite and sphene amphibolite (meta-melteigite ?)
are not interlayered with the carbonatite, they are presumably part of
the same intrusive event.

Nepheline, sodalite, and calcareous syenites crop out in the Paradise
Lake area. The syanites are foliated and medium grained; they consist of
feldspar, nepheline, biotite, muscovite, calcite, zircon, and minor
amounts of sodalite. They are migmatitic with massive, medium to
coarse-grained, lensoid leucosomes that are predominantly composed of
nepheline and sodalite. TLocally, biotite sovite is interlayered with the
syenites; the sovite can contain nepheline and the syenites can contain
as much as 30 per cent carbonate. One zone is predominantly syenite
{(Figs. 24a and 24b); outward from the syenite the same horizon is prone
to carbonatite development.
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At both Paradise Tlake and Howard Creek the carbonatites and related rocks
are folded by second generation structures (Figs. 23 and 24). At

Paradise Lake it is evident that these rocks are also invclved in the
earliest recognizable deformational event in the area (Fic. 24).

THREE VALLEY GAP AREA (82L/16)

Carbonatites are found along the Victor Lake main logging road, 3
kilometres east of Three Valley Gap, between 900 and 1 500 metres in
elevation. Outcrop is limited to logging road cuts, therefore these
carbonatites have not been mapped in detail. They occur as bedding
parallel lenses in Hadrynian metasedimentary rocks. Both the
carbonatites and host rocks have been metamorphosed to upper amphibolite
grade (sillimanite zone}, and the metasedimentary rocks have been
extensively migmatized. The carbonatites are primarily composed of
calcite, biotite, amphibole, and apatite. In places they czontain
feldspathic lenses similar to migmatitic leucosome. All display a
well-defined biotite foliation. BAmphibole-rich fenite, which locally
contains zircons, separates the carbonatites from adjacent rocks. Coarse
sphene crystals are developed in the pegmatites where they are adjacent
to carbonatites.

CONCLUSICNS

Carbonatites and related rocks intruded Upper Precambrian {.o Lower
Paleozoic miogeoclinal host rocks prior to onset of the Columbian
orogeny. There has apparently been more than one period of intrusive
activity. Nepheline syenites at Mount Copeland are dated at 770 Ma
(Okulitch, et al., 1981) while other bodies are in the 350 to 250

Ma range (Ice River, Currie, 1975; Verity, White, personal
communication).

None of the carbonatites in British Columbia are currently being mined.
Although many have been tested as niobium and vermiculite prospects,
information about their abundance, distribution, and economic potential
are currently sketchy.
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FURTHER NOTES ON CARBONATITES IN CENTRAL BRITISH COLUMBIA
(B3D/6E, W)

By G.P.E. White

INTRODUCTION

Stratiform carbonatites, apparently with igneous strontium, carbon, and
oxygen isotopes, and containing anomalous values of strontium and rare
earths, occur from Revelgtoke to north and east of Blue River (Fig. 25}.
Carbonatite crosscutting hosting schists 1s present on a small scale at
Mount Copeland and south of Three Valley Gap. For the most part,
however, these rocks are stratiform with fairly sharp to gradaticnal,
conformable contacts.

In the Blue River area there are a minimum of six carhbonatite sites:
VYerity, Paradise Lake, Howard Creek, Gum Creek (with the Fir claims},
Pyramid Creek, and Mud Lake. Several beds of carbonatite are usually
found at each locality. The occurrences at Verity can be traced
intermittently to Paradise Lake, 10 kilometres to the east. Carbonatite
thicknesses of 30 metres have been recorded in drill sections from the
Verity showing near Lempriere. Thinner hut significant layers occur at
most of the other Blue River sites.

Rocks that are referred to in this report as carbonatite contain
anomalously high amounts of strontium and rare earths. They have
variable mineralogical assemblages; the Mud Lake occurrence is typified
by chondrodite, diopside, and garnet, while those at Verity, Paradise
Lake, and Howard Creek have the mineralogy of marble, except for the
presence of pyrochlore. Vertical mineral zoning is apparent in weathered
outcrop at Mud Lake and Gum Creek, and in unweathered outcrop above
timberline at Howard Creek. In unweathered outcrop, banding, possibly
due to regional metamorphism, is in the form of concentrations of
phlogopite or apatite; inexplicably, colour banding of 2 to 5-centimetre
thickness, evident in weathered outcrops at Gum Creek, ig not reflected
in drill core.

Amphibolite to kyanite grade metamorphic rocks of the Shuswap Terrane
host the carbonatites. At least three periocds of structural deformation
are evident at all the sites examined.

Attempts to correlate carbonatite bodies by pursuing daughter minerals in
primary fluid inclusions in the ubiquitous accessory apatite, by studying
the petrology of pyrochlore and other minerals, and by comparison of the
guantity and type of rare earths present were not successful. Recent
isotope studies by E. Ghent of the University of Calgary suggest that the
carbonatites in the Verity area have an ignecus origin (M. Mihalynuk,
personal commanication, 1984). Further studies are being carried out by
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J. Pell (see report, this volume) at the University of British

Columbia; it is hoped that further studies of the strontium, oxygen, and
carbon isotopes will answer some of the questions of origin. A study of
correlative petrology is also required.

The volume, elemental content, and mineralogy of these carbonatites make
them an important potential source of rare earths, niobium, phosphate,
and vermiculite. The Verity and Gum Creek (Fir) carbonatites have been
surveyed and drilled, while less extensive exploration has been carried
out during the past two years in the Perry River (Revelstoke) area.
Niobium was pursued at Verity while rare earths were sought at Perry
River.

HOWARD CREEK (83D/7W)

The Howard Creek carbonatite occurrence is at the headwaters of Howard
Creek, 13 kilometres west of Kinbasket Lake and 41 kilometres northeast
of Blue River at an elevation of 2 360 metres in an alpine setting. The
carhonatites are hosted in a series of schists of amphibolite to kyanite
metamorphic grade, which are part of the Shuswap Terrane. At least two
separate bodies conformable to the regional schistosity and lithological
layering have been identified within 300 metres of stratigraphic
thickness. The structurally higher body contains nepheline syenite.

The regional feliation in the area trends east-west and dips 40 degrees
south {Fig. 26). Cross-folding and right~hand en echelon faulting

has displaced all rock units. As at other Blue River occurrences, this
area has been subjected to at least three periods of structuaral
deformation. In the earliest event, lithologic layering and the
carbonatites were transposed parallel to the regional foliation. Drag
folds and tight crenulations are evident in the carbonatites,
particularly near their contact with the host rock.

At Howard Creek the carbonatite bodies vary in thickness from 10
centimetres to 20 metres. An interbed of schist less than 1 metre thick
occurs within the carbonatite at the most western outcrop (Fig. 26).
Most contacts of carbonatites with the schists are sharp but gradational
contacts are present as well. Coarse banding of 5 to 50 centimetres is
due to increased phlogopite content in the thinner bands. Wo
crosscutting relations were noted.

Minerals identified in the Howard Creek carbonatites are calcite,
dolomite, apatite, richterite, hornblende {possibly edenite),
clinopyroxene (acmite-~augite), sphene, biotite, phlogopite, nepheline
(cancrinite), zircon, pyrochlore, baddeleyite, ilmenite, magnetite,
pyrite, and plagioclase. The nepheline syenite body in the area of
outcrop 35 (Fig. 26) is approximately 5 by 20 metres and appears to be
concordant with the schist/carbonatite complex. Coarse-grained,
bictite-rich bands up to 20 centimetres wide are in contact with the
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nepheline syenite., The nepheline syenite contains coarse-grained
nepheline (40 per cent), hornblende (30 per cent), sphene (15 per cent),
and biotite (15 per cent). The syenite minerals are relatively
unaltered, suggesting possible recrystallization due to regional
metamorphism. Infrequent boudins of coarse-—grained amphiholite 5 to 50
centimetres long are found within the carbonatites and the nepheline
syvenite. The amphibolites are mainly hornhlende, calcite, and sphene
with lesser amounts of phlogopite.

Rock samples were collected from the carbonatite, the syenite, the
adjacent schist, and from schist and amphibolite more than 1 kilometre
away from the nearest carbonatite, and form a coarse-grained pegmatite
approximately 3 kilometres to the northeast of the area mapped. These
specimens were submitted for spectrographic analysis to determine whether
content of strontium and rare earths varied from carbonatites to country
rock, and, in particular, to see whether there was any similarity in the
rare earth contents of the pegmatite and the carbonatites. Felgite and
pegmatite are present away from the carbonatite but are of infregquent
occurrence. A pegmatite body measuring 50 by 150 metres, that consists
of guartz, albite, gyrey pearly muscovite, and secondary sericite, appears
to crosscut a fine-grained agarnetiferous, quartz-albite-hoirnblende
schist.

Eighteen semi-guantitative analyses from the carbonatites and associated
rocks, yielded 0.25 to 0.5 per cent strontium with an average content of
0.35 per cent; 0.20 per cent average strontium cccurred in the
carbonatite~hosted amphibolite; and 0.30 per cent average strontium in
the adjacent schists. Strontium content of the amphibolite collected
more than 1 kilometre away from the carbonatites registered only as
trace. Strontium in the nepheline syenite is 0.07 per cent while that in
the coarse~grained pegmatite is below detection limit.

Scme elements from the carbonatites and their guantities as determined by
spectrographic methods and expressed in per cent are: P? >2.0, Sr 0.2, Ba
0.05, Z2r 0.04, Cr 4.01, La 0.03, Ce 0.03, N4 0.03; there are also trace
amounts of Ga, Sn, Y, Yb, and Nb. The only significant difference in
rare earth and trace element content, therefore, seems to b2 between the
schists/carbonatite and the pegmatite. The mineralogy of the more
distant amphibolite was similar to that of the amphibolites in the
carbonatites, except for the presence of quartz.

The Verity carbonatite, 18 kilometres east of Howard Creek, is located 5
kilometres south of Lempriere, and 35 kilometres north of Blue River,
approximately 100 metres above the Worth Thompson River on west-facing
slopes. These carbonatites vary in composition from calcite to
dolomite-rich and, with the exception of olivine, contain mostly the same
minerals as those at Howard Creek. R. Parrish, while at the University
of British Columbia, made two age determinations on zircons from the
Verity site; both results are 325 Ma, indicating either a Chesterian age
or deformation and recrystallization during Chesterian time.
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CONCLUSIONS

A number of tentative conclusions may be drawn from the mineralogy and
analyses. Due to their anomalously high strontium and rare earth
contents, these rocks are probably true carbonatites despite their
obvious stratigraphic conformity. High strontium in adjacent schists may
indicate limited fenitization. The nepheline syenite may be a stock, or
a centre of near surface igenous activity. The relatively distant
pegmatite in the area does not appear to bear a genetic relationsip to
the carbonatites.

As suggested, further work should be carried out on the comparative
petrology of the carbonatites, as well as a study of the possible
scavenger effects of rare earths by carbonatites during regional
metamorphism.
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J &L
A STRATABOUND GOLD-ARSENIC DEPOSIT
SOUTHEASTERN BRITISH COLUMBIA
(82M/8)

By T. HGy

INTRODUCTION

The J & L prospect i1s a stratabound gold-silver-lead-zinc—-arsenic deposit
in a highly sheared quartzite-—schist-limestone sequence, located 32
kilometres north of Revelstoke. Tt is 11 kilometres east from Highway 23
along a gravel road that follows the south side of Cairnes Creek.

Surface exposures are restricted to a number of pits and trenches on a
steep, heavily wooded slope at elevations of 820 to 1 220 metres between
the north {McKinnon Creek)} and south forks of Cairnes Creek.

The J & L was staked in 1896, and has undergone intensive but
intermittent exploration and development work since. In 1924, Porcupine
Goldfields Co. drove two 20-metre adits, and from 1941 to 1946 Raindor
Geld Mines Ltd. sank two shallow shafts and extended the upper '3200-foot
level' adit to 150 metres. Westalr Mines Ltd. optioned the property from
the present owner, T. E. Arnold, in 1965 and drove approximately 300
metres of drifts and crosscuts on the lower '2700-foot level.' The
present operator, the Selco Division of B.P. Canada, Itd., has done an
extensive amount of rehabilitation work, extended the 2700-foot level to
830 metres, and drilled a number of underground holes from crosscuts on
this level.

The purpose of this note is to overview the geology of the J & L deposit,
based primarily on recent work by B.P.-Selco geologists, and to describe
a section measured across the wain minevalized zone.

GECLOGY

J & L is within a highly deformed slice of Hadrynian and Palesozoic
metasedimentary and metavolcanic rocks in the hangingwall of the Columbia
River fault (see Fig. 28 of Gibson and H8y, this wolume). Rocks in

the Cairnes Creek area have been assigned to the Lower Paleozoic Lardeau
Group (Wheeler, 1965), and host rocks to the J & L are the upper part of
the Lower Cambrian Hamill Group (Grant, 1984). These include a number of
cycles, 10 to 20 metres thick, that grade up from guartzite, through
quartz-rich schist, to chlorite and sericite schist (R. Pegg, personal
communication, 1984; Grant, 1984). A grey to carbonaceous limestone at
the top of one of these cycles is immediately overlain by the main band
of sulphides. Hangingwall rocks are highly sheared quartz-sericite and
guartz-chlorite schists. These rocks, and the mineralized zones, trend
northwest and dip northeast at about 55 degrees into the hill.
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The main mineralized band has been traced 1.9 kilometres along strike on
surface and B30 metres underground. One underground zone is 190 metres
in length and an average of 3 to 4 metres in width; it contains 4.5 grams
gold per tonne, 49.5 grams silver per tonne, 1.43 per cent lead, 2.84 per
cent zinc, and 3.5 per cent arsenic {Grant, 1984).

a number of other mineraliged zones that occur on the property, such as
the West zone, Far East, and North showings, may be extensions or fold
repetitions of the main zone {Grant, 1984) or may be separate occurrences
at a different stratigraphic level. Sulphides include pyrite,
arsenopyrite, gphalerite, galena, and trace amounts of chalcopyrite and
pyrrhotite; they are locally massive or occur as stringers, lenses, and
disseminations in a gquartz-sericite schist or a dark carbonaceous
footwall limestone.

A detailed section through the main sulphide band in the 10+350-metre
East crosscut is illustrated on Figure 27 and described in detail below.
B thick, grey, well-banded limestone (unit 2) is overlain by a dark,
impure carbonaceous limestone {unit 3) that locally contains
discontinuous massive sulphide lenses. The overlying light grey
quartz-sericite schist and sericitic guartzite (unit 4) have thin streaks
and discontinuous laminations of reddish sphalerite, as well as
disseminated grains of pyrite and arsenopyrite. The black, carbonaceous
footwall limestone (unit 5), which is lithologically similar to unit 3,
also contains minor amounts of disseminated sulphides and laminated
sulphide lenses. The contact with the overlying massive sulphide layer
(unit 6) is sharp. The sulphide layer consists of approximately 10
centimetres of laminated, reddish brown sphalerite, arsenopyrite, and
coarse granular pyrite (unit 6aA, Fig. 27; sample H84JL-6A, Table 1) that
is overlain by 0.5 metre of more massive sphalerite and arsenopyrite
{(unit 6B}. The sulphide content of unit & gradually decreases toward the
top. Essentially massive sulphides (unit 6B} grade through sericite
quartzite and guartz-sericite schist interlaminated with sulphides, to
schist with only thin discontinuous streaks of sphalerite and
arsenopyrite (unit 7). Unit 8 is a second massive sulphide layer
approximately 0.5 metre thick. Coarse-grained arsencpyrite-sphalerite-
pyrite occurs near the base (unit BA, sample H84JL-8A) and finer gralned
sulphides near the top (sample H84JL-8B). Quartz ‘eyes' ard irreqular
gquartz-gsericite lenses are common throughout unit 8. A grey, laminated
limestone (unit 9), approximately 2 metres thick, overlies the unit 8
massive sulphide layer in the 10+350 east crosscut. Tt is barren near
the base, but darkens and becomes streaked with pink-coloured sphalerite
near the middle (sample HB4JL-9C); at the top it is a competent, light
grey, silicified ‘limestone' (unit 10). The calcareous interval is
overlain by interlayered sericite schist, quartz phyllite, and quartzite
of units 11 and 12. TIrregular, discontinuous streaks and disseminations
of pyrite, sphalerite, and lesser arsenopyrite are common throughout unit
11 and in the basal part of unit 12. Unit 13 includes chlorite phyllite
with minor amounts of pyrite disseminated throughout; chloritic phyllite
units begin appearing in unit 13.
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TABLE 1
ASSAYS OF SELECTED HAND SAMPLES, J & L DEPOSIT, 10+350 METRE EAST CROSSCUT
(See Flg. 27 for sample localltles)

Sample Au Ag Cu Pb In As Sb fo
No. ppm ppm per cent per cent per cent per cent per cent per cent
HB4 JL-6A 13 60 0,11 1.47 14,5 14,7 0.05 18,1
HB84JL-68 10 60 0.21 2,37 0,22 29,5 0.22 26,5
HB4JL=-T7 <03 <10 0,02 0,03 0,02 0.24 <0,004 2.9
HB84 JL-8A 20,6 88 0.14 1.13 29,1 10.0 0.14 18,1
HB84JL-88 42,5 1 942 3.14 3,55 1.1 6.25 1.28 37.8
HB4JL-5C <0,3 <10 0,02 0.40 5.21 0.002 0,02 1,0
H84J1-11 <0,3 <10 0.04 0.06 0.01 0,015 <0,001 3.0
DISCUSSION

The J & L is an unusual 'massive' sulphide deposit. Intense regional
deformation and associated regional metamorphism have obliterated
virtually all primary structures, making conclusions regarding its origin
subjective. Grant (1984) concluded that it is a 'sedex' or exhalitive
sulphide deposit that accumulated syngenetically in a marine environment.
Supporting evidence includes its form, a narrow thickness and great
lateral extent, as well as locally its 'bedded' nature. Associated
‘cherty' quartzites could also be of exhalitive origin and indicate a
'sedex' origin for the deposit. Earlier workers, however, interpreted
the deposit to be a sheared replacement or vein deposit (Gunning, 1928;
Wheeler, 1965). The mineralogy and its occurrence in an intensely
sheared package of rocks supported this interpretation. However,
arsenopyrite does occur in some exhalitive sedimentary deposits (for
example, Sullivan) and in some volcanogenic deposits (for example,
Bathurst camp deposits, New Brunswick). In conclusion, considerably more
detailed petrography, structural studies, and perhaps isctopic analyses
are needed to better understand and interpret the J & L deposit.
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RIFT
A ZINC-LERD MASSIVE SULPHIDE DEPOSIT
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(82M/15)
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T. Hﬁy
Ministry of Energy, Mines and Petroleum Resources

IRTRODUCTION

Rift is a stratiform zinc-lead-{copper-silver) massive sulphide showing
located approximately 100 kilometres north of Revelstoke. It is easily
accessible, exposed in a creek gully at an elevation of 750 metres,
approximately 0.5 kilometre east, up the slope from Highway 23.

The Rift showing was discovered in 1980 as a result of a joint
exploration program by J. M. Leask and E & B Exploraticn, Inc. Property
mapping at 1:25 000 and 1:10 000 scales was initiated in 1981 by one of
the authors (G. Gibson), and continued in 1982 (Gibson, 1981, 1982).
Geophysical and geochemical surveys have been done in the immediate
vicinity of the showing, but the continuation of the sulphide layer has
not been tested by drilling. Detailed property mapping and a
mineralogical study formed the basis of a B.Sc. thesis (Hicks, 1982).

REGIONAL TECTONIC SETTING

The Rift zinc-lead-(copper-silver) occurrence is in isoclinally deformed
metasedimentary and metavolcanic rocks of the Selkirk allochthon in the
immediate hangingwall of the east-dipping Columbia River fault zone

(Fig. 28). The Selkirk allochthon is a composite terrane that was
tectonically emplaced from west to east over core gneiss and mantling
gneiss of the metamorphic infrastructure (Monashee Complex) along the
Monashee decollement and Columbia River fault zone during Middle Mesozoic
to Eocene time {Read and Brown, 1981}.

Five kilometres north of the Rift occurrence the Columbia River fault
terminates, and northwest-trending Hadrynian strata of the Horsethief
Creek Group can be traced across Columbia Valley into the Shuswap
Metamorphic Complex (Simony, et al., 1980; Raeside and Simony,

1983). Major displacement along the fault in this area may be passed to
at least three major southwest-dipping hedding faults or slides that
splay eastward off the fault zone into the Selkirk allochthon. These
three faults have been used to subdivide the northern Selkirk allochthon
into tectonic slices (Read and Brown, 1981}.
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The French Creek, Goldstream, and Clachnacudainn slices (Fig. 28) contain
overturned stratigraphy resulting from a period of early nappe formation
{(Phase 1) possibly initiated during the Devonian-Mississippian Caribooan
or Antler orogeny (Brown, 1978; Read and Brown, 1979). Subsequent
polyphase folding, high-grade regional metamorphism, and granitic
plutonism occurred during the Middle Jurassic Columbian orosgeny.

Isoclinal Phase 2 folds are dominant along the southwestern flank of the
Selkirk allochthon where they are strongly overturned toward the south-
west (Lane, 1977; Hdy, 19792). Phase 3 folds dominate on the northeastern
flank where strata are overturned toward the northeast. An intervening
zone of structural interference termed the Selkirk fan (Wheeler, 1965;
Brown and Tippett, 1978) trends northwest, crossing from Illecillewaet
slice into French Creek slice in the vicinity of Argonaut Mountain

{Fig. 28).

STRUCTURE, METAMORPHISM, AND PLUTONIC ACTIVITY - BIGMOUTH CREEK AREA

South of Bigmouth Creek, structures are dominated by large recumbent
isoclinal second phase folds with shallow northeast-plunging axes

{Fig. 29). These folds comprise a structural stack at least 2 kKilometres
thick in the hangingwall of the Columbia River fault zone. A major
structure of this generation i1s well exposed in the north canyon wall of
Nicholls Creek where marble units are greatly thickened in the hinge of
an east-closing synform. Marble units can be traced northward from
WNicholls Creek along Route 23 to north of Bigmouth Creek where they
gradually deflect eastward to resume the regional northwest structural
grain. BAs they deflect, the attitudes of second phase isoclines change
from northeastward with nearly flat-lying axial surfaces tc northwestward
with gouthwest=-dipping axial surfaceg and shallow southeast plunges.

Third phase folds are broad upright arches plunging northwest south of
Bigmouth Creek but become compressed and isoclinal northward, where
second and third phase structures are approximately coaxial.
Superposition of coaxial second and third phase folds near the head of
Beryl Creek produced megascopic Type 3 (Ramsay, 1967) interference
patterns (Fig. 30).

Continuity of lithologies around the arcuate structural pattern north of
Bigmouth Creek (Fig. 29) casts doubt on the existence, in the lower
Bigmouth Creek area, of the 'Goldstream thrust' (Fig. 28), which is a
north~-dipping reverse fault separating French Creek slice from Goldstream
slice (Campbell, 1972; Read and Brown, 1981). 1Instead, Goldstream thrust
probably merges with the Columbia River fault in low ground near the
mouth of Nicholls Creek, where elimination of stratigraphy has occurred
along bedding faults that truncate the lower limb of Nicholls Creek
synform (Fig. 28).
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At the outcrop scale, Phase 2 fabrics and fabrics associated with major
stratigraphic inversion in Phase 1, are difficult to separate. The
prevailing minor structure is a penetrative mineral foliation, outlined
by mica grains in schistose rocks, that is awxial planar to both Phase 1
and Phase 2 (designated S5). Throughout the area mapped, S, and
primary layering are parallel or near parallel, indicating isoclinal
deformation. The limbs of associated minor folds (Fj) are severely
attenuated along the S, foliation with complete transposition to
rootless intrafolial isoclines common in many examples.

A steeply dipping crenulation cleavage (S3} is axial planar to third
phase minor folds; this cleavage is most apparent in the south where
third phase axial surfaces are at a high angle to second phase
faoliation.

Grades of wedium-pressure Barrovian metamorphism increase from south to
north toward the 'Windy Range High' (Wheeler, 1965; Campbell, 1972;
Leatherbarrow and Brown, 1978), a northwest-trending culmination in the
gsillimanite-K~feldspar metamorphic zone near Birch Creek. South of
Bigmouth Creek, the widespread chlorite-bictite-muscovite~quartz
assemblage in pelitic rocks defines a broad chlorite-biotite zone. This
gives way northward tc assemblages of the garnet zone and, in the
vicinity of Rift Creek, to staurolite zone rocks. Worth of Beryl Creek,
sillimanite-muscovite zone rocks are associated with pegmatite. Omission
of kyanite zone rocks may be related to post-metamorphic faulting in
Beryl Creek (Fig. 29).

Bigmouth Creek stock is a synkinematic (?)} quartz monzonite pluton of
probable Cretaceous age. Porphyry, with very large (to 5-centimetre)
rimmed orthoclase phenocrysts embedded in a matrix of quartz, orthoclase,
plagioclase, and biotite, is cut by late stage leucocratic granite and
aplite.

LITHOLOGY

Detailed mapping in 1981 and 1982 has confirmed the lateral equivalence
of marble units in Wicholls canyon (Lower Cambrian Badshot Formation of
Wheeler, 1965) with marbles north of Bigmouth Creek (Hadrynian Horsethief
Creek Group of Wheeler, 1965 and Brown, et al., 1977). This gives

rise to regional stratigraphic and structural problems that cannot be
resolved without further mapping between Nicholls Creek and the
Goldstream copper—-zinc deposit (Fig. 28}. At present, formal assignment
of map units to the Paleozoic Hamill Group {Marsh Adams Formation,
Mohican Formation) and Lardeau Group (Badshot Formation, Index Formation,
Jowett Formation, Broadview Formatieon) on the one hand, or the Hadrynian
Horsethief Creek Group on the other, is not possible.

Three informal lithologic sequences were distinguished in the Nicholls
Creek area: an eastern grit sequence {unit 1), a central 'pelite!
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sequence {unit 2), and a western carbonate sequence {unit 3). Top
determinations from graded grit beds in unit 1 indicate that stratigraphy
becomes younger toward the core of Nicholls Creek synform; this provides
the basis for Figure 31a, a composite stratigraphic section. Note that
scale bars on Figure 31 are approximate in view of the pronounced
tectonic thickening of units in fold hinges and thinning on limbs.

UNIT 1 - 900 metres (base not exposed)

This unit congists of massive graded grit and laminated chlorite schist
cycles in rhythmic units 10 to 50 metres thick. Narrow impure marble
layers and talc schist lenses are a minor component of the section, as
are massive, dark grey hornblende-garnet calc-silicate layers to 10
metres in thickness. The upper contact of unit 1 is locally marked by a
clean calcite marble layer up to 5 metres thick.

UNIT 2 ~ 200 metres

In unit 2, dark, recessive, locally graphitic guartz-bjotite schist
predominates. Banding, on a 1 to 10-centimetre scale, is caused by
alignment of lensoidal quartz segregations that contain carbonaceous or
micaceous layers and limy partings. Pyrrhotite comprises up to 10 per
cent of the rock as fine disseminations and streaks, leading to
rusty-weathering colours in most outcrops. The upper contact of unit 2
is transitional with unit 3 where interlavers of friable calcareous
schist or impure marble appear in the section.

UNIT 3 - 500 metres (top not exposed)

South of Bigmouth Creek, unit 3 includes two prominent massive, grey,
thick-bedded marble units, each 150 to 200 metres thick, separated by 200
to 400 metres of schist. Marble units are mainly calcitie, but are
locally dolomitized or silicified. TLayering is enhanced by variations in
calcite grain size and by intercalations of argillaceous or micaceous
material. Upper and lower contacts of the carbonate rock units are
usually poorly defined and comprise zones of pure and impure marbles
alternating with schists and other clastic rocks.

Schists of unit 3 are rusty weathering, banded, and variably graphitic or
calcarecus. Dark greenish black 'greasy'~lustered chloritic layers mimic
graphite in some exposures; with increasing chlorite contenit: the rock
grades to thick-layered guartz=-chlorite schist with chert layers and
lenses. Pink garnets and pyrite-pyrrhotite disseminations are common and
black manganese crusts develop on fractures cutting the unit.

Several horizons of white-weathering orthoquartzite, that are 10 to 30

metres thick, are a miner but distinctive component of unit 3 south of
Bigmouth Creek.
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North of Bigmouth Creek the Rift zinc=-lead-(copper=-silver) sulphide layer
is contained in a 400-metre-thick, varied but largely schistose interval
of unit 3 that lies between marble units (Fig. 31b). Staurolite zone
rocks exposed in Rift Creek consist of layered quartz-garnst pelitic
schists and layered calc-silicate rocks with subordinate psammite and
marble. Intrusive masses of K-feldspar porphyritic garnet-biotite quartz
monzonite invade the metasedimentary rocks as sills, dykes, and narrow
(<10-centimetre) anastomosing, layer-parallel tongques; contacts are often
gradational against the country rocks. One hundred metres above the
sulphide layer is a pod-like, sheared ultramafic body, 15 metres thick,
containing large (to 3-centimetre) cleaved metacrysts of magnesite in a
matrix of antigorite, talc, and magnetite. The ultramafic body contains
2 300 ppm nickel, 106 ppm cobalt, and 175 ppm copper (Hickas, 1982).

North of Beryl Creek polydeformed strata of unit 3 are in the sillimanite
metamorphic zone. These include at least three coarsely recrystallized
calcite marble layers, 10 to 100 metres thick, separated by quartz-mica
schist, psammite, amphibolite, and calc-silicate rock (Fig. 30).

RIFT ZINC-LERD-(COPPER-SILVER) DEPOSIT

The Rift showing consists of a number of thin layers of massive
sphalerite, pyrite, pyrrhotite, and galena exposed for approximately 25
metres of strike length in a steep-sided creek gqully; the thickest of the
layers is about 2 metres thick. A number of thin discontinuous massive
sulphide lenses, separated by schistose guartz-rich and somewhat
calcareous rocks with disseminated sulphides, occur in the immediate 2 to
3 metres of footwall (Fig. 32). Hangingwall rocks are more calcareous
and sulphide content is generally lower. A second massive sulphide zone,
called the 'upper showing' (Hicks, 1982), is exposed approximately 99
metres stratigraphically above the main showing. Intervening rocks
include calcareous schists and thin marble bands, overlain by more
pelitic schists.

The massive sulphide layers are irregularly laminated on a <1 to
10-centimetre scale. Individuwal laminae consist of granular,
sphalerite-rich assemblages; fine-grained, dark sphalerite; fine-grained
galena that contains 1 to 2-millimetre rounded pyrite clots; or
medium-grained pyrite or pyrrhotite-rich layers. Sphalerite is commonly
the most abundant sulphide; pyrrhotite is abundant in the southern part
of the creek qully exposure, whereas pyrite predominates in the northern
part (Hicks, 1982). Galena averages from 5 to 8 per cent, and
chalcopyrite and arsenopyrite occur in trace amounts. Predominant gangue
minerals in the massive gsulphide layers include guartz, muscovite,
calcite, and minor amounts of clinozolisite. Thin calec-silicate and
quartz-rich gangue layers with variable amounts of disseminated sulphides
occur within the sulphide layers.
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Chemical analyses of the massive gsulphide layers reflect the high
sphalerite content, with zinc ranging from approximately 24 to 32 per
cent (Table 1). The weighted average of 25 chip samples is 29.75 per
cent zine, 5.28 per cent lead, and 0.03 per cent copper (Hicks, 1982).
Gold values ranged from 0.06 to 0.25 gram per tonne and silver, from 0.3
to 10 grams per tonne in seven grab samples collected by J. M. Leask
{personal communication, 1980). Gold and silver values for the six
massive sulphide samples analysed in this study (Table 1) were below the
utilized detection limits of 0.3 and 10 grams per tonne respectively.
Semi-gquantitative emission spec values for barium ranged from trace
amounts to 1.2 per cent in a footwall sample (84R-9B). Hicks (1982}
reported a slight but distinct chemical zonation with Pb/Pb + Zn
increasing vertically. This was not confirmed, however, in our limited
sampling; in two sets of chip samples across the sulphide layers and
immediate host rocks Pb/Pb + Zn apparently varied randomly from
approximately 0.18 to 0.8 (Table 1; Fig. 32).

TABLE 1
BASE METAL ANALYSES OF MASSIVE SULPHIDE LENSES AND HOST ROCKS, RIFT SHOWING
(See Fig., 32 for sample locations)

No, Pb Zn Cu Pb/Pb+Zn Lithology
per cent per cent per cent

84R~10 5,75 29.3 0,017 0.164 upper massive suiphide lens
84R~-9C 13,9 25,1 0,009 0,356 main massive sulphide lens
84R-8F 6,83 31,7 0,067 0,177 main massive sulphide lens
84R~-BE 7.01 31.3 0,067 0,182 main massive sulphide lens
84R-98 0,048 0,012 0.018 0,800 siliceous, calcareous schist
84R~9A 9.01 23,9 0,039 0,273 lower massive sulphide lens
B84R-8C 5.00 26.8 0.032 0,157 lower massive sulphlde lens
84R-8B 0,015 0.074 0,021 0,202 chert, quartzite, siliceous schist

Disseminated sulphides, primarly pyrrhotite and sphalerite, occur
throughout the immediate footwall rocks; zinc averages 3.11 per cent and
lead, (.48 per cent (Hicks, 1982). Sulphide content in hargingwall rocks
is lower; zinc averages 0.8 per cent and lead, 0.2 per cent.

Immediate host rocks for the massive sulphide layer include calcareous,
quartz-rich schists. They strike east-southeast and dip variably to the
south (Fig. 33}. Tight to isoclinal minor folds and a distinct biotite
and mascovite foliation that generally parallels layering reflect the
intense regional deformation. Thin, rusty weathering amphibolite,
calc-silicate gneiss, and diopside and actinolite-bearing marble layers
occur in both footwall and hangingwall rocks. Dark grey, fine-grained
impure quartzite layers are common in the footwall, and an impure marble
forms the immediate hangingwall. Medium to coarse-grained orthogneiss,
and late stage quartz monzonite sills and dykes intrude the succession.
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COMPARISON WITH OTHER LEAD-ZINC DEPOSITS, SOUTHEASTERN BRITISH
COLUMBIA

The Rift deposit contrasts markedly with lead-zinc deposits in the
Xootenay Arc to the south (Fyles, 1970; Hoy, 1982). Kootenay Arc
deposits include deposits in the Salmo camp, and the Bluebell, Duncan,
and Wigwam deposits (Fig. 28). They are hosted by a relatively pure, but
locally dolomitized, silicified, and brecciated Lower Cambrian carbonate
unit. Although deformation may be intense, the regional metamorphism is
generally of greenschist facies grade. Rift has, however, many
similarities with lead-zinc deposits that occur in the Shuswap
Metamorphic Complex to the west. These deposits include Cottonbelt and
Jordan River on the flanks of Frenchman Cap dome and Big Ledge on the
southern flank of Thor O0din dome (Fig. 28). These deposits are large,
stratabound, sulphide-rich layers within well-layered platformal
successions of dominantly carbonate, schist, and guartzite {Hoy, 1982).
The immediate host rocks are generally calcareous schists. Pyrrhotite
and sphalerite are the dominant sulphides, with galena and pyrite as
minor phases. Shuswap deposits, and the Rift deposit, are part of the
enclosing stratigraphic succession and have undergone all phases of the
intense regional metamorphism and deformation. They are examples of the
'exhalitive sedimentary' (or gsedex) deposits of Hutchinson (1980), and
formed by base metal accumulations in a shallow marine, dominantly
clastic environment.

Age estimates for the Rift showing from galena-lead isctope data

(Ce I. Godwin, personal communication, 1984) summarized in Hicks (19282}
are Lower Cambrian to Upper Hadrynian (approximately 0,52 Ga)., Similar
isotopic characteristics and age estimates are obtained for the
stratiform deposits of the Anvil distriet, Yukon Territory and the
Cottonbelt deposit (Hicks, 1982}).
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HARRISON LAKE PROGJECT
(928/5, 12; 92G/9, 16)

By G. E. Ray
Minjgtry of Energy, Mines and Petroleum Resources

and

S. Coombes
Rhyolite Resources Inc.

INTRODUCTION

8ix days were spent in the Harrison Lake area during the summer of 1984,
This fieldwork included geochemical sampling of various rock suites in
the vicinity of Doctors Point and geclogical mapping a stratigraphic
section in the Fire Mountain area. The latter work also involved
examining and sampling the Money Spinner (Mineral Inventory 92G/NE-2) and
the Blue Lead (Mineral Inventory 92G/NE-4) gold-bearing veins which form
part of the Fire Lake gold camp. This report concerns ongoing research
into the geology, geochronology, and gold mineralization of the Harrison
Lake fracture system; previous recent work on the regional mineralization
is outlined by Ray, er al. (1984).

RN MINE (GEC)} (Mineral Inventory 92H/EW-92}

The defunct RN gold mine, situated approximately 4 kilometres northeast
of Harrison Hot Springs, lies within a biotite-~horablende diorite close
to its intrusive margin with Chilliwack Group metapelites. The gold is
hosted in thin, massive guartz veins that carry disseminations and clots
of pyrrhotite, pyrite, and sericite with traces of chalcopyrite and
melybdenite (Ray, et al., 1984). Some veins also contain traces of
scheelite and bismuth telluride (D. MacQuarrie, personal communication,
1984). The sericite in these veins gives a K/Ar age of 24.5%1 Ma (J.
Harakal, persconal communication, 1984; Table 1); this is the apparent age
of the gold mineralization. Biotite and hornblende concentrated from
samples of the diorite pluton host are currently being dated by XK/Ar

methods.
TABLE 1
K/Ar AGE DATE, RN MINE, HARRISON LAKE®

Fleld Materlal
No. Location Rock Type Analysed Age (Ma)
RR 55 Adlt entrance of defunt RN Quartz veln with Serlcite - 24,5%1.0

mine, 4,5 kilometres northeast sertclte, pyrrhotlte, (-40+80)

of Harrison Hot Springs and pyrite

(49°20"10"N, 122°45'01"W}

*oltected by G, E, Ray (1983)
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DOCTORS POINT

The simplified geclogy of the Doctors Point area, situated approximately
45 kilometres northwest of Harrison Hot Springs, is shown on Figqure 34.
A suite of moderately dipping volcanic, volcaniclastic, and sedimentary
rocks are intruded by five bodies of diorite to guartz diorite
composition that range from less than 50 metres to over 2 kilometres in
diameter. These are surrounded by a 100 to 300-metre-wide hornfels
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¢ Dectors Paint -~
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2}\ 8ay =
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\_?I
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DIORITE-QUARTZ ™ Lo 1
DIORITE T ) 3, BASE METAL-R'CH VIEN
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Figure 34, Geology of the Doctors Point area, Harrison Laka,
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aureole marked by pervasive recrystallization, the growth of fine-grained
biotite, and the local development of cordierite, andalusite, and
pyrite-pyrrhotite. The gold-silver mineralization is hosted in narrow,
gently dipping, vuggy gquartz-sulphide veins that show an overall spatial
association to the pluton margins (Fig. 34) and which have followed
pre-existing low angle fractures; these probably represent cone
sheet~type fractures formed during the diorite intrusion. Veins are
found in 12 separate localities (Fig. 34), 11 of which are underlain by
either diorite or hornfelsic rocks. These veins generally contain
moderate to high gold values and are enriched in arsenopyrite and pyrite
with traces of galena and sphalerite. However, the southernmost
mineralized fracture (Fig. 34) lies outside the hornfelsic aurecle that
surrounds the plutons. Purthermore, it is not associated with quartz
veining and containg little gold, but is enriched in silver, lead, zinc,
and arsenic. This zone contains pyrite, arsenopyrite, tetrahedrite, and
galena, together with alteration minerals that include scorodite,
anglesite (PbSOy), schultenite (PbHAsSO4), jarosite, and malachite

(J. Kwong, persconal communication, 1984). Thus, a temperature-related
mineral and element zoning probably exists in the area, with gold being
found closer to the pluton margins and base metals predominating ocutside
the hornfelsic envelope.

The age of the volcano-sedimentary sequence is uncertain. Monger {1970)
included these rocks within the Upper Jurassic Mysterious Creek
Formation, while Ray, et al. (1984) suggested that the gequence

belongs to the Middle Jurassic Harrison Lake Group {(Crickmay, 1925).
However, Mr. Neil Froc of Rhyolite Resources Inc. discovered an ammonite
fossil in the area (Fig. 34), which was identified by Dr. H. Tipper
(personal comminication, 1984) as Cleoniceras perezianum of Middle

Albian age. Thus the sequence at Doctors Point is prohably Early
Cretaceous in age, and possibly represents a lateral eguivalent to the
Gambier Group. The fossil was found in float at the base of an old
roadside outcrop of grey, cherty tuff below British Columbia Hydro tower
No. 36-1. Identical lithologies make it probable that the fossil-bearing
float was derived from the adjacent outcrop, although a systematic search
in the immediate vicinity failed to locate further fossils.

Biotite and hornblende samples extracted from the Doctors Bay pluton
(Fig. 34) are currently undergoing X/Ar analysis for age dating.

However, a preliminary estimate of girca 25 Ma from the biotite

{(J. Harakal, personal communication, 1984) suggests the diorite bhodies
were contemporaneous with gold-bearing veins at the RN mine,
approximately 45 kilometres to the southeast. Thus, a synchronous event
c¢haracterized by regional plutonism and gold mineralization probably took
place along the Harrison Lake fracture system in Late Oligocene-Rarly
Miocene time.

Contrary to preliminary conclusions of Ray, et al. (1984), the

mineralization at Doctors Point is now believed to be genetically and
temporally related te the diorite plutons and probably represents a late
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hydrothermal phase of this magmatic event. The Nagy and Doctors Bay
plutons (Fig. 34}, and the siliceous hornfels immediately adjacent to
their margins, locally ceontain abundant pyrite and pyrrhotite, although
these sulphide-rich pocketg are not enriched in gold or silver. The
gold-silver mineralization postdates both the intrusion of the plutons
and a late suite of mafic dykes. The postulated sequence is:

(1) emplacement of the diorite plutons with some barren sulphide
mineralization, accompanied by low angle cone sheet fracturing in the
hornfels aureole (Fig. 35); (2} intrusion of the mafic dykes; (3) minor
thrust faulting along the fractures; (4) gold-silver-arsenic
mineralization along some of the cone sheet Fractures; and (5) late
subvertical faulting. Veins generally dip toward the pluton cores and
are associated mostly with the Doctors Bay pluton, although a few veins
lie within or adjacent to the Doctors Point and Nagy plutons (Fig. 34).
This suggests that the five diorite bodies in the area are related and
probably represent apophyses of a single major body.

Cone sheet P
fractures and vein | _ -~
~
N\
- N
=/ <
.Efll’ / *'A“Ilﬂhn -
Y ANl
/% /// +i:ii+++++1++ // Bﬂ?.,mei/ﬂl-fmh
Unaterod vlcanic end f N 7
sediméf;/a/r/v rock /7 t //%///f

cks +++Diorite Pluton +++ %
7 ;///4% Foeaat bbb estt st 4 Envelopes (78 acious metal-rich
0000 Hitnm T

Ftgure 35, Model deplcting development of cone sheet fracturing and assoclated

veins to explaln Doctors Point minerallzatlon (adapted after Anderson
and Jeffreys, 1936),

FIRE MOUNTAIN-FIRE LAKE AREA
INTRODUCTION
This area, situated approximately 25 kilometres northwest of the north

end of Harrison Lake (Fig. 34), is underlain by the Upper Jurassic to
Lower Cretaceocus Fire Lake Group (Roddick, 1965), a 4 500-metre-thick

123



sequence of largely sedimentary rocks with lesser amounts of volcanic
greenstone. The Fire Lake camp (Ditson, 1978) includes six mineralized
veins, five of which are clustered in the vigcinity of Fire Mountain

(Fig. 38; Table 2). All are quartz veins hosted in greenstones and they
carry chalcopyrite and sporadic native gold. Two of the veins, the Money
Spinner and the Blue Lead (Mineral Inventory 92G/NE-2 and 92G/NE-4), were
visited and sampled during this study. The sixth vein, the Dandy
{Mineral Inventory 92G/NE~10), which lies 10 kilometres northwest of Fire
Mountain, is a lead-zinc-bearing quartz carbonate vein hosted in
brecciated sedimentary rocks (Ditson, 1978).

TABLE 2
AREAS WITH MINERALIZED VEINS ASSOCIATED WITH THE HARRISON LAKE FRACTURE SYSTEM
Reported
Name Ml No. Host Type Gangue Mineraltzation
Money Splnner 92G/NE=-2 Greenstone Quartz Cu=-Au
Barkoola 92G/NE-3 Greenstone Quartz Cu=-Au
Blue Lead 92G/NE-4 Greenstone Quartz Cu=-Au
King No. 1 92G/NE-5 Greenstone Quartz Cu-Au
(Star)
Richfleld 92G/NE-6 Greenstone Quartz Au
Dandy 92G/NE=10 Brecclated sedimentary Quartz=-carbonate Pb=Zn~Ag-Au
(May f lower) rocks
Doctors Potnt 92H/NW=T1 Dlorlte and hornfeised Quartz Au=Ag-As-B1
(Nagy) votcanlc and sedimentary
rocks
Providence Mlne  92H/NW-30 Graenstona Quartz-carbonate Pb=Zn=-Ag=-Au
RN Mlne 92H/SW92 Dlorite Quartz Cu=-Au
(Geo)

GEQLOGY OF THE FIRE MOUNTAIN-FIRE LAKE AREA

Details of a single geological traverse over the area are on Figure 36,
and a geological section across the 2 S500-metre-thick, northeasterly
dipping succession is shown on Figure 37. Bedding~cleavage intersections
and minor fold structures indicate that the section occupies the northern
limb of a major, southeast-trending antiform (Fig. 37). Vague graded
bedding in some wacke horizons suggests the segquence is upright, and
apart from local areas of tight folding north of Fire Mountain (Fig. 37),
there is no evidence of major structural repetition in the succession.

Three broad divisions are recognized in the succession: a lower
700-metre-thick volcanic greenstone unit with possible subvolcanic
intrusive rocks, an intermediate 1 000-metre-thick sequence of mainly
wacke, conglomerate, and volcaniclastic rocks, and an upper
800-metre~thick unit of argillite and minor amounts of wacke. The upper
unit consists largely of poorly bedded, well-cleaved, black to grey slaty
argillites that are generally pyritiferous. These are locally
interbedded with siltstones, while on the northern slopes of Fire
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Mountain there are thin, tightly folded horizons of lithic wacke
containing 8 to 15-centimetre-thick beds of marl and impure limestone.
These calcareous beds are tightly folded, disrupted, and boudined.

The middle unit includes abundant green-coloured wacke, lithic wacke, and

water-lain tuff that

include conglomerates with angular to subrounded felsic and intermediate
volcanic clasts up to 8 centimetres in diameter, together with green to

locally shows graded bedding. Other rock types

grey, volcanogenic siltstone that display rare ripple markings and

grading. The middle

unit also includes minor amounts of wvolcanic

breccia, rare thin mafic flows, and some agquagene breccias.
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The lower unit (Fig. 37) comprises massive, fine-grained, equigranular
volcanic greenstone, and porphyritic greenstone characterized by rounded
feldspar phenocrysts up to 1 centimetre in diameter. It is uncertain
whether the porphyritic greenstone is an extrusive or a subvolcanic
intrusive rock. TLocally the lower unit includes minor amounts of
volcanic wacke and bedded tuff, together with volcanic breccia containing
clasts up teo 2 centimetres in diameter. Highly disrupted layers, lenses,
and pods of red jasper up to 0.3 metre thick occur in the vicinity of the
Money Spinner adit, close to the contact between the lower and middle
units. The massive to finely banded jasper is associated with aguagene
and volcanic hreccias and bedded tuffs, and contains disseminated
magnetite and specular hematite with traces of chalcopyrite and
malachite. ¥No attempt was made to trace the Jjasper-bearing horizon along
strike, but malachite-stained, jasper-bearing float was noted at several
locations in scree material for approximately 200 metres northwest of the
Money Spinner adit. Jasper at the volcanic-sediment interface could
indicate submarine exhalitive activity, which suggests that the Fire Lake
Group is a viable exploration target for massive sulphide

mineralization.

sSw NE
Fire Mountain

metres | feet

2100 —L?OOO

Jasper hearing
horizon

=

Figure 37, Southwest-northeast gecloglcal section through Fire Mountain
(for symbols see Fig. 36),

The area was affected by one episode of regional folding which produced
major and minor folds with southeast-striking, steep northeast-dipping
axial surfaces and gentle to moderate, southeasterly plunging axes. This
deformation was accompanied by development of a slaty cleavage in the
argillites and some wackes, and the local development of a fracture
cleavage in the greenstones. The argillites were deformed subsequently
by late kink folds whose axial surfaces strike east-northeast and along
which there has been local faulting and the subsequent injection of
narrow quartz veins. As well as the Money Spinner and Blue Lead veins,
other guartz wveins noted in the area include a 0.3-metre-wide,
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southeasterly striking, muscovite and pyrite-bearing vein approximately
1.5 kilometres north of Fire Mountain (Fig. 36) and numerous irreqular,
gash-filling veins within wackes and lithic wackes south of Fire
Mountain. These are steep to gently inclined and up to 0.4 metre wide;
they contain milky quartz and minor amountg of feldspar but no
sulphides.

Small-scale intrusions in the area include late, 0.5 to 3-metre-wide,
northeasterly trending dykes of felsic, amphibole-bearing feldspar
porphyry that intrude the argillites. Some dykes follow the disrupted
axial planar surfaces of the kink folds, but postdate the thin quartz
veins. It is uncertain whether an outcrop of pale, fine-grained feldspar
porphyry within the argillites 0.3 kilometre north of Fire Mountain is an
acid volcanic flow or an intrusive rock. BApproximately 0,75 kilometre
further north, a single, deeply weathered 4-metre-wide andesitic sill
intrudes the slaty argillites (Fig. 36}.

GEQLOGY OF THE MONMEY SPINNER AND BLUE LEAD VEINS

The Money Spinner vein, situated approximately 1 kilometre southwest of
Fire Mountain (Fig. 36), was discovered and worked in the 1890's and some
subsequent work was done in the 1930's. Approximately 180 metres of
underground workings were driven on the property, and reportedly the vein
was exposed for over 300 metres on surface (Roddick, 1965). Both the
vein and the host rocks are well exposed at the entrance tc the collapsed
main adit, which lies immediately above the ©ld waste dump. The remains
of a shorter tunnel are discernible approximately 40 metres lower down
the hillside.

The 1 to 1.3-metre-wide vein strikes north-south and dips 65 degrees
west. Tt has a ribboned appearance, comprising layers of white quartz
between 0.5 to 2.5 centimetres wide separated by thin partings of black,
sheared chlorite. Many quartz crystals are elongated parallel to the
layering and exhibit a pronounced mineral lineation that plunges 35
degrees toward a 205-degree direction. The vein contains variable
amounts of chalcopyrite with traces of bornite and sericite and some rare
quartz-lined vuggy cavities. 1In parts the vein is malachite stained but
no visible gold was detected.

Most of the vein material on the waste dump comprises ribbonaed,
chalcopyrite—bearing quartz, similar to that in the vein outcrop.
However, the dump also contains material not seen on surface; this
consists of very coarse-grained, randomly orientated guartz intergrown
with crystalline masses of pale brown calcite. Trace amounizs of fine
gsericite and dravite (tourmaline) were identified (J. Xwong, personal
commanication, 1984}, but no sulphides or gold were seen.

The westerly dipping Money Spinner vein has sharp margins and lies within
4 north-south-striking fault. The hangingwall consists of “eldspar
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porphyry greenstone, while the footwall comprises highly altered,
green—coloured tuff, wacke, and aguagene breccia that locally carries
thin, disrupted jasper horizons. The preferred orientation of gquartz
crystals in the vein and the interpreted displacement of the stratigraphy
suggest that the hangingwall moved upward and southward relative to the
footwall.

The Blue Lead vein, which lies about 2 kilometres northwest of Fire
Mountain (Fig. 36), was visited by one author (8. Coombes) during this
present survey. The vein varies from 20 to 60 centimetres in thickness,
strikes east-west, and dips approximately 50 degrees north. The vein
material resembles the white ribbon-textured guartz ocutcropping at the
Money Spinner adit and contains thin, dark chloritic laminae orientated
parallel to the sharp vein margins. The malachite-stained guartz
contains occasional small vugs, as well as minor amounts of chalcopyrite
and traces of sericite, hematite, dravite {tourmaline), and wvisible
native gold. A subparallel, 10 to 30-centimetre-thick quartz vein occurs
5 metres north of the main vein, but this apparently carries no
sulptides. A 10-metre~long decline has been driven down the main vein,
and the host rocks comprise green-coloured, faintly layered rocks that
are interpreted to be an interbedded seqguence of volcanogenic sedimentary
rocks and greenstones.

CONCLUSIONS

All known mineralization associated with the Harrison Lake fracture
system (Fig. 38; Table 2) appears to be vein type {Ray, et al..,

1984) that, on the basis of vein mineralogy and host rock lithology, can
be breoadly separated into three types:

{1) Gold-bearing guartz veins which have variable preciocus metal and
sulphide mineralization but are genetically and temporally related

to a 25-Ma episode of regional diorite plutonism. These veins are
seen at Doctors Point and at the RN mine (Fig. 38).

(2) OQuartz veins in the vicinity of Fire Mountain (Fig. 38) which ars

hosted in greenstones and carry sporadic free gold and chalcopyrite.
The Money Spinner and Blue Lead are examples of this type.

(3} Quartz carbonate veins carrying galena, sphalerite, silver, and
gold; these occur at the Providence mine (Mineral Inventory

92H/NW-30) and probably comprise the Dandy vein.

The mineralized veins at Doctors Point are related to dioritic plutons
which preliminary X/Ar dating suggests are 25 Ma in age. This date
coincides with a K/Ar of 24.5 Ma from gold-bearing veins associated with
similar dioritic rocks at the defunct RN mine at the southern end of
Harrison Lake (Fig. 38). Thus, the gold mineralization at both
localities may form part of a synchronous, regiocnal, magmatic-related
Tertiary event along the Harrison Lake fracture system. This episcde
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is also coeval with some ages obtained from both the Mount Barr and
Chilliwack batholiths {(Richards and White, 1970), which lie along a
projected southeasterly extension of the Harrison Lake fracture system.

The veins at Doctors Point exhibit a close spatial relationship to the
margins of the plutons and were controlled by pre-existing, gently
inclined cone sheet-type fractures that developed during forcible
intrusion of the diorite {Fig. 35). Some temperature-related precious
and base metal zoning is apparent within the vein system, and recognition
of the cone sheet fracture control may help locate other mineralized
veins in the district.

Fossil evidence indicates that the volcanic and sedimentary sequence
hosting the diorite bodies at Doctors Point are Middle Albian in age, and
thus may be lateral equivalents to the Gamhier Group (Armstrong, 1953;
Roddick, 1965}, which elsewhere hosts the Brittania and Northair deposits
(Barr, 1980; Payne, et al., 19280}). This, and the presence of

andesitic and acid volcanic and pyroclastic rocks at Doctors Point,
suggests that the area warrants exploration for Xuroko-type, massive
sulphide mineralization. Likewise, the recognition of a jasper-bearing
exhalite horizon on Fire Mountain alsc indicates that parts of the Fire
Lake Group may have massive sulphide potential.
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SURFACE AKRD UNDERGROUND GEOLOGICAL STRUCTURES
AT THE CAROLIN GOLD MINE
(92H/11)

By G. E. Ray
Ministry of Energy, Mines and Petroleum Resources

and

R.J.E. Niels
Carolin Mines Ltd.

INTRODUCTION

The Carolin mine gold deposit is situated about 20 kilometres northeast
of Hope. The complex, replacement-type mineralization is hosted in
Jurasgsic metasedimentary rocks of the Ladner Group, close to both their
unconformable contact with Early Triassic (?) volcanic greenstones and
their faulted contact with ultramafic rocks of the Coquihalla serpentine
belt (Fig. 39). The mine started reqular production in 1932; ore
reserves at that time were reported to be 1.5 million tonnes averaging
4.8 grams gold per tonne, at a cutoff grade of 2.7 grams gcld per tonne.

The sulphide-albite~gquartz-gold mineralization is both lithologically and
structurally controlled within the hinge regions of large scale
antiformal folds (Shearer and Niels, 1983). Both the major and minor
geological structures mapped on surface at Carolin mine (Figs. 39 and 40)
can be correlated with these subsurface, ore-controlling folds. This
report presents an analysis of the surface structural data which can be
used to predict the orientation and geometry of the ore-related folds.

GEOLOGICAL STRUCTURE AT CAROLIN MINE

The structural history of the mine area is shown in Table 1. The first
deformational episode resulted in tectonic inversion of both the Ladner
Group and the older greenstone sequence, although no related folds or
structural planar fabrics from this episode have been recognized. The
second deformational event (D2) produced the dominant fold pattern in the
mine area (Table 1). This formed upright, concentric¢ to overturned and
asymmetric minor and major folds; the major structures have wavelengths
of 60 to 110 metres and amplitudes between 25 and 50 metres (Fig. 40;
Ray, 1982). The D2 event was associated with the imposition of a weak to
intense axial planar slaty cleavage in the siltstones and argillites,
together with a well-marked bedding-cleavage intersection lineation
orientated subparallel to the fold axes. This cleavage and mineral
lineation is generally absent in the coarse-grained wacke units.
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TABLE 1
HISTORY OF EVENTS IN CAROLIN MINE AREA

Age Event

Late faulting - southeast-trending set followed by
a northeast to east-northeastly striking set.

Large scale dextral strlike-slip movement along the
Hozameen fault,

39 Ma intrusion of the Needie Peak pluton and related
falsic dyke swarm,

Middie to Late D3 - Asymmetric foldings Local kink folding and

Cretaceous strain slip cleavage development,

Middle to Late D2 - Major concentric to simllar~type, open to

Cretaceous Tight asymmetric folding with southeast=s¥riking

axtal planes and gentiy Inclined,
northwest-plunging axes. Development of regional

slaty cleavage and minaeral |Ineation,
Middle to Late D1 - fasterly directed thrusting along the Hozameen
Cretaceous fauit causing tocal structural inversion of the

Ladner Group and clder volcanic greenstones,

Early Jurassic to Deposition of the Ladner Group and other younger
Earty Cretaceous sedimentary rocks of the Pasayten trough,

UUuuuuy  Unconformi ty

Early Triasslc (7} Greenstone volcanic eruption,

The geclogical cross-sections on Figqure 40, together with a stereoplot of
poles to bedding (Fig. 42a), show that most of the D2 structures in the
mine area are open to tight, concentric, upright folds. These have
southeasterly striking axial planes that dip steeply northeast at an
average of 75 degrees (Fig. 42B). Lineation plots (Fig. 42C) reveal that
the D2 fold axes have an average plunge of 12 degrees in a northwesterly
direction; this is essentially similar to the estimated 20-degree
northwesterly plunge of both the Carclin mine orebody and the axes of its
controlling antiformal structures (Shearer and Niels, 1983).

While most D2 folds in the mine area are concentric and upright (Fig.
42n), there is the local development of tighter, asymmetric, similar-
style folds that are overturned to the southwest (Fig. 40)}. Many of
these small scale, overturned structures have disrupted, faulted hinge
zones along which quartz veins are locally injected (Fig. 41); an
identical pattern of fold hinge disruption is recognized in the large
scale, ore-controlling, overturned folds mapped underground (Shearer and
Wiels, 1983). Figures 42D and 42E show that both the late faulting and
quartz veining in the mine area are controlled strongly by the D2 slaty
cleavage, and not by the bedding.
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Figure 41, D2 slmilar-type folds In Ladner Group bedded
sittstones. Note quartz velns {cross pattern}
and disrupted hlnge zones, (Taken from photograph
of road outcrop, 290 metres east-northeast of old
ldaho adlt, Carclin mine),

CONCLUSIONS

The dominant (D2} fold episode deforming the Ladner Group in the Carolin
mine area produced mostly upright, concentric, open to tight structures.
Locally, however, tighter, asymmetric, similar-style D2 folds were
developed; these are overturned to the southwest and often have
digrupted, faulted hinge zones.
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The mineralization at Carolin mine is largely confined to favourable
lithological horizons within the hinge portions of large scale D2
antiformal folds {(Shearer and Niels, 1983). These ore-controlling
structures are identical in style to the overturned, asymmetric folds
with disrupted hinge zones seen on surface at Carolin mine (Fig. 41).
They have axes that plunge gently northwest and southeasterly striking
axial planes that dip steeply northeast.

The temporal relationship between the gold mineralization and the D2
folding is unknown, although some of the associated quartz veins in the
deposit have followed the slaty cleavage; this suggests mineralization
either accompanied or succeeded the D2 structural episode. The
orientation of the later faulting, which displaces the ore zones (Shearer
and Niels, 1983), has also been largely controlled by the axial planar
slaty cleavage rather than the sedimentary bedding: this fracturing is
concentrated preferentially in the fold hinge areas.
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TERTIARY/TRIASSIC LITHOGEOCHEMICAL STUDY
NORTH KAMLOOPS LAKE AREA
(921/10, 15)

By M. Mihalynuk
Department of Geology and Geophysics, University of Calgary

and

G.P.E. White
Ministry of Energy, Mines and Petroleum Resources

INTRODUCTION

During 1973 a hole was diamond drilled approximately 2.4 kilometres
northwest of Red Point as indicated on Figure 48. The hole is reported
to have intersected 1.6 per cent copper from 151 to 157 metres. A
program of mapping and lithogeochemistry was carried out with two
objectives in mind: (1) to discover potential copper abundances in the
overlying Tranguille Formation derived from a possible underlying
metallic sulphide deposit in the Nicola Group, and (2) to analyse for
gold, silver, mercury, and arsenic te discover anomalies in the
Tranquille that might lead to discovery of a precious metal deposit.

Rock samples were analysed at the British Columbia Ministry of Energy,
Mines and Petroleum Resources' laboratory and the results are tabulated
in Tables 1 and 2 (pages 154 to 157). For geochemical comgarison
purposes the Triassic to Lower Jurassic¢ rocks have been placed in one
group {Table 1) and the Eocene rocks in another. WNicola Group volcanic
breccias, flows, and tuffs of andesitic to basaltic composition are
recognizable in the field. Although the intensity of both epidote,
calcite, hematite, chlorite alteration, and orthoclase feldspar
metasomatism varies from outcrop to outcrop, copper values seem to be
higher in the more altered rocks. Results for Eocene rocks of the
Tranquille Formation are listed in Table 2.

North of Red Point, samples MM 82-76, 77, 78, and 79 are included with
Triassic rocks based on the geochemical data; they are believed to be
transported Nicola velcaniclastic rocks.

ANALYTICAL METHODS

Atomic absorption was used to analyse for gold (MM series only), silver,
arsenic, and mercury. Gold for the GW series has a different gold
detection limit than the MM series because GW samples were analysed by
the gravimetric method. Gold values for MM samples are expressed in ppb
while GW samples are in ppm.
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GECLOGY
INTRODUCTION

The area is underlain by Upper Triassic to Lower Jurassic Nicola volcanic
and Iron Mask intrusive rocks, unconformably overlain by Eocene
sedimentary and wvolcanic rocks of the Tranquille Formation.

Topographic changes are moderate, except for deeply incised stream
valleys which give rise to cliffs in excess of 100 metres high.

In the following sections, numbers in parenthesis refer to outcrop sites
on the plan (Fig. 48).

TRIASSIC

The Nicola Group consists of flows, flow breccias, tuff breccias, lapilli
tuffs, and, locally, finely laminated tuffs that are brown-marcon in
colour if altered to hematite or green if altered to epidote-chlorite;
all are of andesitic to basaltic composition. The crystal tuffs form
outcrops northeast of Red Point (20) and generally can be traced in the
field. Flows and flow breccias are often porphyritiec with ophitic te
subophitic texture due to closely spaced euhedral to subhedral, fine to
medium—grained plagioclase grains in an epidotized and chloritized, green
matrix. A basalt dyke of possible Tertiary age was noted near the
railway line northeast of Red Point (86); it intrudes a basalt flow. A
lahar-like bed (18} containing polylithic, rounded clasts up to 15
centimetres in diameter 1is present below a waterfall south of the old
Maxine mine workings and just south of the crystal tuff outcrop {(20).

The number of marker horizons are insufficient to estimate stratigraphic
thicknesses of the Nicola Group.

The entire Wicola Group volcanic intrusive sequence has been subjected to
pervasive epidote, chlorite, carbonate, and orthoclase feldspar
alteration which abruptly varies in intensity from place to place. The
most intense alteration was observed near Frederick siding. &although the
original character is, for the most part, still apparent, Nicola rocks
are on occasion changed to brick red syenite. The stronger alteration is
commonly accompanied by copper mineralization.

The contact between Triassic and Tertiary rocks was not found. It is
possible that a few large (10 by 20-metre) transported blocks of Triassic
are present within Tertiary rocks above Red Point (75 and 77).

TERTIARY

The Tranquille Formation in this area consists of a basal sedimentary
unit overlain by a sequence of volcanic rocks of basic to intermediate
composition. Basalt and andesite dykes with a general northwesterly
strike crosscut both the volcanic and sedimentary units.
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The basal sedimentary unit is at least 40 metres thick and consists of
sandstone, siltstone, mudstone, chert, and minor amounts of conglomerate.
Grey to greyish white tephra layers are present in this unit north of Red
Point; Fish fossils were found at sites (69 and 76) in a fissile arkosic
sandstone; plant fossils and coaly fragments are common in this thinly
bedded, basal section. O0Olivine basgalt and augite porphyries in
15-metre-thick layers that contain 4-metre-long pillows with
discontinuous, interpillow sandstone wedge occuy with the sedimentary
beds west of the study area.

Volcanic rocks overlying the basal sedimentary unit consist of augite
porphyry, olivine basalt, augite porphyry, breccia, pillowed basalt,
pillow basalt breccia, andesite breccia, and basalt and andesite flows,
as well as trachyte porphyry, flows, ash flows and dykes, and rhyolite
ignimbrite. Bentonite beds 7 metres in thickness and derived from
basaltic glass are interlayered with the basalt flows.

Basalt and andesite dykes that cut the sedimentary and volcanic rocks
measure up to 10 metres in width, strike 120 degrees, and are nearly
vertical.

A new location (51) of the zeolite Fferrierite is shown on Figure 48. The
identity of this rare wmineral was recognized in the field and later
confirmed in the laboratory. Another better known Fferrierite locality in
this region is at mile 17.5 of the Canadian National Railway, west of the
map-area.

DISCUSSION OF LITHOGEOCHEMICAL RESULTS

A series of histograms accompany this report (Figs. 49 to 54, pages 158
to 160). The mean value of copper for Triassic rocks is 70 ppm and is
somewhat higher than the mean of 50 ppm for Tertiary rocks. The broad
scattering of wvalues in this distribution is a reflection of the degree
of alteration and attendant copper mineralization of the Nicola/Iron Mask
rocks. Tranguille rocks, in contrast, show a much more concentrated
distribution of wvalues reflecting a substantially lower degree of
alteration.

Mean values for gold and mercury Nicola/Iron Mask rocks {35 and 37 ppb)
and Tranguille rocks (27 and 31 ppb) are only marginally different
suggesting that the distributions of these two metals have been less
affected by alteration in the Nicola/Tron Mask suite.
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TABLE !
UPPER TRIASSIC TO LOWER JURASSIC NICOLA GROUP AND IRON MASK, LITHOGEOCHEMICAL RESULYS

Sample No. Rock Type Au Ag Cu Hg As
ppb ppm ppm ppb  ppm
MM 82- 1 Andesite pyroclastic 39 0,3 45 33
2 Syenite 65 0.3 124 140
3 Andeslte breccia 57 <0.,3 39 35
4 Silica/calcite vein 31 0.4 92 I8
5 Quartz monzonlte 31 <0,3 34 <15
6 Andesite pyroclastic 32 0.3 440 <15
7 Andesite breccla 49 0.3 49 20
8 Andesite breccia 57 0,3 51 31
9 Andesite crystal tuff 33 0,3 62 48
10 Andesite pyroclastic 51 6.3 132 <15
11 Andesite breccia 28 <0,3 24 19
12 Andesite ftow 50 0.4 164 32
13 Sheared altered rock 36 <0,3 72 a7
14 Altered volcanlc breccla 20 0,3 25 21
15 Andesite flow 20 <0,3 21 18
16 Mineralized shear 247 0.7 3 700 282
17 Andesite flow 25 <0.3 54 41
18 Lahar (?) 36 0.3 35 19
19 Basalt tuff 28 <0.3 37 37
20 Fault gouge 52 0.5 480 43
21 Basalt breccla 33 0.3 54 16
22 Altered minerallzed rock sample missing
23 Altered basalt breccia 166 0.4 59 161
24 Altered basalt tuff 27 <03 280 27
25 Basalt crystal tuff <20 0.3 120 29
26 Mineralized basalt breccia 24 117 6 600 1 300
27 Andesite breccia 24 0.3 290 19
28 Andesite breccia 33 <0,3 105 22
55 Syenlte <20 <0.3 215 330
56 Syenite <20 0,3 51 82
57 Syanlte <20 0.3 530 700
58 Syenite 23 0.4 104 380
59 Altered crystal tuff <20 <03 215 185
&0 Altered crystal tuff 20 0.3 58 154
61 Syanite 20 0.3 26 32
62 Pyroclastic andesite 20 0.3 30 33
63 Altered andesite breccla 20 0.3 41 53
64 Basalt 40 0.3 37 66
65 Syenite 30 0.3 280 32
66 Altered basalt breccia <20 0.3 230 a1
80 Syanite 22 0,3 42 18
81 Auglite porphyry dyke 20 0,3 57 -
82 Fault zone 22 0.3 300 22
83 Altered volcanic 26 <0,3 40 30
84 Basalt flow 35 0,53 86 12
85 Andesite tuff <20 <0.3 70 10
85A Basalt at dyke contact 37 0.3 19 58
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Sampie No.

MM 82-86
868
B6C
87
87A
88

GW 131~-82
144
154
155
156
157

158
159
160
161
162
163
164
165
166

Sample No,

MM 82-29
30
31
32
A3
34
35
36
37
38
39
40
41
42

TABLE 1 (continued)

Rock Type

Basalt dyke
Basalt flow
Basalt flow clast
Basait tuff
Basatt flow
Basatt tuff

K~feldspar porphyry
K-faldspar porphyry

Porphyritic altered andesite

Andesite breccla

Basalt flow

Altererd basalt breccla
K~feldspar

Basalt breccia

Andesite flow

Andes | te

Altered flow breccia

K-feldspar-altered pyroclast

Basalt breccia
Trachytic flow
Basalt bhreccla

K-feldspar-altered basalt

TABLE 2
EOCENE TRANQUILLE FORMATION, LITHOGEOCHEMECAL RESULTS

Rock Type

Andesite breccia (Nicola ?)

Trachyte flow

S1l+stone
Rhyolite tuff
Tephra = light coloured

Trachyte dyke

Ash fiow {(?) ~ trachytic
fgnimbrite

Trachyte flow

Siltstone

Pyroctastic andesite
Andesite breccia

Augite porphyry basait
Trachyte porphyry

Au
ppb

<20
20
20
<20
20
20

A

A

ay

AA
COCOoOOCOoODo0O
-
(R VRV R RV Y RV Y
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66
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<15
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18
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<15
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Sample No,

MM

GW

156

82-43
44
45
46
47
48

49

50
52

53
54
67
68
69
694
70
70A
71
72
73
74
75
76

77
T7A
78
79

101-82

102
103
104
105
106
107
108
109
110
m
112
113
114
115

TABLE 2 (continued)

Rock Type

Porphrytic basalt

Pyroclastic andesite

Sittstone

Pyroclastic andeslte

Andesite flow

Pillow basalt augite -
porphyry

Interstitial siitstone to
pillows

Siitstone

Augite porphyritic breccia -

basalt
Pyroclastic andeslte
Augite porphyry - basalt
Andesite flow
Augite porphyry
Shale
Tephra
Cherty siltstone
Trachyte (7} ash
Stitstone
Andesite flow
Stitstone
Andesite breccia

Basal Tertiary conglomerate

Nicola fragment (1) In
Tertiary

Argillaceous slltstone

White tuff

Altered Nicola (7)

Altered Nicola (1)
volcaniclastic

Altered gray volcanic
breccia

Chert

Sandstone

Mudstone

Trachyte (7)

Basalt breccia

Sands tone

Dacite

Basalt flow

Sandstone

Basalt dyke

Basalt dyke

Basalt dyke

Augite porphyry
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<20
<20
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<20
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49 15
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38 58
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37 15
25 66
34 51
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55 15
66 20
41 39
47 16
55 30
20 19
68 12
68 15
68 17
46 20
50 50
51 65
34 16
158 23
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28 70
205 37
154 L3
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89 64
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54 13
29 50
63 19
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32 40
25 39
29 35
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TABLE 2 (continued)

Sample No, Rock Type Au Ag Cu Hg As
ppm ppm ppm ppb  ppm
GW 116-82 Basalt dyke <0,3 <10 70 40 2
17 Basalt dyke <0.,3 <10 56 17 1
118 Andesite breccia <0,3 <10 52 25 g
119 Dacite breccia <0,3 <10 55 25 3
120 Sandstone <0,3 <10 36 18 2
121 Basalt breccia <0,3 <10 52 28 2
122 Basalt braccla <0,3 <10 62 28 2
123 Basalt breccia with ash <0,3 <10 56 24 2
flow
124 Porphyritic basalt <0,3 <10 55 23 <1
125 Basalt breccla <0, 3 <10 51 25 2
126 Otivine basalt <0,3 <10 61 23 3
127 Catcite veln <0,3 <10 24 25 2
128 Sheared basalt <«0.,3 <«10 48 20 1
129 Arkosic sandstone <0, <10 40 34 4
130 Porphyritic basalt <0,3 <10 57 29 1
132 Auglite porphyry <0,3 <18 53 18 2
133 Olivine basalt <0,3 <10 41 23 2
134 Basalt flow <0,3 <10 56 18 2
135 Near-plliow basait <0,5 <10 51 22 1
136 Pillow basalt <0,3 <10 48 24 2
137 Groundmass basalt <0,5 <10 48 36 3
138 Basalt flow (1) <0,3 <10 43 27 2
139 Trachyte (?) tuff <0,3 10 32 27 3
140 Porphyritic basalt <0,3 10 29 27 3
141 Basatt fiow <0.3 10 49 20 2
142 Basalt piilow bx <0,3 10 58 24 1
143 Basatt pillox bx <0,3 10 51 21 2
145 Porphyritic basalt <0,3 10 58 <15 2
146 Sands tone <0.3 10 44 15 2
147 Basalt sill <03 10 38 54 2
148 Cherty sediment 0.3 10 67 15 1
149 Columnar basalt <0,3 10 28 16 3
150 Basalt <0,.3 10 32 21 1
151 Sandstone <03 10 23 <15 2
152 Basalt dyke <0.3 10 75 15 4
153 Phytllite <03 10 32 15 4
167 Basalt breccia fragment <0.3 10 65 22 2
168 Basait breccia fragment <0.3 10 61 <15 2
169 Augite porphyry <0,3 10 51 15 2
170 Auglte porphyry <0.3 10 57 15 2
1 Basalt flow <0,5 10 63 1% 2
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British Columbia Geological Survey
Geological Fieldwork 1984

GEOLOGY OF THE BROOKS PENINSULA, VANCOUVER ISLAND
(921./4)

By W. R. Smyth

INTRODUCTION

A brief reconnaissance of the bedrock geology of the Brooks Peninsula,
northern Vancouver Island, was made from Augqust 8 to August 13, 1984, 1In
addition, a stream sediment geochemical survey of most of the drainages
on the Peninsula was completed. This work forms the basis of a mineral
potential evaluation study of the area undertaken as part of the
Ministry's commitment to resource evaluation required for land use
planning.

The Ministry of Lands, Parks and Housing have proposed two areas on the
north side of the Peninsula totalling 3 833 hectares as Ecoclogical
Reserves (Fig. 55). They wish to protect areas of biological importance,
believed to have been glacial refugia. If the reserves are approved, the
areas would be alienated from mineral exploration and development.

The area is isolated and remote with access limited to boat or aircraft.
The two-man party was positioned at Columbia Cove by the Provincial
Museum's 50-foot research vessel, the Nesika, in conjunction with a
four-man party of paleocologists and biologisgts. The survey utilized a
zodiac boat and limited helicopter traverses. It was only partially

completed because poor weather forecasts caused the premature departure
of the helicopter.

PREVICUS WORK AND REGIONAI. GEOLOGY

Muller published the first description of the geology of the Brooks
Peninsula {Muller, et al., 1974). He identified four major
geclogical elements (Fig. 55); from northeast to southwest these are:

(1) The Westcoast Fault. A major fault that separates the Peninsula
from Vancouver Island. The adjacent Vancouver Island area is
underlain by a sequence of Triassic and Jurassic volcanic and
sedimentary rocks of the Vancouver and Bonanza Groups and granitic
rocks of the Island Intrusions.

(2) The Westcoast Complex. A variously deformed and metamorphosed
mixture of gabbroic, dioritic, and granitic rocks which underlies
95 per cent of the Peninsula.

(3} The Cape Cook Fault. A major northwest-trending structure that

juxtaposes the Westcoast Complex and the outboard Pacific Rim
Comp lex.
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(4) The Pacific Rim Complex. A melange unit that is confined to the
outermost part of the Peninsula, but is more extensive than shown on
Muller's map (1983).

A fifth element consisting of Tertiary conglomerates and sandstones crops
out on the southwest edge of the Peninsula but is not shown on Muller's
map (1983).

An area on the southeast corner of the Peninsula shown to be underlain
Bonanza volcanic rocks by Muller {(1983) is here interpreted to be under-
lain by the Westcoast Complex.

GENERAL GEOLOGY
WESTCOAST COMPLEX {(UNITS 1 and 2)

Westcoast Crystalline Complex is a term proposed by Muller and Carson
(1969) for a complex of amphibolite, basic migmatite, and gneissic quartz
diorite and gabbro that outcrops on the west coast and in inlets in the
Alberni map-area. Muller, et al. (1974) subsequently applied the

name to similar rocks that outcrop on the Brooks Peninsula. Twc main
map units (units 1 and 2) were recognized in the complex in this study.

Unit 1 - Gabbro, Metagabbro, Mylonitic Schistsa, and Mafic Dykes

Unit 1 consists of the non-granitic rocks of the Westcoast Complex. It
comprises three sub-units: la - an extensive unit of variably deformed
and metamorphosed gabbro, 1b -~ mylonitic schists, and 1c - mafic dykes.

Sub-unit 1a - Gabbro, Metagabbro, Amphibolite Gneiss, and Migmatite

Undeformed to weakly deformed gabbro constitutes less than 10 per cent of
this sub-unit. It is exposed mostly on the southeast side of the
Peninsula, away from the Westcoast fault. A crude mineralogical banding
defined by concentration of mafic minerals on a 3 to 5-centimetre scale
is developed locally on the north shore of Nasparti Inlet. The banding
is discontinuous over 2 metres and may be the result of magmatic flowage
differentiation, not gravity settling.

In most places the unit consists of foliated gabbros and amphibolites.
In zones of high strain they are converted to banded amphibolite gneiss,
such as south of Guilliams Island. Migmatite and agmatite are locally
developed adjacent to granitic intrusions, for example, south of Cape
Cook Lagoon.

Sub-unit 1a is everywhere intruded by granitoid dykes and pegmatites and,
in at least two localities, by graniteold intrusions {unit 2} up to 4
kilometres across. Foliated intrusion breccia with aligned zenoliths of
gabbro is exposed at the northern contact of the Columbia Cove granite.
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Sub-unit 1b - Mylonitic Schist

A narrow unit ({(approximately 350 metres) of banded mylonite outcrops at
the southern entrance to Columbia Cove. The mylonite varies in
composition from granitic to calc-silicate. Thin amphibolite bands are
also present. Isolated, lensoid granitic fragments up to 50 centimetres
acrogs occur surrounded in calc-silicate schists. These superficially
resemble a metaconglomerate but are more likely highly attenuated and
flattened intrusion breccia.

The northern contact of the mylonitic schists is not exposed. The
southern contact is obscured by a swarm of mafic dykes (sub-unit 1c) that
cut the schists.

Sub-unit 1c¢ - Dyke Complex

A narrow unit of fine-grained and porphyritic mafic dykes outcrops on the
south shore of Jacobsen Point. The dykes are undeformed to mildly
deformed in contrast to the schists that they intrude. They trend

160 degrees and are dark green, grey to black. Rare gcreens of
medium-grained gabbro are present.

The mafic dykes are intruded by a Tertiary(?) dyke {(unit 5), which
provides an upper age limit for them.

Unit 2 -~ Granitold Intrusions

Numerous granitic dykes, pegmatites, and two mappable granitoid
intrusions cut sub-units 1a and 1b. The intrusions are informally
referred to as the Columbia Cove granite and the Cape Cook Lagoon
granite.

The Columbia Cove granite is medium and coarse-grained,
hornblende~biotite granite. It is massive in the centre but toward the
eastern contact with the gabbros a 25-metre-wide wide zone of intrusion
breccia with a strong schistosity is developed.

The Cape Cock Lagoon granite is a deformed hornblende~biotite granite.
It contains numerous aligned and flattened inclusions and screens of

gabbro, diorite, and pyroxenite, indicating systectonic intrusion.

Locally, granitoid dykes are more deformed than the gabbro host rocks:
they were probably intruded into active shear zones.

PACIFIC RIM COMPLEX (UNIT 3)

Muller, et al., (1974) assigned the name Pacific Rim Complex to a
highly disturbed and faulted sequence of argillite, greywacke, sandstone,
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and quartzite exposed near Cape Cook. The unit is in fact a melange
containing exotic blocks or 'knockers' in a matrix of deformed black and
green shale. Some of the knockers are so large (up to 50 metres) that
they can be distinguished on a 1:50 000-scale map. The complex is much
wider than shown by Muller (1983). It forms most of the southwest coast
of the Peninsula, and the numerous rocks, reefs, and shoals that extend
up to 1 kilometre offshore. Many of these features are isolated,
resistant knockers, standing above the eroded shale matrix.

A tectonic slice or block containing bedded ribbon cherts (sub-unit 3a)
is well exposed on the coast about 1 kilometre northeast of Cape Cook.
The ribbon cherts occur in a sequence of greywacke, chert, breccia, and
lesser black shale melange. WNo tops were determined. The cherts are up
to 20 metres thick and are tightly and complexly folded. Individual
ribbons are commonly 3 to 5 centimetres thick; they are separated by thin
laminae of black argillite. The cherts are light green to grey and
weather white.

This sequence is structually overlain to the nertheast by black
brecciated argillites (?) which lie adjacent to the Cape Cook fault.

The greywackes (sub-unit 3c), which outcrop adjacent to the ribbon cherts
and as knockers throughout the melange, are fine grained, dark green to
grey, massive, and indistinctly bedded. Small rip=-up clasts of black
shale are common. Greywackes also underlie Solander Igland (C. Yorath,
personal communication), which lies 2 kilometres southwest of Cape Cook.

Knockers consisting of bedded and graded cobble conglomerate and
sandstone (sub-~unit 3b) occur in the melange 2 kilometres south of Cape
Cook. The clasts are subrounded and consist of sandstone, chert, black
argillite, guartzite, gabbro, and granite. ©One large knocker 5 metres
across contains a sequence of beds, each up to 1 metre thick, of
sandstone, conglomerate, and black shale.

Blocks of mafic pillow lava (sub=-unit 3d) occur in the melange on the
shore north of Banks Reef. The pillows contain carbonate interpillow
material.

The melange also contains a thin wedge of thinly laminated, dark grey,
fine~grained, calcarcous siltstone toward the southern contact with the
Cape Cock fault. The siltstones are extensively brecciated close to the
fault.

RHYOLITE PORPHYRY AND DYKES (UNIT 4)

Two small, post-tectonic rhyolite porphyry intrusions cut the Westcoast
Complex on the northwest coast of the Peninsula. The top of a
porphyritic rhyolite intrusion, 5 metres across cuts deformed gabbro
south of the Westcoast fault. The rhyolite is compositionally banded
parallel tc the domed contact. The rhyolite contains phenocrysts of
quartz, K-feldspar, and biotite; it weathers white.
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A 2-metre-wide, flow-banded porphyritic rhyolite dyke cuts migmatitic
gneisses on a small igland southwest of Cape Cook Lagoon. It is
compositionally similar to the rhyolite intrusion.

The rhyolites postdate major deformation and faulting in the area and are
believed to be of Tertiary age.

INTERMEDIATE DYKES (UNIT 5)

A number of northeast-trending, intermediate dykes cut both the Westcoast
Crystalline Complex and the Pacific Rim Complex. These dykes are
unaffected by the intense cataclasis associated with the Cape Cook fault
and are assumed to be Tertiary in age. The dykes are dark grey, fine
grained to porphyritic; locally they contain rounded guartz phenocrysts
or amygdules.

BOULDER CONGLOMERATE, SANDSTONE, AND MINOR BASALT (UNIT &)

A thin sequence of cobble to boulder conglomerate that passes upward into
grits and sandstones unconformably overlies cataclastic gabbro of the
Westcoast Crystalline Complex in the immediate vicinity of the Quineex
Indian Reserve (locally known as Shelter Sheds).

The conglomerates are exposed at low tide level in a narrow graben
{approximately 25 metres wide) that defines the Quineex cance run as well
as on islands and headlands 1 kilometre northeast and 0.5 kilometre
southwest. The unit is undeformed and beds dip 20 degrees oceanward.
Only about 50 metres of strata is exposed.

The unconformity surface is exposed in many places and has a relief up to
1 metre. Boulders of gabbro breccia up to 1 metre across occur on the
unconformity surface. The conglomerate contains rounded cobbles and
boulders of foliated gabbro, greenschist, granite, and cobbles and
pebbles of rounded gquartz.

A fine-grained, dark brown basalt flow or sill is interlayered with the
basal conglomerate in the Quineex graben. The basalt is exposed at low
tide and is at least 2 metres thick; the top is unexposed underwater.
The basalt tongues into the underlying conglomerates and isolated
conglomerate fragments are caught up in the basalt.

The conglomerate ig tentatively correlated with the Eocene/Cligocene
Escalante Formation, which occupies a similar lithostratigraphic position
in the Nootka Sound map area 75 kilometres to the south (Muller, 1981).
These outcrops on Brooks Peninsula are the most northerly known onshore
exposures of this formation.
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STRUCTURE

The Cape Cook faul:i is the major structure in the peninsula. It
separates the Pacific Rim Complex and the Westcoast Crystalline Complex
and trends northwesterly across the southwest tip of the Peninsula. The
fault is exposed northwest of Amos Creek where it is marked by
tectonically interleaved thin slices of limestone and chert, which are up
to 50 centimetres thick, with brecciated gabbros. At this locality,
sedimentary rocks of the Pacific Rim Complex dip steeply to the northwest
under the Westcoast Complex and the gabbros of the Westcoast Complex are
closely brecciated. Extensive brecciation of the gabbros continues for
up to 3 kilometres away from the fault. The breccias consist of angular
fragments of gabbro, generally from 3 to 10 centimetres across, in a
comminuted groundmass; no veining was noted. This cataclasis is
interpreted to have bheen caused by underthrusting of the Pacific Rim
Complex under the Westcoast Complex.

The Westcoast fault also trends northwest and is exposed at the entrance
to Johnson Lagoon. It is marked by a 700-metre-wide zone of mylenitized
Island Intrusion granite. The mylonite dips moderately to the northwest.
Brecclated and foliated gabbros and foliated greenschists of the
Westcoast Complex are juxtaposed against the mylonite. The greenschists
and the granitic mylonite are cpenly folded about northwest-trending
axes.

The Westcoast fault was not observed on the north coast where it
juxtaposes Westcoast Complex and mafic wvolcanic rocks of the Triassic
Karmutsen Formation.

MINERALIZATION

Mylonites associated with the Westcoast fault at Johnson Lagoon contain
thin stringers of pyrite. BAssays did not reveal any anomalous gold or
silver values.

Large, rusty, pyrite-bearing boulders of fine-grained granite were
observed on the headland 1.5 kilometres southwest of Johnson Lagoon.

Disseminated pyrite occurs in volcanic rocks of the Karmutsea Formaticn
1.6 kilometres northeast of the Westcoast fault at Brooks Bay.

Coarse and fine-grained placer gold has been reported from near the
junction of Amos and Gold Creeks (MINFILE 92L/248). This area was worked
in the 1910's but there is no record of production. The assessment
report (Neave, 1213} describing the work is unfortunately missing from
the Ministry's files. The scurce of the placer gold has not been
determined.
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MINERAL POQTENTIAL

The metallic mineral potential of the Westcoast Complex and the Pacific
Rim Complex appears to be low. The Cape Cook fault shows no evidence of
assnciated hydrothermal activity. The Westcoast €ault contains some

pyrite and probably deserves closer attention to evaluate its potential.

The small Tertiary rhyolite stock and dykes mapped on the north shore of
the Peninsula line up with a belt of Tertiary veolcanic rocks that trend
northeast across Vancouver Island. This trend was named the Brooks
Peninsula Fault Zone by Muller, =t al. {1974}. A warm spring,

reported to exist at the source of a small stream that exits at the
northeast corner of Drift Whale Bay, also lies on this trend. These data
indicate probable Tertiary igneous activity in this area.

Tertiary volcanic and intrusive rocks are favourable metallotects
elsewhere on Vancouver Island (Carson, 1969; Muller, et al., 1974).
Probably the greatest mineral potential of the Brooks Peninsula lies in
discovering mineralized Tertiary igneous rocks in the unexplored interior
of the Peninsula.

LAND USE RECOMMENDATION

A land use recommendation will not he made until the geochemical data is
available. Any persons knowing of additional mineral occurrences on the
Peningula are requested to make this information available to the
Ministry.
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REGIONAL GEOCHEMICAL SURVEY 12
PRINCE GEORGE (EAST HALF) AND McBRIDE (WEST HALF)
(93G/E, 93H/W, 93H/2)

By H. R. Schmitt

The British Columbia Ministry of Energy, Mines and Petroleum Resources
conducted a regional geochemical survey during July and August of 1984
which covered the eastern half of NTS 93G and the western half of 93"
and included part of 93H/2 (Fig. 56).

The Ministry funded organization, supervision, and sample collection
activities while the Department of Energy, Mines and Resources in Ottawa
funded commercial sample preparation and analyses, and data processing.
Field supervision was carried out by H. R. Schmitt under the direction of
W. J. McMillan.

Survey results in the form of sample location and value maps, a listing
of gample data, and a summary of basic statistical parameters will be
released in June, 1985 in Prince George and/or Quesnel, Vancouver, and
Victoria.

To date a total of 20 map—-areas covering approximately 264 750 square
kilometres have been sampled in British Columbia; average sample density
ranges from one site per 12.5 square kilometres to one site per 15 square
kilometres.

Field sampling for RGS 12 was carried out under contract by McElhanney
Engineering Services Ltd. of Vancouver, with an average crew of five.
Access 1s excellent through much of the survey area so mosi: sample sites
were accessed by truck and motorcycle. Base camps were situated at
Quesnel, Hixon, Purden Lake, and Wells. Helicopter services were
provided on a casual basis by Worthern Mountain Helicopters Inc. of
Quesnel and Prince George. The survey commenced on July 10, 1984 and
concluded successfully on September 2, 1984.

A total of 1 167 sites were sampled, resulting in a mean site density of
one site per 12.6 square kilometres over the 14 750-square-—-kilometre
area.

Water samples are analysed for uranium, fluorine, and pH. Stream
sediments are analysed for zinc, copper, lead, nickel, cobalt, silver,
manganese, iron, arsenic, molybdenum, tungsten, mercury, wranium, and
antimony.

The survey encompasses diverse geologic terranes which include rocks of
the Cache Creek, Takla, and Slide Mountain Groups. Exploration for gold
and silver is presently concentrated in the Wells-Barkerville area, and
adjacent to the trace of the Pinchi fault in the western survey area.
Polymetallic vein deposits associated with the Cretaceous Naver
intrusions are alsc being explored. It is anticipated that the
geochemical survey results will enhance these efforts and broaden the
scope for exploration in overburden covered areas.
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EAGLE CREEK OPAL OCCURRENCE
(93K/4W)

By T. G. Schroeter

INTRODUCTION

The Opal 1 and Opal 2 claims {(which cover the Eagle Creek opal
occurrence, Mineral Inventory 95}, located approximately 6.5 kilonmetres
west of Burns Lake, were examined on October 12, 1984. The assessment
was at the regquest of the village of Burns Lake and District Chamber of
Commerce to create a No Staking Reserve to protect an area with agate and
opal occurrences from future staking of mineral claims so that the public
can utilize it as a recreational area for the purpose of 'rock

hounding.'

The area is accessed by a well-identified and well-kept walking trail,
approximately 4.2 kilometres in length (see Fig. 57}). Walking time
to the collecting area is approximately 1 1/2 hours each way.

PROPERTY GEOLOGY

The property is underlain by flat-lying vesicular to amygdaloidal basalts
of the Endako Group (Oligocene and Miocene age). ©Outcrops are restricted
to creek valleys and locally include hoodoo structures. Elongated (up to
7.5 centimetre) and rounded leaf green agates occur in vesicles within
the basalt. White and amber agates (up to 5 centimetres in dlameter) and
rare opals = including fire opals - have been reported.

RECOMMENDATIONS

It has been recommended that the principal areas of known agate and opal
occurrences be protected by a No Staking Reserve.
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UPDATE ON THE GEOLOGY AND MINERALIZATION IN THE BUCK CREEK AREA
THE EQUITY SILVER MINE REVISITED
{93L/1W)

By B. N. Church

INTRODUCTION

This report iancludes the results of regional geological evaluations in
the Houston area and examination of the open pit operation at the Equity
Silver mine in July 1984. Current activity on the Equity property
concerns mining the Main Zone ore and exploration drilling on the new
Pipe Line Zone. The South Tail pit, which has supplied most of the ore
to date is now abandoned (Fig. 58 and Plate IV).

Rock samples collected during regional mapping in the Buck Creek

map sheet (Church, 1972) were analysed by J. Barakso of Min-En
Laboratories for pathfinder and ore elements including Ag, As, Au, C3,
Co, Cu, ¥e, Hg, Mo, Ni, Pb, and Zn. Contour maps prepared from these
data showed 'bulls-eye' pakterns around what is now the Equity Silver
mine. Recently, Barakso extended his analyses to include Ba, F, Sn, and
Sr plus the major =lements Ca, X, Mg, and Na. Contour pathterns for these
support the earlier findings (Xowalchuk, et al., 1984). It was

concluded that the geochemical dispersion reflects a genetic relationship
between the Goosly syenomonzonite body and the Equity ore deposit.

o R

s

Tailings Pond

"

Plate 1V, Panoramic view of Equity S1lver mine.
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According to this model, the Goosly stock and accompanying dykes intruded
Mesozoic host rocks mobilizing juvenile and connate solutions. This
produced a broad alteration halo containing sulphide disseminations,
replacement lenses, and vein fillings. It is possible that the Goosly
stock was only a source of heat and solutions which redistributed and
concentrated ore metals; however, there is evidence that some elements
moved directly from the intrusion.

This mineralization resulted in the Equity deposit with a total estimated
reserve of 27.4 million tonnes averaging 105.6 grams per tonne silver,
0.95 gram per tonne gold, 0.38 per cent copper, and 0.08 per cent
antimony.

GEOLOGICAL SETTING

The geclogy of the Buck Creek area and Equity mine was discussed in
detail previously in several Ministry publications by Church (1969 to
1973 and 1981) and Schroeter (1974, 1979).

The Equity mine is located within an erosional window of uplifted Eocene
and Lower Cretaceous beds near the mid-point of the Buck Creek basin.
This central uplift appears to be the result of a resurgency in a large
caldera. The perimeter of the 'Buck Creek caldera' is delineated roughly
by a series of rhyolite outliers and the semi-circular alignment of
Eocene volcanic centres scattered between Francois Lake, Houston, and
Burns Lake. A prominent 30-kilometre-long lineament, trending
west-southwest from the mine and central uplift, appears to be a radial
fracture coinciding with the eruptive axis of the Tip Top Hill volcanics
(77.1%2.7 Ma) and a line of syenomonzonite stocks and feeder dykes to an
agsemblage of 'moat volcanics', which include the Goosly Lake lavas and
breccias (49.7%11.8 Ma) (Figs. 59 and 60).

The principal host rocks at the Egquity mine are Mesozoic volcanic and
sedimentary beds correlative in part with fossiliferous* Skeena Group
units exposed on the north shore of Franceois Lake. The chief sulphides
are pyrite, chalcopyrite, pyrrhotite, and tetrahedrite, with minor
amounts of galena, sphalerite, and some sulphosalts. These are
accompanied by clay minerals, chlorite, specularite, and locally
sericite, pyrophyllite, andalusite, tourmaline, and minor amounts of
scorzalite and corundum.

LITHOGEOCHEMISTRY

A primary lithogeochemical study was completed on 2 119 rock samples from
the Buck Creek map-area, including the Equity mine site. The vesults for
precious and base metals highlight the known ore deposits, many mineral
showings, and some previously unrecorded mineral occurrences.
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Arsenic proved to be an excellent pathfinder for the ore minerals and
confirmed caldera structures. The regional pattern for anomalous arsenic
is annular in general form with a centrally located concentration over
the resurgent area of the caldera (Fig. 60).

Dispersion of elements in vicinity of the Equity mine was described by
Church, et al., (1981) and Kowalchuck, et al., (1984). Figure 61

is a reproduction from Kowalchuck with K added to the Ag, As, Cu
composite pattern. To ensure a realistic representation of results
contours for these elements were constructed using a 1/r2 radial
weighting factor applied to a grid of moving average values.

Figure 61. Composite Iithogaochemistry for pathfinder and ore elements,
Equity Siliver mine (modifled after Kowalchuk, et al., 1984),
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The element contours are mostly closed about the Equity orebody. Silver
exceeds 1 ppm within a 1-square-kilometre area covering part of the Main
Zone and the undeveloped Pipe Line Zone to the northeast. Copper is
above 100 ppm over the entire orebody and distal terrain radially for
about 1 kilometre. Arsenic greater than 5 ppm includes much of the
pre-Tertiary window containing the ore zone, the Goosly stock, and a
gossan zone at the east contact of the stock. Potassium shows the
greatest dispersion forming a broad northeast-elongated aureole extending
well beyond the Goosly stock and metal anomalies.

The transgression of element contours across geological boundaries is a
conspicuous feature of the Equity deposit. Sulphides are found
throughout the Skeena stratigraphy including sulphide stringers in the
basal clastics, ore mineralization of the dust tuff, and disseminations
in the overlying volcanic pile and subjacent Tertiary rocks. This
evidence points to the Goosly stock as the main source of mineralizing
solutions.

DISCUSSION

Mining on the Equity property since April 1980 has afforded an excellent
opportunity to study this deposit (Fig. 58). With recent delineation of
the Pipe Line Zone, north of the main pit, the full length of the orebody
is now known to exceed 1 500 metres. Open pit excavation began on the
South Tail Zone, situated midway between the Waste Dump grznite and the
Goosly syenomonzonite stock and is now underway on the Main Ore Zone to
the northeast at the contact of the syenomonzonite., The Pipe Line Zone,
centred about 1.5 kilometres northeast of the Waste Dump granite, appears
to be an extension of the Main Zone wrapping around the northwest flank
of the syenomonzonite. A peculiar ring dyke-like appendage of the
syenomonzonite is exposed in the main pit where it divides part of the
ore and strikes toward the Pipe Line Zone.

A number of conspicuous felsic dykes are exposed in the pits. These
consist of bladed feldspar porphyry offshoots of the syenomeonzonite
stock, pulaskite feeder dykes related to the Goosly Lake lavasg, and young
quartz-feldspar porphyry dykes that cut the syenomonzonite body and
adjacent ore zone. Emplacement of some of these dykes during the
mineralizing episode is indicated by local hydrothermal alteration of the
dykes to clay minerals, the apparent damming and concentration of
sulphides along some intrusive contacts, and the occurrence of
disseminations and veinlets of ore minerals within some dykes (Plates V
and VI).

Crystal fractionation of the Goosly intrusions is apparently responsible
for the wide range of magmas in the line of gabbro-syenomonzonite stocks,
related dykes, and Goosly Lake volcanic rocks. This evolution results in
a regular progression in chemistry and mineralogy from basic to felsic
rock types (Fig. 62 and Table 1)}. The natural products of this process
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Ox!de recalculated Yo 100;
510, 49,12 49,35
T10, 1.51 1.31
Ali) 16,66 16.34
F9203 2,49 2,35
fel 6.12 7.42
MnO 0,20 0,17
Mg0 6,85 11.93
Ca0l 13,55 6,83
Na,0 3.00 3.62
K20 0,50 0.68

100,00 100,00
Oxldes as determined:
Ho0- 2,65 4,27
Ho0+ 0,90 2,02
o107 0,69 0,41
S 0.04 0.05%
P205 .28 0,09
Bal 0.07 0.02
sSr0 0,05 2,05
Molecular Norm:
Q2 0,00 0.00
Or 2,95 3,82
Ab 26,88 31,.7N
Ne G.00 0,00
An 30.48 25,1
Wo 14,65 2,94
En 2,93 2,49
fs 1.41 0.83
Fo 11,97 22,24
Fa 5.75 7.40
il 0,38 0.46
Mt 2.60 2,40
He 0.00 0.00
Cr 0,00 0.00

Geology, Exptoratlon and Mining In Britlsh Columbla,
{Nos, 1, 4, and 6)}; and 1970, p. 138 (No. 9},

51,77
1,42
16,68
1,54
7.60
0.19
7.89
8.11
4,41
0.39
100,00

3.02
0,72
3450
0.24
0,15
0.07
0,07

0.00
2,27
39,00
0.00
24,22
6,17
4,17
2,19
12,97
6.83
0,59
1.59
0,00
0.00

TABLE 1
CHEMICAL ANALYSES OF GOOSLY INTRUSIVE ROCKS

51,64
2,89
16,00
6,28
4,63
0,15
4,42
6,55
5,42
2,02
100,00

2,80
0.58
0,10
0.06
0,27
0,04
0,04

0.0C
11,93
46,93
1,01
13,37
T.64
0.00
0,00
9.15
0.00
3.92
4,72
1.23
0.00

51,84
1,46
17,56
2,81
4,79
0.14
5.78
9.88
4,82
0.92
100,00

4,84
0,51
0.60
.01
0.18

Key to Analyses

53,90
1,51
17,25
5.31
2,42
0.11
3,85
7.77
5.08
2.80
100,00

1.10
G.89
1.15
0,62
0.59
0,28
0,12

0.00
16,40
43,06

1.27
15,87

8,93

0.00

0,00

7.90

0.00

2,08

2,45

2,03

0.00

54,63
1,88
17,57
4,11
3.75
0,14
5.98
6,25
4,25
3.42
100,00

1.90
c.18
0,07
0.40
0.9
0,27

0,00
20,15
38,02

0.00
18,72

4,88

6,83

1,93

3,10

0.88

1.21

4,28

0,00

0.00

54,79
1,35
17,60
.48
4,29
0.14
4,64
6,35
3.86
3,50
100,00

.3
0.37
40,01
0.02
0,71
0.29
0.14

0,00
20,58
34,47
0.00
20,27
4,43
9.39
2,85
2,52
0.76
1,11
3,62
0,00
0.00

New analyses Nos. 2, 3, and 5 from Gflltan stll and No. 8 from the Goosly stock,
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17,63
2.94
3.46
0,06
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100,00

2,51
0.50
0.82
0.09
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0.27
0.08

0.00
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43,74

3.47
12,14

7.87

0,00

0,00

5.57

1.86

1,30

3,03

0.00

0.00

1969, p. 148 (No, 7); 1970, p. 124,



were heat, water, and fugitives such as potassium, boron, and phosphorus
{significant components in the altered rocks of the Equity mine) and
other ore constituents.

BASICITY INDEX

1.60 1.59 1.58 1.57 1.56 1.55
57 1 1 ] 1 1 1 ! 1
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GABBRO  — SYENOMONZONITE

Figure 62, Mixing diagram showing chemical and mineralogical
consanguinity of Goosly intrusions in the Buck
Creek area (analyses numbers are keyed to data in
Table 1),

METALLOGENIC MODEL

A model suggesting the segquence of events leading to mineralization at
the BEgquity silver mine is illustrated on Figure 63. Initially, a small
granitic stock intruded Skeena Group (Lower Cretaceous) volcanics and
metasediments resulting in weak porphyry copper-molybdenum mineraliz-
ation. Several million years later a larger gabbro-syenomonzonite body,
with many offshoot dykes, was emplaced several hundred metres to the
east, brecciating the adjacent dacite dust tuff unit of the Skeena Group
{stage 2}). Outward movement of hydrothermal solutions from the
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syenomonzonite produced a broad aureole of alteration and sulphide
disgsemination, replacement, and filling {(stages 3 and 4)}. A late stage
hydrothermal event followed, accompanying resurgence of igneous activity.
These events produced silver, copper, arsenic, and potassium
lithogeochemical haloes about the Equity ore zone and to some extent
around the syenomonzonite intrusion.

These evaluations are intended to shed more light on the Equity deposit
with the view to assisting further exploration in the Buck Creek area.
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TABLE 2
SILICATE ANALYSES CALCULATED FROM MODAL DATA
COMPARED WITH CHEMICAL RESULTS

WASTE DUMP GRANITE GOOSLY SYENDMONZONITE
1 2 3 4
Oxides Recast Calculated Chemical Calculated Chemical
to 100%
510, 66.8 66,2 54,3 54,6
M203 17.2 16,0 19,9 17.6
Fa0z 2,6 2.1 6.6 4,1
Fe0 1.3 1.6 3.4 3.8
Mg0 1.1 1.3 1.6 4,0
Cad 4.0 3.2 6,2 6.3
Naq0 3.5 4,3 3.9 4,3
K20 3.4 3.6 4,1 3.4
H20 0.1 1.7 Tr 1.9
100,00 100,00 100.00 100,00
Modal %
Quartz 25 2
Orthoclase 19 25
Plagioclase (Anys) 50 58
Biotite 4 2
Augite - 8
Magnetite 2 5
100 100

Key to Analyses:
1 = Silicate composition calculated from modal results on granite
{GEM, 1969, p. 146)

2 = Silicate composition from chemical analysis of granite No, 1
(GEM, 1969, p. 148, No, 1 in Table)

3 = Sliicate composition calculated from modal results on syeno-
monzonite (GEM, 1969, p, 147)

4 - Silicate composition from chemical analysis of syenomonzonite
(GEM, 1969, p., 148, No, 2 in Table)
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A COMPUTER PROGRAM FOR THE ESTIMATION OF OXIDE COMPOSITION
FROM MODAL ANALYSES OF PLUTONIC ROCKS
FROM THE BUCK CREEK AREA
{93L/ W)

By B. N. Church

The calculation of oxide composition of plutonic rocks from modal
mineralogy affords an inexpensive method of utilizing the many
petrological plots and variation diagrams designed only for silicate
analyses. To this end Wahlstrom {1955, pp. 88, 89) ocutlined a simple
method to compute weight percentage oxides from constituent: minerals.

In Table 1 (pages 190 and 191) a computerized method for the same purpose
has been devised to facilitate study of the crystalline plutonic rocks of
the Buck Creek area. This procedure allows comparisons with the fine-~
grained volcanic suite for which only chemical data are available.
Although the computer program has been written specifically for the

TI 99-4/A computer, this is a sufficiently simple form of the Basic
language to be applicable using most desk-top computers.

Percentage estimates from a choice of 11 of the most common minerals in
plutonic rocks are input to the program. Output is given as weight
percentage of nine of the main oxides including FeO, Fep03, and H,O0.

The method is tested using available mineral and chemical data for the
Goosly syenomonzonite stock and Waste Dump granite on the Equity mine
property (Table 2, page 188). Comparison of calculated and chemical
results for these rocks yields generally favourable comparisons,
especially for total silica, alkalies, and lime values. Some
discrepancies in ferromagnesian values might be expected owing to FeO-Mg0
diadochy in silicate minerals and inherent analytical difficulties in
determining FeQ/Fej;03 ratios and Hp0 content. TIdentifications of

mineral specimens using X-ray methods could improve the es:imates of
oxide composition.

REFERENCE

Wahlstrom, E. E. (1955): Petrographic Mineralogy, John Wiley & Sons
Inc., New York, 408 pp.

189


ldegroot
1984


. R LR TABLE1 4
COMPUTER PROGRAM [N T1 BASIC TO DETERMINE SILICATE COHPOSITIONS FROM MODAL HINERALOGY

10 REM "xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx"
20 REM "X XM f
40 REM "X CALCULATE SILICATE EDMPDSITIONS FROM MODAL DATA " !
&0 REM "X X"
BO REM "xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx" ¢
106 REM - ‘
120 REM - :
146 INPUT “SAMPLE NO.":Z(0)
. 160 INFUT "BUARTZ . ":1Z{1)-
180 INPUT “ORTHOCLASE":Z (2}
. T.200 “TNPUT "ALBITE . ":Z¢3)
. 220 INPUT "OLIGOCLASE :Z{4) . o . g S LR R ‘
T 240 INPUT "ANDESINE “:Z¢5) -
260 INPUT -"LABRADDRIT":Z (&)
280 INPUT "MUSCOVITE ":1Z¢7) .
300 IMPUT "BIOTITE ":Z(8)
320 INFUT "HDRNBLENMDE":Z (9}
340 INPUT "AUGITE TiXery - ‘ e - !
BEO INFUT "MABNETITE “¥X(2) T C ’ '
. 345 REM R R . o P
" 346 REM S.G. FACTORS L . o - !
380 RIOY=2.6T#Z(1) e N e : . ;
400K (0)=2, 57*Z(2) e - C e o e . . .
‘420 A(0)=2.62XZ(3) .
T 480 O(0)=2. 6S5#Z(4)
460 P{Q) =2, 68%I(S)
U480 L(0Y=2, 70%Z(6)
500 WI0)=Z.B4XZ (7). " L - ‘. K : :
520 B(0)=3.00%Z(8)
F40 H(D)=3.30%Z(F) )
S60 C(OY=3,00%X(1) - - e e : R
- 58O ML) =4, 94X (2) ) FE L. e -
- - BB2 REM . - . ; N PR L e -
&00 Y= 1(1)+Z(°)+Z(3)+Z(4)+Z(5)+Z(6)¢Z(7)+I(8)+Z(9)+K(1)+X(°)
T elo REM :
420 REM CALCULATE WEIGHT %
640 B(PY=100%G{D) /Y . L _— T e B
S AAD KIP)=100%K(0) /Y o ) . ¢
: . 680 ALFY=100%ALG) /Y - R T o - !
- 700 D(FY=100%0(0) /Y e e : - S e .
T 7207 FAR) S1O0%F () /Y : - T L
L7800 L) =100%L () /Y Co- e e ’ B : -
T 760 WY =100 M) /Y : o . 7 Cetel e \
2780 B(6Y=100%B(0) /Y . : . R o C g
8O0 HA{)=100%H(Q) /Y- I L : T
B20 C(9)=100%C(0) /Y . . . S ;
B40'M(9)"100*H(0)/Y : T ' R : T \
842 REM | . R N c .
© 850 REM : L o - L .
860 R{1)=1,C0RE(F) L CLET T s ‘ -
BBO K(1)=,547#K (9 N
FOO K (2=, LB4#K () ‘
R0 K ()=, 14PRE (D) -
P40 A1) =, 6BTHA () .
P50 A(2)=. 19SKA(T) R )
PRO ATI=. 118 LT ‘
L1000 0(1)=, 43640 (F) :
1020 0(Z)=.230%D(F) . .. o
1040 DOOY=.040%0(D) - . e o leeeapeoaan st V0T N
10LG T{7)=. 0P4%0(F) ’ T

[

1680 F{1)=.583%R(9) F : . M
1100 £ e2) =, 264%F (F) )
1120 P(&)=.0304F (3) : ?
1140 PL7)=.070%F (D)
1160 L (1)=.534%L (9)
1180 L (2)=.208%L (7) - . !

3L ..
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1200
1220
1240
1260
1280
1300
T 1320
1340
1360
1380
14G0
1420
1440
14460
1480
150G
1520
1540
1560
1580
1400
1620
1440
1660
1680
1700
1720
1740
1760
1765
1780
1800
1820
184C
18460
1880
1900
1920
192440
1960
1941
19462
19463
1964
1964
19468
1970
1972
1974
1974
1278
1979
1980
1981
2000
2020
2040
2060
2080
2100
2120
2140
2160

Note: Coefflclents for the converslon of mineral specles to constltuent ox!des have been
adgapted from Wahlstrom (1955, pp. 88, 89),

L{bsy=,120%_(¢(F)
L(7y=,047%L.(9)
Wly=.452%W(5)
WR)=.3858W 5}
W{B)=.118*%W (&)
W{Py=.045%W (&}
B{1y=,425%B(&)
B(2)=.172%B (&)
B{Z)=.022%B (&)
B(4)=,027%B(5)
E(5)=,250%E(&)
B(B)=.0%0%B (&)
B{?)=,014%H (&)
H(1} =, 480%H (%}
H{2) =, 080%H ()
H{Z}=.050%H (%}

H{4)=.110%H(?)

H(S)=. 140KH (9)

Hid =, 120%H(9)

H{7)m, O15%H (9)

H{BY =, OOS«H (F)

C(1)=.477%E(F)

C{2)=,074+C(F)

C(3) =, 046#C (D)

C(8)=,069%C(F)

C(S)=.126%C ()

ClbY=. 20B%C(F)

M(3) =, 6F0%HM (P)

M{4) =, T1O®M(F)

REM

REM CALCULATE OXIDE % _

S0)=0 (1) +K (13 +AL1 4001 +P (1) +L (1) +W (1) +B (1) +H{1) +5 (1)
DA{OY =K {2} +A12) +0(2) #F.L2) +E{2) +W (2) +B(2) +H(2) +C (2)
L(O) =B (3) +H (3} +L (3} +M(3)

Y0) =B {4) +H () +C (4) +11(4)

E (0} =B {5) +H(5) +C(5)
BLO)=0(8) +F (5) +H(6) +L (&) +L (&)

MDY =R (7)Y +D(T)+F (71 4L (7) +H (7D

RCO) =< (B +W (8) +B {8) +H(B)

J(0) =W(F) +B(F) o

REM ) -
T=S(0)+D (0 +U {0 +V (D) +E (0} +G (D) +N (0) +R (D) +3 {0)
REM _ . :
E(1)=100%5(0) /T

D(1)=100%D(0) /T

U1y =100%U(0) /T

VL) =100%(0) /T

E{1)=100%E(0) /T

B{1)=100%6(0) /T

M1 =100%N (0 /T

(1) =100%R(0) /T

F) =100%3 (0¥ /T
FREINT "SAMPLE NO.=",Z¢0)
REM

FRINT "5I02 =51
PRINT "ALZDZE =", D{1}
FRINT "FE203 =",U(1)
FRINT "#EO =", M1y
PRINT "MGD =",E(1)
FRINT "CAO =", G{1})
FRINT “NAZD =",M(1}
PRINT "KZ20 =",Ri{1)
FRINT "HZ0 =", J(1}
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GEOLOGY OF THE DOME MOUNTAIN GOLD CAMP
{93L/1¢, 15)

By D. G. MacIntyre

INTRODUCTION

This report summarizes preliminary results of a mapping project initiated
in the Dome Mountain gold camp during the 1984 field season. A two
person crew spent 20 field days on this project. This work was the first
stage of a multi-year mapping project which ultimately will include all
of the Babine Range. The objective of this project is to develop a
metallogenic model for the wide variety of mineral deposit types present
in the Babine Range. The initial phase of this project is concerned with
gold~bearing guartz veins like those of the Dome Mountain ¢old camp.

LOCATION AND TOPOGRAPHY

Dome Mountain, which rises to 1 753 metres elevation, is 38 kilometres
east of Smithers within the northwest-trending Babine Range. There is
abundant vegetation and a general lack of outcrop on the lower slopes of
Dome Mountain. The best outcrop occurs in creek beds and on the rounded
crest of the mountain. The area is accessible either wvia the rough
Deception Lake forest road from Telkwa or the Chapman Lake logging road,
which is located east of the Babine Range. Although both routes
ultimately lead to the top of Dome Mountain, neither route is passable
during periods of wet weather.

EXPLORATION HISTORY

Prospectors first staked claims on Dome Mountain in about 1914 and these
claims were actively explored until 1924, 1In 1923 and 1924, the Dome
Mountain Mining Company, a newly formed subsidiary of the New York based
Federal Mining and Smelting Company started underground workings on the
Forks, Cabin, Jane and Ptarmigan veins. Of these, the Forks was
considered the most favourable and a wagon road was constructed, a
permanent camp established, and a steam-boiler plant for pumping and
hoisting moved onto the property to aid in the underground development.
However, in 1924, apparently discouraged by the lenticular nature of the
ore veins and excessive water in the underground workings, all work was
halted and the boiler-plant dismantled and removed from the property.

In 1932, Babline Gold Mines Limited optioned the Free Gold property, which
is located 2 kilometres northeast of the Forks, and started underground
workings to cross cut several small gold-bearing quartz veins. Bulk
shipments were made in 1938 and 19240; in 19249 title was transferred to

193


ldegroot
1984


6071000N

\ \\/
29\ /
/»Qla N

X \\
N N

WEN\\ \ /
no.m\ ﬁ;mim

c.?_,/
2/

S~ HOOPES
N la V\

650000E

\‘

- TO

TELKWA

500 0 500 1000
HHH I

g METRES
8
&

BO66000N

607 100CN

B55000E

Lo
1 \/FHEE GoLD ,’,

AN - -

-

J  TC CHAPMAN
y) LAKE ROAD

655000E

6066000N

LEGEND

8 DICRITE OR DIABASE

@ |ouaRTZz MONZONITE

HAZELTON GROUP
NILKITKWA FORMATION

THICK»BEDDED GREEN VOLCANICLASTIC
)
5

ROCKS, MINOR LIMESTONE
THIN—-BEDDED LIMESTONE, SILTSTONE, WACKE

THICK—BEDDED SILTSTONE

4 |RuUSTY ARGILLITE

w

2 [RED VOLCANICLASTIC
AMYGDALOIDAL FLOWS

TELKWA FORMATION

WACKE, CONGLOMERATE FELSIC TUFF

ROCKS ANC GREEN

EFRAGMENML VOLCANIC ROCKS, ANDESITE

FLOWS

FOLIATED TUFF

SYMBOLS

AQUARTZ VEIN —

FAULT, BALL ON DOWNTHROWN SIDE .. . ..

PLUNGING ANTICLINE, SYNCLINE

FOSSIL LOCALITY .. ..... .

194

Figure 65,

Preliminary geology of the Dome Mountain gold camp.




Ingray Yellowknife Mines Limited and in 1951 Lake Surprise Mines Limited
reopened the underground workings. 1In 1967 to 1969 and 1972 to 1973,
Cordilleran Engineering and Amoco Canada Petroleum Company respectively
examined the Free Gold property as a possible porphyry copper prospect.
In 1979 and 1980, E. Messich and M. Kryger built a road connecting the
Free Gold property to the Chapman Lake logging road and extended the
underground workings. From 1981 t£o 1283, Reako Exploratiors Limited and
Panther Mines Limited completed additional underground development and
surface trenching. During the 1984 field season, all the properties on
Dome Mountain with the exception of the Free Gold were under option to
Noranda Exploration Company, Limited. WNoranda did soil sampling on a
newly cut grid and constructed a road to the Forks showing. Drill sites
were established but no drilling was done.

REGIONAL GEOLOGIC SETTING

The Dome Mountain area is underlain by subaerial to submarine volcanic,
volcaniclastic and sedimentary rocks of the Hazelton Group (Fig. 64).

The Hazelton Group is an island-arc assemblage that was deposited in the
northwest trending Hazelton Trough between Early Jurassic and Middle
Jurassic time. Tipper and Richards (12976) divide the Hazelton Group into
three major formations in the Smithers map-area (93L}. These are the
Late Sinemurian to Early Pliensbachian Telkwa Formatiocn, the Early
Pliensbachian to Middle Toarcian Nilkitkwa Formation, and the Middle
Toarcian to Lower Callovian Smithers Formation.

The Telkwa Formation, which is comprised of subaerial and submarine
pyroclastic and flow rocks with lesser intercalated sedimentary rocks, is
the thickest and most extensive formation of the Hazelton Group. The
mixed subaerial to submarine Babine Shelf facies of the Telkwa Formation,
which separates the subaerial Howson facies to the west and the submarine
Kotsine facies to the east, underlies the Babine Range {Tipper and
Richards, 1976).

The Nilkitkwa Formation conformably to disconformably overlies the Telkwa
Formation. West of Dome Mountain it is comprised of predominantly
Toarcian red pyroclastic rocks; to the east it includes Early
Pleinsbachian to Middle Toarcian marine sedimentary rocks with
intercalated rhyolite to basalt flows.

In the Babine Range, the Smithers Formation disconformably overlies the
Nilkitkwa Formation; it is predominantly Bajocian in age. It is
comprised of fossiliferous sandstone and siltstone with lesser
intercalated felsic tuff. As far as is known, the Smithers Formatiocon
does not occur within the area of Figure 65.

DOME MOUNTAIN GEOLOGY

The core of Dome Mountain is underlain by a large southwest:-verging,
southeast-plunging anticlinal structure that has been cut by northeast
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and northwest-trending high angle faults (Fig. 65). The olidest rocks are
well exposed on the crest of the mountain and a good stratigraphic
section is exposed on the south slope. A preliminary stratigraphic
column (Fig. 66) has been established on the basis of this section.

Seven major map units are recognized. Going up section these are: (1)
fragmental volcanic unit (+1000 metres?); (2) red volcaniclastic-green
flow unit (150-200 metres); (3} volcanic wacke~conglomerate-felsic tuff
unit (20-50 metres); (4) rusty argillite or shale unit (50--100 metres);
(5) dark grey siltstone unit (250-300 metres)}; (6) thin-bedded limestone-
siltstone-wacke unit (50-100 metres); and (7) greenish grey massive
volcaniclastic unit (+500 metres). The ages of these units and their
correlations with Hazelton Group formations are not well established.
Limestone samples are currently being processed for microfossils.

Several small plugs or dykes of diabase or diorite intrude the Hazelton
Group on Dome Mountain; a stock of quartz porphyry or gquartz monzonite is
exposed near the Free-gold showing.

HAZELTON GROUP

Telkwa Formation
Fragmental volcanic unit (1)

A chaotic assemblage of coarse-grained agglomerate, tuff-breccia and
lapilli tuff with lesser intercalations of lithic, crystal and ash tuff,
and volcanic derived sedimentary rocks crops out on Dome Mountain. These
rocks are purple, mauve, green and grey in colour. Clasts range from
less than 1 centimetre to 40 centimetres in diameter and are typically
comprised of porphyritic andesite or crystal tuff. The matrix also
contains abundant crystal and lithic fragments. 1In places the clasts are
flattened parallel to bhedding. Beds comprised of large rounded bombs up
to 30 centimetres in diameter floating in a fine-grained ash matrix are
common. Finer grained tuff beds within the unit are strongly foliated
subparallel to bedding. The fragmental volcanic unit is believed to
correlate with the Babine shelf facies of the Telkwa Formation as
described by Tipper and Richards (1976).

Nilkitkwa Formation
Red volcaniclastic - green flow unit (2)

A distinctive unit of red volcaniclastic rocks and green to mauve
amygdaloidal flows overlies the fragmental volcanic unit that formg the
core of Dome Mountain. This unit is well exposed on the south slope of
Dome Mountain and in Federal Creek above and below the Forks showing.
Near the crest of Dome Mountain the basal part of the unit is comprised
of thin-bedded brick red lithic tuff, crystal tuff, volcanic wacke, and
granule conglomerate that is locally cross-bedded. Interlayered lime
green, amygdaloidal basalt or andesite increases in abundance up section
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and comprises the upper part of the unit. Outcrops of this unit in
Federal Creek are thicker bedded and have less reworked volcanic detritus
than those near the crest of Dome Mountain, suggesting a facies variation
to the east. Here the volecanic part of the unit varies from mauve to
green in colour but still contains conspicucus chlorite-filled amygdules
and vesicles.

The red volcaniclastic-green flow unit is probably the basal member of
the Nilkitkwa Formation on Dome Mountain. It represents a period of
exposure and erosion of the Telkwa Formation and deposition of subaerial
pyroclastic rocks. This apparently was followed by a marine
transgression and deposition of green submarine basaltic flows.

Tipper and Richards (1976) describe a red tuff member of the Nilkitkwa
Formation which is lithologically similar to the basal part of the red
volcaniclastic~green flow unit on Dome Mountain. However this red tuff
member is Toarcian in age and overlies a marine sedimentary unit of the
Nilkitkwa Formation. If this relationship is correct then the red
volcaniclastic-green flow unit occurs lower down in the section and does
not correlate with the red tuff member. Additional evidence supporting
this conclusion is the fact that sedimentary rocks that apparently
overlie the red volcaniclastic-green flow unit near the Forks showing are
reported to contain a Late Pliensbhachian pelecypod (Myers, personal
commanication}.

Volcanic wacke - conglomerate -~ felsic tuff unit (3)

A thin unit of brown to buff weathering volcanic wacke, siltstone,
granule to pebble conglomerate and fine—-grained felsic tuffs or flows
overlies green amygdaloidal flows of the red volcaniclastic-green flow
unit. The Finer-grained clastic rocks typically have a slaty cleavage
and contain small angular clasts in a silty matrix. As mentioned above,
the unit contains poorly preserved Pliensbachian pelecypods. Adjacent to
the Forks shaft on the south slope of Dome Mountain and the north bank of
Federal Creek, this unit is pervasively altered and has disseminated
pyrite and broken quartz stringers suggestive of an early hydrothermal
{exhalative?) event.

Rusty argillite unit (4)

A recessive, poorly exposed unit of thin-bedded, rusty weathering silty
argillite occupies a small depression between the main part of Dome
Mountain and its southern spur. The unit typically has a well-developed
slaty cleavage and tight small scale fold structures; it lacks carbonate
and contalns ubiquitous disseminated pyrite. Exploration companies have
dug several bulldozer trenches across the unit near the crest of the Pome
Mountain ridge but no significant economic mineral concentration has been
discovered.
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Thick=bedded siltstone unit (5)

Up to 300 metres of monotonous, medium to thick-bedded, dark grey
siltstone overlies the rusty argillite unit. This unit, which is
relatively resistant forms the backbone of the south spur of Dome
Mountain. The siltstone has a slaty cleavage in places. ULithologically
similar rocks that crop out in Federal Creek, below the Forks showing,
are probably part of this unit.

Thin~bedded limestone-giltstone-wacke unit (6}

The thick-bedded siltstone unit grades up section into a relatively thin
unit of well-bedded dark grey argillaceous limestone, limy siltstone, and
wacke with lesser intercalations of pebble conglomerate and chert. These
rocks crop out near the southeast end of Dome Mountain ridge, and in the
lower road cuts on the southwest slope above Marjorie Cree<. The
limestone beds weather in positive relief producing a ribbed appearance
on weathered surfaces. Lithologically similar rocks crop out in the
lower part of Federal Creek. However, L'Orsa (1982} reports that these
rocks contain a poorly preserved ammonite that Tipper identified as
probably Sinemurian in age. Therefore, correlation of these rocks with
the Nilkitkwa Formation is suspect; they may be a sedimentary member of
the Telkwa Formation. A small outcrop of similar lithology occurs in the
c¢lear cut southeast of Dome Mountain.

Green thick-bedded vlcaniclastic unit (7)

The south slope of Dome Mountain is underlain by massive, light green,
calcareous crystal tuff or volcanic wacke with rare intercalations of
argillaceous limestone and shaly siltstone. The unit, which is estimated
to be at least 500 metres thick, grades up section into a mixed
assemblage of mauve, red, and green lithic, crystal and lapilili tuffs.
These rocks may correlate with the red tuff member of the Nilkitkwa
Formation. Tipper and Richards {1976) describe similar rocks in the
upper part of the Nilkitkwa Formation northeast of Dome Mountain. &As far
as is known, these are the youngest rocks in the Dome Mountain gold

camp .

INTRUSIVE ROCKS

Several small elongate plugs or dykes of fine to medium-grained diorite
or diabase intrude the Telkwa and Nilkitkwa Formations on Dome Mountain.
The largest intrusion is exposed on the lower southeast slope, just south
of Federal Creek., These mafic-rich intrusions cause the prominent
aeromagnetic anomaly that is centred on Dome Mountain. The dioritic
intrusions are probably Jurassic in age and, therefore, members of the
Topley Intrusions.
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Outcrops of altered guartz porphyry and porphyritie quartz monzonite
contain quartz vein stockworks that occur east of the Free Gold veins.
These intrusive rocks were the target of porphyry copper exploration
between 1967 and 1972.

STRUCTURE

Dome Mountain is underlain by a large anticlinal structure that plunges
to the southeast (Fig. 65). Evidence supporting this conclusion includes
the repetition of stratigraphic units on either side of Dome Mountain,
the attitude of minor fold axes which plunge gently to the southeast and
east (Fig. 67), and the general change from southwest to southeast of
dips for bedding and foliation about a southeast-trending axial trace
{Fig. 67}. The southwest limbs of minor folds generally dip steeply to
the southwest or northeast; the northeast limbs typically dip gently to
the northeast. This suggests the large scale fold structures are
asymmetric and verge to the southwest.

Fine~grained tuffaceous and sedimentary rocks on Dome Mountain have a
well-developed, early slaty cleavage (S1). This cleavage, which is
subparallel to bedding, is locally folded and cut by a weak crenulation
cleavage (S2) that is axial planar to the major fold structures. Early
quartz veins, which both parallel and cross-cut the slaty cleavage, have
been broken and offset by the crenulation cleavage (Plate VII). Iocally
quartz veins, that parallel the slaty cleavage, are folded (Plate VIII);
contained sulphides are broken and recrystallized as a result of this
folding. Massive fragmental rocks of the Telkwa Formation generally have
a poorly defined fracture cleavage that roughly parallels the crenulation
cleavage.

Joint trends on Dome Mountain are shown on Figures 67 and 68. The most
prominent joint set dips steeply to the northwest. This trend is roughly
perpendicular to the major fold axes. These joints also parallel
prominent airphoto linears and several major high angle faults which
offset the stratigraphy (Fig. 65}.

MINERAL OCCURRENCES

The location of gquartz veins on Dome Mountain is shown on Figures €5 and
67. Characteristics of the veins are summarized in Table 1. Most of the
veins trend northwest and dip steeply to the northeast or southwest; the
Hoopes and Cabin veins trend northeast. The majority of veins are in
foliated and altered tuff, near the upper contact of the Telkwa
Formation. The Free Gold veins are a notable exception; they are hosted
by massive andesite. The stratigraphic position of these rocks is
uncertain. These veins both parallel and cut the foliation. The quartz
veins vary from a few centimetres up to 3 metres in width. Some veins
are lenticular and locally folded and brecciated; others have
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congiderable lateral continuity with little variation in attitude and do
not appear to be deformed. Intensity of wallrock alteration is wvariable;
it is most intense near the Forks and Cabin veins but almost non-existent
near the Free Gold veins. Sulphide mineralogy is also variable; pyrite,
pyrite-chalcopyrite, pyrite~-chalcopyrite-galena, pyrite-galena-
sphalerite, and pyrite-arsenopyrite assemblages are present (Table 1).

TABLE 1
OOME MONTAIN QUARTZ VEINS

No. Name Mlnaralogy Host Rocks Altaration
1. Forks Py, GI, Sp, (As} Follated tuffs Intense

2. Free Gold Py, S5p, GI, {Cp) Green andes!ta None or mlnor

3. Cabln Py, GI, (Cp, As) Follated tuffs Moderate

4, Jane Py, Cp, (Sp, GI) Follated tuffs Weak to moderate
5e Hoopes Py, Cp Follated tuffs Moderate

6. Hawk Py Follated tuffs Weak to moderate
7e Gem Py, Cp, As, Sp, Gl Follated tuffs Weak to moderate
8. Eagle Py Tuffs Weak

9. Ptarml gan Py, As, Sp, GI Follated tuffs Weak to moderate
10, Ravan Py, Cp Follated folded Weak to moderate

tuffs
11, Chance Py FotTated tuffs Moderate to intense

Py = pyrlte; Cp = chalcopyrite; Gl = galena; Sp = sphalerite; As = arsenopyrite
minor components In brackets

Forks (Mineral Inventory 93L-22)

Stream deposits now cover the original Forks showing, which is reported
to occur in the bed of Federal Creek just below its confluence with a
small southern tributary (Minister of Mines, Annual Reports, 1922, 1923,
1924). Tuff outcrops on the banks of Federal Creek, above and below the
showing, are pervasively sericite-carbonate-fuchsite altered and
foliated, and cut by quartz stringers (Fig. 69}). Several short adits
were driven into this zone in the early days of exploration but these
failed to intersect any major quartz wveins, However, subseguent
underground development by the Dome Mountain Mining Company in 1923 and
1924 intersected two major quartz veins, one trending northwest and
dipping northeast, the other trending northeast (Fig. 69).

In 1923, a three-compartment shaft was sunk to a depth of 32 metres and a
45-metre tunnel driven to the northwest. A 12-metre crosscut intersected
a northeast-dipping quartz vein which was then drifted on for
approximately 45 metres going southeast. Dome Mountain Mining Company
sampled the vein at 1.5-metre intervals over a strike length of 33.5
metres. The sample width, and presumably the vein width, varied from 30
to 150 centimetres. Precious metal values ranged from 1.4 to 75.5 grams
per tonne (0.04 to 2.20 ocunces per ton) gold and 10.3 to 120 grams per
tonne (0.3 to 3.5 ounces per ton) silver. The weighted average of these
assays is 15.3 gramg per tonne (0.447 ounce per ton) gold and 59.0 grams
per tonne (1.72 ounces per ton) silver.
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The caved portal and winze for a 27-metre-long, southeast-trending adit
is located approximately 23 metres west of the Forks shaft {(Fig. 69).
Approximately 12 metres of drifting and a short winze follow a guartz
vein northeast from the end of the adit. Dome Mountain Mining Company
sampled the quartz vein at 1.5-metre intervals along the drift and winze.
The weighted average for these samples was 42.1 grams per tonne {(1.23
ounces per ton} gold and 85.4 grams per tonne (2.49 ounces per ton)
gsilver over approximately 12 metres.
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Free Gold (Mineral Inventory 93L-23)

The Free Gold showings are located on the heavily timbered northeast
slope of Dome Mountain, at approximately 1 250 metres elevation. Access
is via a good gravel road which leaves the Chapman Lake haulage road at
kilometre 69.

Babine Gold Mines Limited was incorporated in 1932 to explore the Free
Gold property. Early exploration included hand trenching, surface
stripping, and sinking of shallow shafts and pits. In 1933 and 1934, a
crosscut adit was driven approximately 110 metres southwest. The number
3 vein was intersected and a 42-metre drift was driven to the northwest
{Fig. 70). A crosscut was then driven southwest and approximately 23
metres of drifting was done on the number 4 vein. Additional drifting
was done on the number 3 vein from the end of a northeast crosscut (Fig.
70).

Exploration work on the Free Gold property has discovered five major (1
to 5) and many smaller quartz veins. These velns vary from a few
centimetres to 2 metres in width. Most of the veins dip steeply north-
east; some shallow-dipping veins are also present east of the main
showings (Fig. 70). Some of the veins may merge at depth as indicated by
converging strike and dip directions.

The Free Gold quartz veins typically contain pyrite with lesser amounts
of sphalerite, galena, tetrahedrite, and chalcopyrite. Native gold is
rare. Late fault movement along some of the veins has shattered the
quartz and attendant sulphide grains. The host andesite is only slightly
altered; it does not have the well-defined foliation typical of host
rocks for veins higher up on Dome Mountain.

Canada Department of Mines and Resources processed a bulk shipment of 680
pounds in 1938 (Minister of Mines, B.C., Ann., Rept., 1938). This shipment
averaged 61 grams per tonne {1.78 ounces per ton} gold, 75 grams per
tonne (2.18 ounces per ton) silver, 1.54 per cent lead, 5.87 per cent
zine, 0.15 per cent copper, 0.02 per cent arsenic, and 10.38 per cent
sulphur. Polished sections of the ore showed that shattered pyrite
grains were veined by successively later sphalerite, tetrahedrite,
chalcopyrite, and galena. Minute grains of native gold occur in galena
and chalcopyrite microveinlets that cut and heal shattered pyrite.

Babine Gold Mines Limited made a further shipment of 2 715 tonnes of
high-grade ore to the Prince Rupert smelter in 19240 (Minister of Mines,
B.C., BAnn. Rept., 1940).

In 1951, Lake Surprise Mines Limited optioned the Free Gold group and did
a comprehensive sampling of guartz veins both on the surface and
underground. The weighted average of 31 samples collected over 24 metres
on the northeast drift of vein number 3 was 27.2 grams per tonne (0.79
ounce per ton) gold, 28.3 grams per tonne (0.83 cunce per ton) silver,
and 1.35 per cent zinc; the southwest drift averaged 58.7 grams per tonne
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{(1.71 ounces per ton) gold, 80.1 grams per tonne (2.35 ounces per ton)
silver, 6.1 per cent zinc, and 2.08 per cent lead for 13 samples
collected over 12 metres. This vein was alsc sampled on surface. The
average of 40 samples collected over 61 metres was 70.5 grams per tonne
(2,07 ounces per ton) gold, 94.1 grams per tonne (2.76 ounces per ton)
silver, and 0.81 per cent zinc. Recent operators have apparently mined
this part of the vein by an open cut (Fig. 70}. Twenty-~four samples
collected over 27 metres in the drift on the number 4 vein averaged 20
grams per tonne (0.58 ounce per ton) gold, 62.9 grams per tonne {1.8
ounces per ton) silver, and 1.67 per cent zinc. This work showed the
erratic nature of metal concentrations within the quartz veins. Gold
assays ranged from 391 grams per tonne (11.4 ounces per ton) to trace.

The Free Gold property was reexamined by Cordilleran EBngineering and
Amoco Canada Petroleum Company in 19267-1969 and 1972-1973 respectively.
This work focused on a possible porphyry copper deposit associated with
the quartz monzonite intrusion located north of the main gquartez vein
occurrences.

Panther Mines Limited optioned the Free Gold property from Lorne Warren
in 1980 and subsequently entered into a joint venture with Reako
Explorations Timited. The property was drilled in 1981. Drill hole
locations and quartz vein intersections are shown on Figure 70. It is
difficult to correlate the drill intersections with known surface and
underground vein occurrences further illustrating the unpredictable
nature of quartz veins on the property. This complexity is probably due
to faulting.

Cabin

The Cabin vein crops out near the head waters of Federal Creek. Here it
is approximately 3 metres wide and strikes northeast. The vein contains
abundant pyrite with lesser arsenopyrite and galena. Gold values are
reported to be relatively low (Minister of Mines, B.C., Ann. Rept., 1922).
The quartz vein is bounded by a narrow zone of strongly altered and
foliated rock that cuts the regicnal foliation. 1In 1923, Dome Mountain
Mining Company drove a crosscut north; it intersected the vein at 107
metres. The vein was followed by short Adrifts to the northeast and
southwest. Gold values along the drifts ranged from 0.68 to 20.9 grams
per tonne {0.02 to 0.61 ounce per ton) with up to 181.8 grams per tonne
(5.3 ounces per ton) silver (Hilchey, 1963).

Jane
The Jane vein is leocated on the southwest slope of Dome Mountain ridge
(Fig. 65). Several short crosscut trenches expose this narrow, northwest-

trending vein over a strike length of approximately 150 metres. The
quartz veiln occurs within a zone of strongly foliated tuffs of the Telkwa
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Formation. There is a narrow zone of sericite alteration along the vein
margins., The vein contains variable amounts of shattered pyrite and
chalcopyrite.

In 1924, the Dome Mountain Mining Company drove a 75-metre-long drift
adit on the Jane vein. Company plans show that the vein varies from 30
to 130 centimetres in width; it dips steeply southwest at the portal and
moderately northeast at the end of the drift. The best grade material
occurs near the portal where the vein averages 68.6 grams per tonne {2.0
ounces per ton) gold and 140.6 grams pexr tonne (4.1 ounces per ton)
silver over a distance of 1.5 metres. From 26 to 41 metres in from the
portal the vein averages 6.2 grams per tonne {(0.18 ounce per ton) gold
with low silver values. Ten samples collected over the last 14.6 metres
of the drift had gold and silver values ranging from 1.0 to 16.0 grams
per tonne {0.02 to 0.47 ounce per ton) and 27.3 to 1 374.2Z grams per
tonne (0.8 to 40.3 ounces per ton} respectively. Sample from the
remainder of the drift returned low gold and silver values.

The Dome Mountain Mining Company also sunk a shaft a short distance
southeast of the portal of the Jane vein. The vein in this shaft is
reported to be relatively wide and high grade {(Minister of Mines, B.C.,
Ann. Rept., 1922); it is probably an extension of the Jane vein.

Hoopes

The Hoopes vein is located approximately 215 metres northwest of the
portal of the Jane vein. Several trenches have been cut across the vein
which appears to trend northeast. The vein is not well eriough exposed to
determine its exact attitude and thickness. In one trench a

steeply dipping guartz vein with abundant pyrite and lesser chalcopyrite
is exposed. An adjacent trench exposes a 20-metre-wide zone of pyrite,
with lesser sphalerite and galena, in a quartz and albite-healed breccia
that may be relatively flat lying. The Hoopes vein, like the Jane vein,
occurs within a zone of strongly foliated tuff that overlies massive
agglomerate. The vein and breccia zone appear to crosscutf the
foliation.

A sample collected across 1 metre of the vein is reported to have
contained gold and silver values of 43.6 and 171.5 grams per tonne {1.28
and 5.0 ounces per ton) respectively (Minister of Mines, 3.C., Ann.
Rept., 1922).

Hawk
Trenches on the east slope of Dome Mountain cut across several 20 to 30-
centimetre-wide, steeply northeast-dipping quartz veins. Here, the host

rocks have a well~developed foliation or slaty cleavage which dips
moderately to the northeast. The Hawk veins contain mainly shattered
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pyrite. Gaul (1922) reports that a well-mineralized sample collected
from cne of the wveins contained 44.6 grams per tonne (1.3 ounces per ton)
gold and 343 grams per tonne (10 ounces per ton) silver.

Gem

Prospectors have exposed up to four parallel gquartz veins in hand-dug
pits and trenches. These workings are located approximately 750 metres
along strike from the Hawk veins. The Gem veins dip moderately to the
northeast to steeply southwest. The host rocks are medium to thick-
hedded tuffs of the Telkwa Formation that dip moderately northeast.

There is only weak to moderate foliation and wallrock alteration
asgociated with the Gem veins. The veins contain shattered pyrite and
lesser chalcopyrite, arsenopyrite, sphalerite, and galena. Gaul (1922)
reports a sample c¢ollected across 61 centimetres of the main vein assayed
87.8 grams per tonne (2.56 cunces per ton} gold and 1920.7 grams per tonne
({5.56 ounces per ton) silver.

Eagle

The Eagle vein is located approximately 275 metres northeast of the Gem
veins. A small trench has been dug on the poorly exposed quartz vein.
The vein is approximately 20 centimetres wide and dips steeply northeast.
A sample collectd by Gaul (1922} across 20 centimetres assayed 38.4
grams per tonne {1.12 ounces per ton) gold and 24 grams per tonne (0.7
ounce per ton) silver.

Ptarmigan

The Ptarmigan wveins are located 500 metres northwest of the Eagle vein,
on the forest-covered north slope of Dome Mountain. Prospectors have dug
several pits and crosscutting trenches in the shallow overburden,
exposing at least four parallel guartz veins. The veins are up to 75
centimetres wide; they dip steeply southwest or northeast. On surface
they contain pyrite and arsenopyrite~rich bands. nderground, the No. 2
vein i1s reported to contain lenses of galena, pyrite, and sphalerite.

The hogt rocks are strongly foliated adjacent to the veins but not
strongly altered.

In 1224, the Dome Mountain Mining Company drove a 115-metre tunnel to
explore the Ptarmigan No. 2 vein. TUnderground sampling showed the vein
to be relatively low grade; the maximum assay reported was 13.7 grams per
tonne (0.4 ounce per ton) gold. These results were disappointing because
samples from trenches along the vein contained good gold and silver
values.
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Raven

The Raven vein is located on a northwest-facing slope near the top of
Dome Mountain (Fig. 65). Early prospectors drove two short adits on the
vein. The vein is well exposed at the back of the upper adit, where it
is 20 centimetres wide and contains abundant shattered pyrite and
chalcopyrite. The host rocks are strongly foliated tuffs that have
subsequently been folded. The vein is conformable to the foliation and
has also been folded (Plate VIII). Gold values are reported to be around
34 grams per tonne (1 ounce per ton) (Minister of Mines, B.C., RAnn.
Rept., 1922).

Chance

The Chance vein is located in the bed of Camp creek, a small
southeast-flowing tributary of Federal Creek. It is approximately 750
metres southwest of the Free Gold veins. The guartz vein is
approximately 120 centimetres wide and dips steeply northeast; it
contains coarse-grained pyrite. The wallrocks are foliated and altered
tuffs. The vein is reported to contain "fair™ gold values (Minister of
Mines, B.C., BAnn. Rept., 1923).

DISCUSSION

All of the guartz veins on Dome Mountain, with the excepticn of the Free
Gold veins, are hosted by foliated, fine-grained volcaniclastic rocks.
The foliation is esgsentially a slaty cleavage that probably developed by
movement along these less competent beds during the early stages of
folding. Many of the quartz veins were probably formed at this time,
then were folded and broken as the host rocks were further deformed.
This conclusion is supported by the folded nature of many of the quartz
veing and the shattered nature of their contained sulphide minerals.
Some remobilization of earlier quartz veins may also have taken place
during the felding, Post~folding guartz veins are also present but these
are usually narrow and barren.

What was the source of the fluids that produced the gold and silver-
bearing veins of the Dome Mountain gold camp? Two possibilities are:

(1) The veins are related to buried intrusive bodies which were
emplaced during the early stages of folding. The magmatic fluids
preferentially moved along the more permeable foliated tuff beds.

(2) The veins were produced by heating and remobilization of low
temperatare components of a thick veolcanic pile during folding. The
fluids migrated upward into foliated tuff beds near the top of the
volcanic pile.
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The first possibility is favoured because of the strong aeromagnetic
anomaly associated with Dome Mountain. This anomaly suggests that a
buried intrusive body occupies the core of the mountain. This postulated
intrusive may be dioritic in composition, as indicated by several small
plugs and dykes that occur about the mountain. Also, the intensity of
hydrothermal alteration associated with some of the veins suggests the
fluids were guite hot and reactive, which is consistent with a magmatic
source. Variations in sulphide assemblages in the veins are probably
related to depth of exposure and distance from the inferred heat source.
In terms of the epithermal model, the veins on Dome Mountain would be
fairly deep and at the overlap between the preciocus metal and base metal

zones. A genetic model for the Dome Mountain gold camp is presented on
Figure 71,
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Figure 71. Structural model, Dome Mountalin gold camp,

212



ACKNOWLEDGMENTS

The author would like to thank Noranda Exploration Company, Limited for
permission to work on their Dome Mountain properties. Discussions with
Del Myers of Horanda were wmost helpful and his assistance is most
gratefully acknowledged. The author was ably assisted in the field hy
Gary White, district geologist in Smithers, and Kurt Foellmer, a summer
contract employee.

REFERENCES

Gaul, A. J. (1922): Report on Dome Mountain Claims, Telkwa, B.C., 3.C.
Ministry of Energy, Mines & Pet. Res., Open File Rept., 9 pp.
L'Orsa, A. (1982): Preliminary Geological Report, Boo Mineral Claims,
B.C+ Ministry of EBnergy, Mines & Pet. Res., Assessment Report,

10501, 7 pp.

Minister of Mines, B.C.: Annual Reports, 1915, 1916, 1918, 1922,
1923, 1924, 1934, 1938, 1940, 1951.

Tipper, H. W. and Richards, T. A. (1976): Jurassic Stratigraphy and
History of North-Central British Columbia, Geol. Surv., Canada,
Bull. 270, 73 pp.

213



214

132°

Geological setting of the Seeley Lake area In the Bowser Basin,

126
58 .
BOWSER BASIN
N
BOWSER
BASIN
HAZELTON A %
¢ SEELEY LAKE
- i g0 km LICENCE AREA
SCALE
AED ROSE FORMATION
Ij BOWSER BASIN
®* PRINCE RUPERT
34 o KITIMAT 54
Figure 72,




British Columbia Geological Survey
Geological Fieldwork 1984

THE SEELEY LAKE COAL PROSPECT
{93M/4E)

BY G. V. White

INTRODUCTION

The Seeley Lake coal licences, held by D. Groot Logging Ltd. of Smithers,
are located approximately 5 kilometres southwest of South Hazelton

(Fig, 72). The seven coal licences cover 542 hectares and lie between
the Skeena River and the Yellowhead Highway. RAccess to the property is
by gravel road from Seeley Lake Park; much of the licence area has been
logged and/or cleared for agricultural purposes.

Coal exposures on the property are poor; it was the mineral exploration
arm of D. Groot Logging Ltd. which encountered coal in 1981 in Lower
Cretaceous sediments of the Red Rose Formation. The company was drilling
around a granitic intrusion on a mineral prospect when they encounterad
coal in one of their diamond-drill holes. The cocal was analysed angd
found to be of anthracite to meta-anthracite rank. The company then
completed step-cut holes to determine the extent of the intersected coal
seam.

Since the initial coal discovery in 1981, 20 diamond-drill holes have
been completed, three in 1982, and 17 in 1983. Core from 19 of these
holes were examined during the summer of 1984.

STRATIGRAPHY

The sedimentary sequence within the Seeley Lake licence area {(Fig. 73)
belongs to the lowermost unit of the Upper Jurassic to Lower Cretaceous
Red Rose Formation (Sutherland Brown, 1960}. The sequence consists of
interbedded conglomerates, sandstones, siltstones, mudstones, and coals.

The sandstones are feldspathic and range from fine to coarse in grain
size. In places they are carbonaceous and contain occasional plant
fragments. The fine-grained sandstones are medium to dark grey in cclour
and range in thickness from 0.2 to 20 metres. The medium-grained
sandstones are light to medium grey in colour; units range in thickness
from 0.2 to 20 metres. The coarse-grained sandstones are light grey in
colour and intervals of coarse sands range from 0.2 to 2 metres.

The conglomerates range from 0.2 to 17 metres in thickness. The matrix
is variably fine to coarse sandstone. The units are poorly to well
sorted reflecting a fluctuating energy level during sediment deposition.
The clasts consist of subrounded to angular black to grey chert and
volcanic rock and range up to 5 centimetres in size.
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The mudstones and siltstones are generally black, although locally dark
grey; they range in thickness from 0.2 to 36 metres.

The coals are anthracite to meta-anthracite in rank. Individual coal
seams range up to 1.5 metres in thickness and aggregate intervals, which
include mudstone partings, can be up to 12 metres. The coals are
generally associated with mudstones, siltstones, and fine-grained
sandstones. Up to six ccal seams have been identified in the drilled
sections.

One of the Rocher Deboule stocks of Late Cretaceous to Tertiary age
thermally metamorphosed the siltstones and mudstones {Sutherland Brown,
1960) and produced the higher rank anthracite to meta-anthracite of the
Seeley Lake sequence (Koo, 1984).

DEPOSITIONAL ENVIRONMENT

Koo (1984) suggested that active pedimentation across the Skeena Arch and
west of the Omineca Crystalline Belt prevailed during the development of
coal in the Seeley Lake area.

Pronounced fining upward sequences occur with conglomerates and/or coarse
sandstones marking the start of each c¢ycle. Some of the sandstones are
crossbedded. These sequences suggest that the coarser sediments were
laid down by streams meandering across flood plains. The coals are
probably limnic type and formed inland in freshwater swamps and channels.
For this reason coal seams within the Red Rose Formation are likely to
vary in thickness and in lateral extent.

CONCLUSIONS

The Seeley Lake coal licences are underlain by the Red Rose Formation of
the Early Cretaceous Skeena Group. The sedimentary sequence within the
study area consists of interbedded sandstones, midstones, siltstones,
conglomerates, and coals. The coals are of anthracite to meta-anthracite
rank as a result of thermal metamorphism by a granitic intrusive body in
c¢lose proximity to the licence area. The coal deposit represents a
limnic~type deposit which is reflected in the fining upward cycles of the
Seeley Lake sequence.

Potential for further coal seams exists within the Red Rose Formation
sediments, both stratigraphically above and below the studied section.
The lateral extent of the coal seams may be limited because of the nature
of deposition; however, locally individuwal seams could be thick.
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PINK CADILLAC PROSPECT
(93M/5E)

By T. G. Schroeter

INTRODUCTION

The Pink Cadillac property is located 5 kilometres east of Hazelton, on
the north side of the Bulkley River at approximate latitude 55 degrees 16
minutes north and longitude 127 degrees 32 minutes west. The property is
owned by Willis Korff, a local prospector. Access to the property is by
road along the north side of the Bulkley River to the base of Four Mile
Mountain, approximately B.7 kilometres from Hazelton. The southern
portion of the property, on the south side of the Bulkley River, may be
reached by a short walk from the Ross Lake Provincial Park site.

The showings occur near water level in a canyon along the Bulkley River
(Fig. 74}).

PROPERTY GEOLOGY

The property is underlain by sandstone, siltstone, shale, and associated
hornfels and bleached tuffaceous rocks which belong to the Bowser Lake
Group of Late Jurassic to Early Cretaceous age. The rocks strike 060
degrees and dip 60 degrees to the southeast. On the north side of the
Bulkley River, several dykes of granodiorite that intrude the sedimentary
rocks are probably related to the granodiorite stock of Eocene age which
underlies Four Mile Mountain.

STRUCTURE

A shear zone which is up to 75 metres wide has been traced across the
property; it strikes 055 degrees and dips steeply to the northwest

(Fig. 74). The structure can be traced for approximately 800 metres
along strike and is covered at both ends by talus and overburden.
Locally, especially on the north side of the river, highly polished
slickensides characterize the fault zone; mineralization oceurs in guartz
vein(s) within it.

ALTERATION

The host rocks are bleached and pyritized adjacent to the quartz veins in
the shear zone. Hornfelsing occurred adjacent to dykes of granodiorite.
Silicification brecciation in the fault zone is the key alteration
feature associated with mineralization. Clay minerals are not

prominent.
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MINERALIZATION

The Main vein can be traced for 125 metres along strike with an average
width of 1.5 metres; however, where the vein splits into small quartz
veins the zone is up to 10 metres wide. Pyrite, berthierite, miargyrite,
marcasite, jamesonite, arsenopyrite, and probably other as yet
unidentified ruby silver minerals occur in a guartz breccia with minor
amounts of clay minerals (including some sericite) and siderite. The
sulphosalt minerals and the miargyrite have been identified by the Mines
Branch, Geological Survey of Canada in Ottawa and at the laboratory of
the British Columbia Ministry of Energy, Mines and Petroleum Resources in
Victoria. Miargyrite, AgSbS,, is a very rare mineral and Mr. Korff's
discovery of such is the first documented occurrence in Canada and the
first in the world since 1919, The quartz gangue is very fine grained
and locally rebrecciated with drusy cavities. BAssays of high-grade grab
samples taken by the writer returned values as high as 11 900 ppm silver
(350 ounces silver per ton). Minor amounts of gold appear to be
associated with the arsenopyrite.

Elsewhere on the property, minor amounts of molybdenite, as well as minor
disseminated arsenopyrite, occur in association with granodiorite dykes.

REFERENCES
B.C. Ministry of Energy, Mines & Pet. Res., Assessment Report 11900.

Geol. Surv., Canada, Geoclogy of Hazelton Map Area, British Columbia,
Open File 720.
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BRITISH COLUMBIA REGIONAL GEOCHEMICAL SURVEY (RGS) DATA RELEASE
SUMMARY OF RESULTS
(93M, 93N)

By T. G. Schroeter and G. V. White

INTRODUCTION

Data from the joint Federal/Provincial reconnaissance Regional
Geochemical Surveys conducted during the summer of 1983 were released
simaltaneously at 08:30 PDT on June 27, 1984 in Smithers, Fort St. James,
Vancouver, and Victoria.

NTS Province of B«C. Geological Survey of Canada
Survey Area Open Flle Open Flle

93M BC-RG5~10-1983 1000

93N BC-RGS-11~-1983 1001

These surveys cover approximately 28 000 square kilometres at an average
sample density of one sample per 13 square kilometres. Stream sediment
samples were analysed for copper, lead, zinc, nickel, cobalt, silver,
arsenic, antimony, molybdenum, iron, hydrogen, uranium, tungsten, and
manganese. Stream waters were analygsed for uranium, fluorine, and pH.
Each Open File consists of 17 geochemical maps, sample location map, and
text of field observations, analytical and statistical data. Cost is
$55.00 for each map sheet package; they are available from: Publications
Distribution, 552 Michigan Street (basement), Victoria, British Columbia,
v8v 1X4.

RESULTS

Number of map sheet packages sold:

Mo. of
93M 93N Representatives
Smithers 22 14 20
Fort $t. James* 1 24 10
Yancouver® 28 32 35
Victoria* 4 4 6
TOTAL 55 74 b

*Approximate

The weather during the day of the release was terrible - overcast and
cold with rain and snow at higher elevations.
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In anticipation of the RGS release scheduled for June 27, 1984, we listed
and plotted all mineral claims in good standing as of April 1, 1984
within map sheets 93M (Hazelton) and 93N (Manson Creek) on British
Columbia Government Mineral Maps and on topographic maps al: a scale of
1:250 000 (Figs. 75 and 78).

MAP SHEET 93M (Hazelton)

(1) Immediately prior to the RGS release between June 20 and 26, 1984,
368 units were staked.

(2) On the actual day of the release, June 27, 1984, 402 units and 32
two-post claims were staked.

{3) Immediately following the release between June 28 and July 1, 1984,
64 units and three two-post claims were staked.

Therefore a total of 834 units and 35 two-post claims were staked in map
sheet 93M as a direct result of the June 27, 1984 RGS release.

MAP SHEET 93N (Manson Creek)

(1} Immediately prior to the RGS release between June 20 and 26, 1984,
173 units and six two-post claims were staked.

(2) On the actual day of the release, June 27, 1984, 266 units and 40
two-post claims were staked.

(3) TImmediately following the release between June 28 and July 1, 1984,
380 units and nine two-post claims were staked.

Therefore a total of B19 units and 55 two-post claims were staked in map
sheet 93N as a direct result of the June 27, 1984 RGS release.

SUMMARY

(1) A total of 1 653 units and 90 two-post claims were staked as a
direct result of the RGS release held June 27, 1984 in map sheets
93M and 93W.

{2) In map sheet 93M this increased by approximately 35 per cent the
total number of active claims in the area.

{3) In map sheet 93N there was an approximate increase of 16.3 per cent
the total number of active claims in the area.

COMMENTS

(1) The turnout on the day of the release was surprisingly low.

{2) Few major companies participated directly, whereas several junior
companies and prospectors were actively involved.
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(3}

(4)

(5)

(6}

(7)
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Anomalies of pathfinder elements for precious metals and massive
sulphide deposits appear to have been the main targets.

Slightly wmore interest was shown in NTS 23M (Hazelton) than in 93X
(Manson Creek).

Comparatively, the number of units and two-post claims gtaked as a
direct result of this year's RGS release was surprisingly good,
considering the low turnout at the release.

The weather on the day of the release was terrible and the very late
snow pack also may have hampered work.

On-site investigations of new c¢laims continued during the summer of
1984 on both map sheets. It is premature to assess the significance
of any new discoveries.
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GEOLOGY OF THE WEST CARBON CREEK AREA
(930/15)

By A. Legun

INTRODUCTION

The West Carhon Creek area is located 40 kilometres west of the W.A.C.
Bennett Dam in northeastern British Columbia (Fig. 77}. Fieldwork in
1984 was directed toward compilation of the geology of a major syncline
which contains up to 1 200 metres of coal measures. Previous work
includes that of Matthews (1947), Stott and Gibson (1980), Lequn (1983),
Stott {(1983), and personnel of Utah Mines Ltd. and Gulf Canada Resources
Inc. (1980-1983 assessment reports). The area includes the West Carbon
Creek licences of Utah Mines and the former Whiterabbit licence block of
Gulf Canada.
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Figure 77, Location of the West Carbon Creek map-area,

Previous work has not resolved either the geology or the stratigraphy of
the area. Maps of Utah Mines, Gulf Canada, and the Geclogical Survey of
Canada conflict in the position, thickness, and boundaries of the
Cadomin, Bickford, and Monach Formaticons. For a time the coal measures
themselves were assigned to the Bickford Formation (Stott and Gibson,
1980) but have since been reassigned to the Gething Formation. 1In the
north Utah Mines reported more than 1 000 metres of coal measures, while
to the south Gulf Canada considered only a few hundred metres to be
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present. Stott (1983) shows Moosebar and Gates Formations to be present
in the core of the syncline; this interpretation is doubted both by other
Geological Survey of Canada personnel and by coal company personnel.

The writer spent 16 field days tracing and mapping geologic units in the
vicinity of the syncline. Field data was integrated with air photograph
examination and relevant data from previous maps. Essentials of the
geology are shown on Figure 78, The mapping enabled reinterpretation of
the structure and the stratigraphy.

STRUCTURE AND STRATIGRAPHY

The trace of the Cadomin Formation delineates the major syncline. The
syncline is flat bottomed and box-like on Utah Mines' licences but closes
and becomes very tight southward on Gulf's former licences. Tight
folding with minor thrust faulting marks each steep limb of the fold.

The structure may plunge southeast because the coal measures do not
extend northward to Williston Lake. Similar reasoning suggests a
northwest plunge in the south, therefore a doubly plunging syncline. The
syncline is faulted at its south end, according to Gulf Canada's 1982
mapping.

The area of the 'box' structure is structurally delineated on Figure 78.
Strata are flat lying within an elongate diamond-shaped area, whose north
end is outside the map-area. High ground in the south half of the
‘diamond' contains the uppermost preserved beds of the Gething Formation.
An arenite marker unit at the base of a prominent hill has been
correlated to the north and east. To the north it corresponds to the
very top of diamond-drill hole 82-8 (UJtah Mines). Beds above the marker,
which comprise the remaining 120-metre height of the hill, have not been
intersected in any Utah Mines' drill holes and are additional to the
section measured by Stott on the west slope of Mount Rochfort. A total
thickness of % 100+100 metres for the Gething Formation is calculated by
the writer. Stott assigned strata of the hill to the Gates Formation.
Stott's Moosebar Formation is an anomalously thin 60-metre mudstone
interval below the marker. However, field examination indicates that the

whole interval is better assigned to the coal measures of the Gething
Formation.

BULLHEAD GRCOUP

GETHING FORMATION

The Gething Formation is & coal measure segquence consisting of inter-
bedded thin coals that are usually less than 1 metre thick, carbonaceous
shales, mudstone, siltstone, arenite, and lesser calcareous equivalents.
In the West Carbon Creek area the sequence appears to be sandier than it
is in the east (for example, Peace River Canyon section). It is also
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distinguished by the presence of channel conglomerates 5 to 10 metres
thick and 50 to 100 metres in apparent width. In the flat-lying beds of
the 'box' structure, channel deposits that are within coal measures
correlate laterally with extensive sheet-like, crossbedded units of
arenite, pebbly arenite, and conglomerate. One of these ‘sheets' is the
important local marker unit discusged previously that is exposed beside
the site of diamond-drill hole 82-8 (Fig. 78). Other channel bodies
correlate laterally with interbedded coal measure lithologies; these may
be fluvial overbank deposits.

Gulf Canada trenched one 3-metre coal seam at the south end of the
syncline in the Gething Formation. Their single drill hole was spudded
in the Cadomin Formation; therefore it left the interval of Gething
Formation untested. In the north, Utah Mines drilled eight holes in the
Gething Formation but did not intersect an economically interesting
thickness of coal. Worth pursuing is a 1.5-metre seam, 10 metres below
the top of diamond-drill hole 82-8. It should also be present in an
undrxilled area to the south, in the vicinity of the prominent hill
described previously.

CADOMIN FORMATION

The Cadomin Formation is characterized by thick, up to 10-metre,
sandstone to pebbly sandstone units with thinner recessive intervals.
Consequently the formation tends to form 'ribbed' ridges that can be
traced on air photographs. The proportion of resistant units to
recessive intervals varies laterally and vertically within the formation.
Locally thick carbonaceous recessive intervals develop laterally so that
basal Gething Formation coal measures grade into upper Cadomin Formation
pebbly sandstones or vice versa.

In the West Carbon Creek area the Cadomin Formation varies from 200 to
275 metres in thickness, comparable to thicknesses well to the east in
the Butler Ridge area (Legun, 1984). No westward thickening is
indicated. The proportion of conglomerate is less than in the east,
which suggests that the source is not from the west. Perhaps deposits of
the Cadomin Formation are related to the cutlet of the Spirit River
channel drainage system to the east {McLean, 1977). Paleocurrent data is
required to resolve this gquestion.

Utah Mines' designation of a thin (40 to 60-metre) unit as the Cadomin

Formation is incorrect. It and the coal measures below are actually in
the Gething Formation; the Cadomin lies stratigraphically below.

MINNES GROUP

BICKFCORD FORMATION

This formation consists of salt-and-pepper sandstones, massive and low
angle crossbedded (flaggy) arenite, quartz arenite, carbonaceous shale,
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thin coals, and local thin beds of grit. The contact with the Cadomin
Formation is gradational to lithologically distinct. The presence of
flaggy beds, salt-and-pepper sandstones, and local quartz arenites,
together with the absence of thick pebbly units, distinguishes the
Bickford from the Cadomin Formation. On air photographs the Bickford
tends to be a recessive band between the more resistant units of the
Cadomin and Monach Formations; exposure is fair to poor.

This formation is distinct to the south, west of Mount Monach, but loses
lithological identity to the north. There it becomes increasingly
dominated by flaggy arenites and indistinguishable from the Monach
Formation, except for the presence of carbonaceous intervals. The
Bickford Formation is about 150 metres thick and appears to thicken
slightly to the south in the Mount Monach area. Tt must thicken
considerably between there and Mount Bickford where Stott (1981) measured
348 metres of section.

MONACH FORMATION

The Monach Formation is typified by units of flaggy, planar to shallow
crossbedded arenites; massive arenite; and minor amounts of quarte
arenite. Coguinas of Buchia are present toward the base of the

formation in exposures east of the principal syncline. The Monach forms
the top of a coarsening upward seguence that begins in the shales of the
Beattie Peaks Formation. The contact between the two formations is
arbitrarily placed where shaly interbeds of the Beattie Peaks disappear;
thickness varies from 100 to 200 metres. Sedimentary structures indicate
a shallowing upward marine sequence ending with beach and shoreface
deposits.

CONCLUSIONS

The Cadomin Formation in West Carbon Creek area is mappable and can be
used to delineate the border of the coal-bearing syncline, as well as to
separate the stratigraphy above (Gething Formation) from that below
{Minnes Group}.

The maximum thickness of Gething Formation is reached at the south end of
the flat-bottomed portion of the syncline on a flat-topped hill with

elevation 1 819 metres. Total thickness is 1 1002100 metres.

No Gates or Moosebar Formation rvocks are present in the core of the
syncline.

Fluvial channel deposits in the Gething Formation pass laterally into
sheet-like bodies of pebbly sandstone which locally form marker units.
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In the south the syncline becomes tight and has vertical dips in the
axial zone. Only the lower part of the Gething Formation is present
there.

The Bickford Formation is thinner than on previous maps and its trace on
the map differs considerably from interpretations by Stott and Utah Mines
personnel. The Bickford Formation has poor coal development and loses
distinctive lithological character northward, where it is increasingly
dominated by flaggy arenites that are typical of the Monach Formatiom;
this is interpreted to reflect an increasing marine influence northward.
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NUMERICAL DEPOSITIONAL MODELLING = GETHING FORMATION
ALONG THE PEACE RIVER
{930, 94a, 94B)

By W. E. Xilby and H. P. Oppelt

INTRODUCTION

This study was initiated during the 1984 field season to examine the
lower Moosebar and upper Gething Formations along the Peace River.
Volcanic ash bands, tonsteins and bentonites, occur in the lower Moosebar
Formation (Kilby, 1984b) and were recognized in the upper Gething
Formation of this aresa during the 1984 field season; they provided
excellent marker horizons on which to base regional correlations. A
total of 1 280 metres of drill core was examined from 16 boreholes
spanning an east-west distance of 100 kilometres (Fig. 79}. This paper
presents a preliminary correlation of these strata along the Peace River
(Fig. 80) and a numerical analysis of the gedimentary sequences
undertaken in an effort to generalize the sedimentary pattern of the
area.

Many workers have contributed to the understanding of the stratigraphic
position, lithologic character, and paleo-environments of deposition of
formations along the Peace River. The number of authors is too great to
list here but a few of the major contributors are D. F. Stott, J. E.
Hughes, R. D. Gilchrist, and P.McL.D. Duff.

STRATIGRAPHY

The strata under study represents a regressive/transgressive cycle of the
Albian Clearwater Sea. During the regressive phase non-marine
fluviodeltaic sediments, including coal, were deposited. Flooding by the
Clearwater Sea during the transgressive phase resulted in deposition of
the marine Moosebar Formation. Sediments were predominately derived from
the west, both from the Omineca Geanticline and the uplifting Rocky
Mountain Fold and Thrust Belt. The development of the basin and its
consequent infilling of clastic sediments seem to be related to a
northeast-trending hingeline parallel to the ancient Peace River Arch
(Stott, 1975).

The Gething Formation, in the interval examined in this study, contains a
series of thin-bedded rocks, derived from overbank sediment, and coal.
The sequence is occasionally broken by a thick fluvial secuence of
sandstone and uncommon lag conglomerates. Three notable coal horizons
are present in the interval examined:

(1) Superior seam, situated at the top of the formation directly in
contact with the Bluesky unit or up to several metres below this
contact;
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{(2) Trojan seam, located about 30 metres below the top of the formation.
The Fisher Creek Tonstein zone has been located in this seam;

(3) Titan seam, located about 60 metres below the top of the formation.
The No. 2 Tonstein is present in this seam along Mcosebar Creek.
Many minor seams occur between these three horizons and there is
great difficulty in correlating the zones any great distance
(Fig. 80). The geams, which are generally 1 to 2 metres thick, are
of medium to high volatile bituminous rank.

Between the Gething and Moosebar Formations is an excellent marker
horizon known as the Bluesky unit; it defines the top of the Gething
Formation. This unit is considered to be eguivalent to the Bluesky
Formation in the Alberta subsurface. In the Peace River Canyon area, the
Bluesky contains three principal units ranging from 1 to 25 metres in
thickness; local accumulations are to 50 metres. The basal zone is a
chaotic, sometimes glauconitic, chert pebble conglomerate with a mud or
sand matrix and a scoured base. The scoured base may represent a hiatus
in sedimentation. The conglomerate beds are massive with little sorting.
Pebbles, which range from less than 1 to 5 centimetres in diameter, are
generally subrounded to rounded. In places pebbles are absent and the
basal zone ig a coarse sand. The middle unit is a biocturbated and
turbiditic silty, pyritic mudstone. Individual trubidites are usually
less than 10 centimetres in thickness and the unit commonly exhibits a
coarsening upward response on geophysical logs (Kilby, 1984a). The upper
unit is a moderately bioturbated, glauconitic mudstone with thicknesses
to several wmetres. Generally, glauconite occurs as scattered grains but
sometimes dominates the zones as a coarse gritty sand. ALl three Bluegky
units are believed to be marine; however their depositional history is
still in guestion.

The Moosebar Formation overlies the Bluesky. It is a monotonous sequence
of dark grey marine shales with occasional siderite bands or septarian
concretions. The origin of the siderite bands is also uncertain but they
are probably diagenetic. WNumerous 1 to 15-centimetre~thick bentonite
bands have recently been documented in the lower Moosebar Formation
(Kilby, 1984b}. Commonly, these bentonite bands are bioturbated; rare
shell casts occur.

METHODOLOGY

The diamond-drill core was examined during a 15-day periocd in July, 1984
at the British Columbia Ministry of Energy, Mines and Petroleum Resources
core storage facility in Charlie ILake, British Columbia. 2 total of

1 280 metres of core from 16 drill holes were described. Tithologies
were grouped into one of 12 possible lithologic categories {Fig. 81). A
total of 1 022 discrete rock units were measured. The lithologic
categories are described in detail in a following section. Information
was entered into a computer data base system using the CAL DATAR LTD.
Geological Analysis Package and a Kaypro II 64K micro-computer. Computer
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SANDSTONE; FINE GRAIN

SANDSTONE; MEDIUM OR CORRSE GRAIN

SANDSTONE WITH MUDSTONE CLARSTS

TONSTEIN/BENTONITE
~~~~~~~~~~~~ SCOURED SURFACE

Figure 81, tLegend of lithologles,
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files consisted of one record for each described lithological unit. The
hole identification, down hole depths to the top and bottom of each unit,
lithology, grain size, and a visual estimate of the percentage of sand in
the unit were entered in the appropriate computer fields. The data base
package provided easy access to all data. Once all drill hole data was
entered and edited, borehole columnar sections were plotted with the
computer (Fig. 80). The Markov analysis and plotting programs were
written by one of the authors (Kilby) to be compatible with the CAL DATA
LTD. package.

Twelve lithologic units were used to describe Gething Formation core.
These units are described following:

(1) SCG - coarse to medium—-grained sandstone, relatively thick, high
angle crogs=-stratified, frequently having a scoured basal contact.
This unit shows a slight fining-up in grain size and a noticeable
abgence of burrowing. Laminae are commonly very faint and may
often only be apparent due to concentration of carbonaceous debris
along bedding planes. Reactivation surfaces are common.

(2} CGL - a mudstone pebble conglomerate. Clasts are of mudstone and
often angular with a coarse or medium-grained sandstone matrix and
occasional fossilized wood fragments. The clasts, which often show
original primary bedding, usually have an imbricated structure and
may occur in multiple bands each up to 3 centimetres thick.

(3) BSFG - fine-grained sandstone has a sharp but not scoured basal
contact and usually a fining-up gradational upper contact.
Small-scale c¢limbing ripples, and planar and ripple cross-
lamination are the primary sedimentary structures. Soft sediment
deformation appears as convoluted bedding, slumping, root growth,
and burrowing. Evidence of water fluctuation in the form of
reactivation surfaces and thin mud drapes are locally present.
Fine-grained plant debris and coal spar is usually present along
bedding planes.

(4) SMLF - sandstone with flaser bedding, is very fine to fine-grained,
commonly silty, and ranges from simple to bifurcated wavy mud
Elasers. Up to 30 per cent of this unit is mudstone. Plant
fossils are abundant on bedding planes. Moderate burrowing and
rootlet growth cause colour mottling.

{5) SLT - siltstone showing faint to indistinct bedding that is
commonly convoluted; slump structures and bioturbation are common.
Fossilized plant remains are usually abundant. Uncommon small-
scale planar cross-laminations and climbing ripples are present.

{6) MSF - mudstone with up to 50 per cent lenticular or wavy-bedded,
8ilty to sandy intercalations. In wavy=-bedded units, mud and sand
layers alternate and form continuous layers. In lenticular-bedded
units, sand lenses or ripples are discontinuocus and isoclated
throughout the mudstone host. Some sandstone lenses show micro-
crossbedding. Sedimentary structures present include horizontal
and vertical burrows, load structures, and syneresis cracks.
Syneresis cracks are postulated to result from changes in water
salinity (Burst, 1965). Macerated plant debris is commonly
present. Contacts are gradational.

238



{7) MNC - non-carbonaceocus mudstone, massive to faintly laminated in
more silty units. Plant debris and ironstone bands are rare. One
interesting feature noted in one of these mudstone units is a thin
pelecypod shell hand that can be traced through several cores
{(Fig. 80). Bioturbation is normally very slight. Contacts are
gradational to sharp.

(8} MC - carbonaceous mudstone found in association with coal seams in
the stratigraphic sequence. TLocally the mudstones contain coaly
laminations or abundant macerated plant debris along bedding
planes. Soft gediment deformation occurs mostly as rootlet
penetration. Bioturbation is slight. Contacts with coal seams are
abrupt; elsewhere contacts are generally gradational.

(9) MSL - mudstone with thin, flat sandstone streaks floating in a
mudstone host. Less than 10 per cent sand is normally presen:.
The unit is typically barren of plant debris and rootlets.

{10) COAL - coal displays dull to moderately bright lustre, reflecting
the maceral content. Cleat development is good; and locally there
is abundant pyrite on bedding planes or fractures surfaces.

{(11) SMSI - interbedded sandstone, siltstone, and mudstone usually in
less than 10-centimetre layers. The sandstones are fine grained
with small-scale crossbedding, ripples, and flaser hedding;
laminations are faint and often convoluted. Mudstones are
generally siity. All three lithologies commonly contain abundant
comminuted plant debris and low to moderate levels of
bioturbation.

(12) ASH - tonsteins and bentonites are altered volcanic ash bands
deposited in non-marine and marine facies, respectively. Tonsteins
are kaolin rich; often they have a speckled appearance from the
development of vermicular kaolinite (Kilby, 1984b). In core they
are medium grey, have sharp contacts, can be scratched with a
fingernail, and often contain coal spar and plant debris.
Bentonites congist of clay-sized material, are light grey to
greenish grey, break in poker-chip fashion, and often display low
levels of bioturbation.

MARROV PROCEDURES AND STANDARD SECTION DEVELOPMENT

The Markov procedures used in this study have borrowed heavily from
techniques described by Siemers (1978) and Davis (1973). In this study
units in individual holes were not numerous enough to provide meaningful
results, so all holes were combined. The first step in this study was to
count the number of transitions from one lithological unit to another in
an upward direction. The count transition matrix (Fig. 82) displays the
results of this procedure; 802 transitions were recorded from the 18
boreholes.

From the count transition matrix it was apparent that some transitions
were more common than others, such as MC to COAL with 80 occurrences of
this transition recorded. Wote that these values do not take into
account the relative amounts of each unit present. To examine this
problem, following Siemer (1978), the expected matrix was calculated.
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COUMT TRANSITION MATRIX EXPECTED MATRIX

COAL  MNC MC MS5F ST MEL SFG SCG SMLF DGL SMSI SODR TOTAL COAL MNC  MC MSF SLT MSL SFG SCC SMLF OGL  SM5| SOOR
COAL 0 39 518 1] 13} 4 2 5] ¢ of a4 | 144 COML b3 3| 2 7l n alwoflw| | s 4] &
MNC 1 o] 21] 1] s sf ] 12| 18 21 2{ 10} 13 MiC 23| 2] 21 sf 10 3 e 9| =8 sf a| s
MC 80 19 ] S 7 1 & 1 4 q 7 31 13y 7 H alan sF 10 3 k] ) a 5 4 5
MSF 7 7 ol of =] 2| 4} z2| 4] o]l 20 2| # MSF 7 s] s 2f 3| | 3] 3] z2]| 1 1
s w |2 w|l 1] o] of sf 3] 1] o] 2| s| s SLT 1z Lol w] s s| o] «f ¢ o} 21 2] 2
MSL 3 4 1 1 1 o 1 5 3 1 o 3 2 ML 4 3 3 1 1 o 1 ] 1 ] Q 1
SFC 10 10 8] &f 4 2] of 2@ 5] ro] 2] o] 9 SFG 10 sl 9 3] 4| al 4] s3] 2} v 2
56 LI BE ef t] 2| 2] 3| o) z2] 2] 5] 2] & 566 1" ol o] 3] s] | & &) 3| 2| z| =
SMLF 7 Yz | o] o] s 5| ] e e] 1] =z 41 = SMF 9 sl sf 2| 4] 1 s 31 3] 2 2
6L [+] 2 Q a [+ oy 1o 15 2 ] t { n ol 5 r 5 1 2 b} H ? 2 1 1 t
SMS1 8 2 5] of 2] t] 3] 1] of o] of 3{ 24 SMS) 4 ab 4| o 2| o] ] ] 1] of o] 1
SCOR [+] ] 1 1 2 1 6f 15 4 5 9 [ 3 SCOR 6 5 5 1 2 1 2 2 2 1 1 1
TotaL fias b | isz] s1] ee] 23] eof se] sz]| m| zr| 3| moyf

CIFFERENCE MATRIX Total Averags

Thickness No. of Thickness

COML MNC  MC MSF ST MEL SFG 506G SMLF OBL  SMSI SOOR Lithology (metres) units tmatres)
core 25 s | uf 4] 2| of -] 7| o] 5] of COAL 83.67 147 0.57
] -5 |-z0 of of sf 2 ] 3] 1w 3] -z} s e 243.22 33 1.82
MG B& =2 | -21 -1 =3 ~Z| -3 -8 ~4f -5 M -2 MC 18.42 136 0.57
MSF o 1 3| -z e of o -] z2f -] ] MSF 67.57 42 1.6
SLT 2 " of -2 -5f 4] -1 =3 -2 0 4 SLT 105.65 68 1.55
MeL -1 v ] o=zl o] of o ef 4] 2] 1| o 2 ML 38.30 3 1,66
SFG o 1| o 2] of ] 4] 2| =2 s} 1] -2 56 101.20 &0 1.68
506 -8 4| o] - A 1] 1) -4 ] 0] 3] o S06 1676 62 1.88
smr | -2 4 ef -1] z| 4| -2] 3] -2 1] ] = SMLF 77,46 54 1.43
o6l =5 -] 5] -] 2] of ef 13} of 1] of e ciL 6.16 3t 6.20
$ms1 4 |2 ] 4] o] 1] 2] o] -1} o] o] 2 SMS1 81.83 2 3.03
SOOR - =5 -4 0 Q [ af 13 2 4l <] - SCOR 0.38 36 Q.0Y

Figure B2, Count, expected, and difference matrices for Gething Formation sediments,
Table summarizes abundance and average thickness of |ithologlical units,
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The values in this matrix were those expected if the succession of
lithological states was perfectly random. Each element in this matrix
was computed by cross-multiplying the count matrix row and column totals
and dividing by the total number of transitions. This expected matrisx
was subtracted from the count transition matrix of observed transitions
to produce a difference matrix (Fig. 82), that shows the differences
between the observed and expected values. Positive elements in the
difference matrix represent upward transitions that had a higher than
random probability of occurring. Figure 82 also contains a tabulation of
the number, total, and average thickness of the 12 units.

A refinement and expansion of the previously mentioned procedure was
performed following Davis (1973). Five matrices were contructed; upward
and downward transition probability matrices, upward and downward
substitutability matrices, and a mutual substitutability matrix {(Figs. 84
and 85). The upward transition probability matrix is a measure of how
frequently a given unit is followed up section by another particular
unit, It was calculated by dividing each element in each row of the
count matrix by the total of the row; each row sums to one. The downward
transition probability matrix is a measure of the frequency a given unit

COAL

0
A
M

— SUB-CYCLE 1 —y— SUB-CYCLE 2 .-
X

- :
O

SCOR

Figure 83, Transition flow diagram [llustrating
significant transitions on the
basis of strongly positive values in
the difference matrix, 241
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was preceded by deposition of another particular unit. This factor was
calculated from the count matrix by dividing each element in each column
by the column total; each column of this matrix sumgs to one. The third,
fourth, and fifth matrices are the substitutability matrices, they
measure the degree of similarity between two units with respect to
surrounding units. The upward substitutability matrix contains measures
of similarity of any two lithologic units to be overlain by a similar
lithological unit. The downward substitutability matrix is the same
except the similarity is based on the tendency for two states to be
underlain or preceded by a similar lithology. The upward
substitutability matrix was calculated for each pair of lithologies by
calculating the cross—product ratio of the respective rows. The downward
substitutability matrix was calculated in the same manner but using
columns instead of rows. The mutual substitutability matrix measures the
degree bto which two units are over and underlain by similar units. This
matrix was cobtained by multiplying the corresponding values from the
upward and downward substitutability matrices.

& chi=-square test was used to test the count transition matrix for the
Markov property (Davis, 1973, p. 288). The null hypothesis stated that
the observed transitions were independent of each other and therefore
random. The alternative hypothesis was that they had a significant
degree of dependency and thus formed a Markov chain. The statistic
obtained was 854 with 120 degrees of freedom, therefore i:he null
hypothesis was rejected with a confidence of at least 99.5 per cent; the
sequence has a first order Markov property. With such a strong
rejection, the possibility exists that higher order chains may be
present; this hypothesis was not tested.

Attempts to obtain a representative sequence of lithological units
descriptive of the major sedimentary pattern for the Gething Formation
was made by a combination of traditional and automated technigues.
Traditionally the difference matrix is interpreted and a gchematic f£low
diagram constructed to illustrate the determined pattern of unit
trangitions. Figure 83 is such a diagram; it is based on the strongly
positive difference values (highlighted) in the difference matrix

(Fig. 82). This interpretation suggested a general fining upward
depositional cycle composed of two fining up sub-cycles. The overall
cycle in the Gething goes from a scour surface through successively finer
grained sediments to coal. At the position of non-carbonaceous mudstone
{(MNC) the progression has about an even statistical chance of continuing
on to finer grained sediments or cycling back into coarser grained
material. When the progression passes MNC into the finer sediments,
fining generally continues until COAL is encountered. Ccal will in turn
be followed by either carbonaceous mudstane or non~carbonacecus mudsteone.
The two sub-cycles are the coarse-grained cycle SCOR to MNC and the fine-
grained, coal-bearing, cycle MNC to COAL. These two seguences are
believed to represent fluvial (lateral accretionary) and overbank
{vertical accretionary) deposits, respectively. The units SMSI and MSL
were not
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represented in this interpretation, due largely to the low number of
transitions involving these units. The upward transition probability
matrix (Fig. 84) is similar in some respects to the difference matrix
(Fig. 82) but quite different in others. The probability matrix does not
address the problem of the relative abundance of the units, however, it
can be used to generate a representative stratigraphic pattern by a form
of Monte Carle simulation. 1In the simulation a starting unit was chosen,
in this case SCOR, and on the basis of the probability values in the
matrix the sequence of transitions determined. The first simulation was
allowed to continue until all 12 gsedimentary units were represented at
least once. O©One thousand simaulations were performed with the average
length of section required to include all 12 units being 61 lithologic
units. In most cases the last unit to be referenced was either SMSI cr
MSL due to the relatively low upward transition probabilities for both.
In an effort to obtain a more compact sequence these two lithologic units
were assumed to be a subset of larger unit and grouped with osther similar
units. Groupings were based on the mutual substitutability matrix

(Fig. 85). Bs described earlier, two units which are strongly
substitutable are overlain and underlain by similar units, and thus
deposited in similar environments. Both SMSI and MSL were most <losely
matched with the siltstone {(SLT) unit. The modified upward transition
probability matrix was then utilized in another Monte Carlo simulation.
The average gection length in this case was 36 units. The simulation was
then continued and 10 sequences of exactly 36 units were gensrated. The
average number of each unit was then calculated from these 10 sequences
to arrive at the number and type of units in the Monte Carlo standard
section. Based on this simulation and the flow diagram (Fig. 83), a
representative sequence was constructed (Fig. 86). The standard section
is 36 units in length and contains four fining-up sub-cycles. For ease
of unit identification the standard and simulated sequences displayed all
units with the same thickness; Figure B2 contains a tabulation of the
average unit thicknesses. The simulation confirmed the interpretation
represented on Figure 83; the two sub-~cycles are present and lithologies
of the two do not mix. Sequence No. 2 of the standard section is an
example of the complete, uninterrupted sequence from coarse-grained
through finer grained sediments to coal.

DISCUSSION

Correlation of gross features is relatively straightforward on the
correlation diagram (Fig. B80) and the Moosebar-Bluesky-Gething contacts
are easily followed across the section. The bentonites in the lower
Moosebar Formation are everywhere present and provide a time constraint
to the diagram. The thickness between these bentonites and the top of
the Gething Formation increases to the east, suggesting marine deposition
in the east and active coazl swamps in the west. 7The Bluesky marker
interval increases in thickness from the west to the east. Column 15
(Fig. 80) contains a very large thickness of sandstone believed to be
Bluegky. The Bluesky Formation in the subsurface of Alberta and
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STANDARD RANDOM EXAMPLES
SEDIMENTRRY OF

SEQUENCE MONTE CARLO SIMULATION

Figure 86, Derived standard sedimentary sequence for the upper Gething formation based on
a Monte Carle simulation of the upward transition probability matrix,
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northeastern Britigh Columbia is of a similar thickness; conceivably the
section contains the transition zone from what is referred to as Bluesky
on the coal properties of the Foothills to the formal Bluesky Formation
in the subsurface.

Correlation of Gething strata is difficult. Coal seams can be correlated
across several holes but, with the exception of the Trojan seam,
individual seams are not laterally continuous on this section. The
Trojan seam has heen tentatively correlated across much of the western
portion of the section. Tonsteins seem to be erratic, hut this is neot
the case in reality. Two of the major zones have been corr=lated as far
as 120 kilometres soathward to the Sukunka region. Apparently
significant numbers of these bands were removed from the core with the
coal intervals during sampling thus limiting their usefulness in this
study. A major mudstone zone, approximately 10 metres thick, has been
correlated across the section. In some cases this correlation is
tenuous, but in others the presence of a coguina band in several holes
strengthened the correlation. Structure has also complicated borehole
correlations. Fault duplicated sections were noted in outcrop sections,
and geophysical logs show several duplicated intervals in the holes
presented here. Resolution of the structure has not yet been attempted.
Despite structural complications, several prominent zones were
correlatable over significant distances.

The Monte Carlo standard section for the Gething Formation depicts two
sub-cycles and one large cycle made up of the combination of two
sub-cycles. The coarse-grained sediments represent active meandering
stream deposits. The lower cycle {Fig. 86) consists of thick, fining-up,
laterally accreted sandstone channel fill with a scoured base and lag
deposits and ends with silts and non~-carbonaceocus muadstones. 'The finer,
coal-bearing cycle represents vertically accreted floodplain depositsg
with well to poorly drained swamps and peat swamps and charnel margin
levee deposits. Episodic crevasse splay deposits comprise a third, minor
cycle which can enter the floodplain cycle at any point (not represented
on the standard section}.

Typical meandering stream channels erode on the concave side and deposit
on the convex portion of each meander, point bar. This combination
produces a tabular sand unit overlying a near horizontal erosion surface,
with or without lag deposits. Point bar deposits are commonly overlain
by finer grained floodplain deposits. In this study lithological units
associated with this environment would be SCOR, CGL, SCG, SFG, and SLT,
with MNC representing the overlying fine-grained flood deposits.

With channel migration, substantial flood basin sedimentation, consisting
of vertically accreted deposits in the interdistributary areas, is
initiated. Flood plains act as settling basins in which long-continued
accunulations of fine-grained suspended sediments are derived from
overbank flows (Reineck and Singh, 1980). 1In well-drained swamps
pericdical subaerial exposure oxidizes sediments, destroying the organic
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matter. ©Non-carbonacecus mudstones (MNC) often seen in the section may
represent this setting. In stagnant waters reducing conditions preserve
organic matter, creating carbonaceous muds (MC). Continued accumulation
of the organic matter results in thick vegetation growth that leads to
peat development and the beginning of coal swamps. The association of
mudstones and coals is demonstrated in the difference, upward and
downward transition probability matrices where MC and COAL have high
transition measures.

CONCLUSION

Examination of the upper portion of the Gething Formation along the Peace
River has only begun. More work is needed to sort out the structural
problems and to attempt detailed correlations to facilitate understanding
of the depositional history of this area and document the areal
distribution of the various facies. The study to date has:

(1) demonstrated the presence of potentially powerful marker horizons;

(2) shown the presence of a strong preferred ordering in the sedimentary
sequence; and

(3} 1illustrated the time relationship of the Gething-Bluesky-Moosebar
contacts in this area.
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British Columbia Geological Survey
Geological Fieldwork 1984

EASTERN LIMIT OF UPPER COAL MEASURES OF THE GETHING FCRMATION
{ CHAMBERLAIN MEMBER)
PEACE RIVER COALFIELD
(93p)

By A. Legun

INTRODUCTION

In a recent correlation of Lower Cretacecus coal measures in the Peace
River Coalfield, Duff and Gilchrist (1983) documented the presence of a
major marine tongue in the Gething Formation. The marine tongue
separates the Gething Formation into upper and lower coal measures for an
area extending southeastward from the Sukuna River (Fig. 87). Northwest
of the Sukunka River the upper coal measures pinch out and the marine
tongue passes laterally into the Moosebar Formation. To the southeast at
Kinuseo Creek the marine tongue pinches out and upper and lower coal
measures merge (Fig. 88). The upper coal measures of the Gething
Formation are termed Chamberlain member by Duff and Gilchrist (1983).

Examination by the writer of additional coal drill hole data, together
with gas and oil well data from the plains, support the Duff and
Gilchrist correlations and tentatively define the areal limits of the
Chamberlain member in the Sukunka-Gwillim Lake area (Legun, 1984)., A
delta-like lobe was delineated which pinched out both to the north and
east against marine units. Work this year was focused on tracing the
marine boundary of the Chamberlain member to the southeast of Gwillim
Lake. The work was facilitated by the B.S¢. thesis of Williams (1984) on
the Bluesky Formation of the plains.

The Bluesky, as defined by Williams and oil company geologists,
corregponds to the interval between lower coal measures of the Gething
Formation, and the Moosebar Formation; therefore it includess the marine
tongque, Chamberlain member, and its lateral (marine) equivalents

(see Fig. 88). Williams subdivided the Bluesky into a number of

units based on geophysical signature. Her continental unit, Bt, is
roughly egquivalent to the Chamberlain member, though it is isopached into
areas where no coal is present.

This writer reviewed Williams' work and reinterpreted the eastern limit
of the upper ccal measures based on the presence or absence of coal.
Results are shown on Figure 87. The figure shows the boundary to
continue east-southeast from the Gwillim Lake area, swing toward the
north in the vicinity of West Kiskatinaw River, then revert to a
southeast trend near Kiskatinaw River. This boundary indicates the
maximum eastern extension of continental deposits (delta and coastal
plain) into the Moogebar Sea during regression.
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In the Getty et al Gwillim well, Williams failed to recognize the upper
coal measures (Chamberlain member) and the great thickness (110 metres)
of marine tongue below. Only 20 metres is designated as marine tongue
(Williams' unit B) and traced to the north in section A-A'. As a result,
Williams' unit B of the Bluesky corresponds with the marine tongue of
Duff and Gilchrist only in the eastern portion of her study area. In the
west the true marine tongue (which includes her Spirit River No. 4 unit
in section A-A') passes into Moosebar Formation shales northward, as it
does in the Northeast Coalfield. The geophysical trace of Chamberlain
member equivalents in the Peace River area is well within the Moosebar
Formation, 85 metres above its base.

To confirm correlations and rapid thickening of the marine tongue to the
west, a line of section from Canhunier Esso Steeprock to HB et al Oetco
is presented (Fig. 89). At Canhunter Esso Steeprock the marine tonque is
thin (35 metres), upward coarsening, and bounded by coal measures. The
tongue has thickened at Canhunter Esso Puggins and Canhunter et al Moose
but there are no overlying coal measures; these well localities
correspond to positions east of the marine/continental boundary on

Figure 87. Upper coal measures reappear at Getty et al Gwillim but are
on the point of pinching out at HB et al Oetco where the marine tonqgue is
150 metres thick. To the southwest, in the coalfield, Duff and Gilchrist
show 120 metres of marine tongue in diamond-drill hole RP-53.

Northwest of HB et al Oetco, the geophysical trace of upper coal measure
equivalents within Moosebar Formation shales can be traced in drill holes
and well logs to the Peace River Canyon area, where they lie some 115
metres above the base of the Moosebar Formation. Continuing work by
Kilby (1984) on tonstein markers in the Moosebar FPormation should verify
this correlation.

DEPOSITIONAL HISTORY

A marine transgression penetrated southward and drowned coastal and
deltaic peat environments represented by the Lower Gething Formation.
The western position of the shoreline at this time is not known and may
have been in eroded terrane west of the coalfield. By the time marine
waters reached their southern limits of extension at Xinugeo Creek, a
considerable amount of marine sediment (85 to 115 metres) had been
deposited in the Peace River area to the north.

A localized regression followed due to increased sediment supply in the
study area. This is reflected in the coarsening upward (that is,
shallowing) nature of marine deposits in the Moosebar embayment.
Continental deposits prograded to the east and a wide coastal-deltaic
plain extended from Gwillim Lake east-southeastward to beyond the Alberta
border. Peat environments in the plain Formed future coal measures of
the Chamberlain member at this time. The plain did not extend north of
the Sukunka River; the shoreline probably swung to the west and the
emnbayment widened northward.
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This rather localized regression was followed by the principal
transgression of the Moosebar Sea. The sea drowned conastal and deltaic
deposits of the Chamberlain member and the shoreline retreated far to the
west. To the southeast marine waters extended into Alberta.
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O FIGURE 91 LOCATIONS
D HULCROSS; FIGURE 92 LOCATIONS

0 TWIN BENTONITES: FIGURE 93 LOCAYIONS

LOWER MOOSEBAR BENTONITES; FIGURE 94 LOCATIONS

A FISHER CREEK TONSTEIN: FIGURE 85 LOCATIONS

Figure 90, Location map of borehole sites used in the tonstein and bentonite correlation
examples, Section lines iIndicate the order in which the holes appear on the

various sections,
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TONSTEIN AND BENTONITE CORRELATIONS IN NORTHEAST BRITISH COLUMBIA
(930, P, I; 94a)

By W. E. Kilby

INTRODUCTION

Examination and correlation of tonsetins and bentonites was continued in
northeastern British Columbia during the 1984 field season. Correlation
distances were doubled for several of the previously identified tonstein
horizons. Samples were collected for radiometric age dating. Several
formation contacts were examined on a regional scale with respect to
tonstein and bentonite horizons. Chemical data became available for 58
samples. Preliminary statistical analysis of this data was encouraging
For correlation purposes. Mineralogical (XRD) results also appear to
hold promise as a correlation tool.

REGIONAL CORRELATIONS

Volcanic ash falls, by their nature, cover large areas. Given the proper
low energy depositional environment the resultant tonsteins and
bentonites can be present over large distances. Three previously
described zones (XKilby, 1984) were examined and have had their
correlatable distances considerably extended. Ash bands in the Hulcross,
Moosebar, and Gething Formations were used to gain an understanding of
the diachronous nature of several formational contacts. A series of
sections through the varicus horizons is presented below, the areal and
stratigraphic positions of these sections are given on Figures 90 and

91.

HULCROSS

Prominent bentonite bands in the lower Hulcross Formation are exposed on
the edge of Highway 29 along the Peace River east of Hudson's Hope; one
40-metre section in this area contained 17 bentonite horizons. A
bentonite band located at the junction of Farrel Creek and the Peace
River was sampled Ffor radiometric age dating. This sample is presently
undergoing analysis at the University of Alberta. -A borehole drilled
near this position encountered four prominent bentonite bands in the
lower Hulcross. Examination of geophysical logs through this interval at
widely spaced locations showed these four bands to be continuous over a
considerable distance. TFigure 92 is a display of geophysical logs from
three widely spaced holes illustrating the relationship between the
isochronous bentonite bands and the diachronous Hulcross-Gates contact.
Several of these horizons were sampled and the correlation will be tested
as chemical and mineralogical data become available. Examination of the
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sections show that at the time the lowest of the four ash bands was being
deposited marine conditions had existed for a considerable time in the
area of hole number 1 te the north, but in the area of hole number 3,
coal swamp facies had just been replaced by marine sedimentation. The
thickness of the intervening mudstone suggests that sedimentation rates
appear almost constant over the length of this section during the time
encoupassed by these four bands.

MOOSEBAR

Bentonite horizons have previocusly been recognized in the Moosebar
Formation from Peace River to the Grande Cache area of Alberta. Duff and
Gilchrist (1981) correlated two prominent bands in the Bullmoose-Sukunka
area. Two prominent bentonites have been used by workers in the Monkman
area to sort out structural problems. A series of bentonites have been
correlated in the Geoodrich-Pine Pass area and a persistant geries of thin
bentonites are present along the Peace River (Kilby and Oppelt, this
volume ) .

In the Peace River area a series of up to four bentonite bands are
located about 10 metres above the Gething-Moosebar contact, or Bluesky
(N) unit. These horizons have been traced more than 100 kilometres in an
east-west direction (Kilby and Oppelt, this volume, see Fig. 80}).

A marked decrease occurs in the stratigraphic distance between these
bentonites and the top of the Gething Formation in a westerly direction.
In the west in borehole 1, the bentonites are in contact with siltstones,
possibly of the Gething Formation, while to the east they are well above
the Gething Formation. This coarser grained material, if not Gething
Formation strata, at least suggests proximity to a shoreline or sediment
source. A relatively constant thickness between the bentonite and
Gething Formation ig present from boreholes 2 to 23 while over, but from
boreholes 13 to 14 a similar distance, the interval thickness quadruples.
This significant thickness increase and the decrease in coal content in
the underlying Gething Formation suggest that this area coincided with a
break in facies in late Gething time.

In the Sukunka River to Belcourt Creek area two prominent bhentonite
horizons occur in the lower Moosebar Formaticon. These bentonites,
referred to as the Twin Bentonites (Kilby, 1984), have been correlated
over a distance of nearly 100 kilometres (Fig. 93) and the correlation is
open at both ends. Figure 93 contains three borehole geophysical logs of
these bentonites and the Moosebhar-Gething contact. The constant
thickness between the bands suggests a constant sedimentation rate over
the area at the time of the ash falls. Also apparent is convergence of
the hentonites and the Gething Formation in a northward direction. This
relationship implies that coal swamps were present in the Sukunka area
while marine Moosebar sedimentation was occurring to the south. As it is
generally accepted that the Clearwater Sea transgressed in a southerly
direction there must have been an embayment south of Sukunka or
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alternatively the Sukunka area formed a projection seaward (eastward),
possibly in the form of a delta, during the early phases of the marine
transgression. Duff and Gilchrist (1981} tentatively correlated these
bentonite horizons with two bentonites in the Peace River area. Thisg is
a considerable distance with no intermediate data locations to reinforce
the interpretation therefore this correlation remains questionable at
this time.

In the Goodrich area, between the Pine River and Brazion Creek, a series
of prominent bentonite horizons ocur within the lower 50 metres of the
Moosebar Formation. These bands have been used by company workers in the
area and are traceable over a considerable distance. TFigure 94 displays
a tentative correlation of these horizons between the Pine and Sukunka
Rivers. The possibility exists that these bhentonites correlate with
those discussed earlier along the Peace River. These correlations are
strongly influenced by the distinctive nature of the Bluesky (N) unit
(Kilby, 1984a). This unit is persistent from the Peace River to South of
the Sukunka River. The three members of the unit from the base up are: a
thin conglomerate or conglomeratic unit; a turbiditic, coarsening~up,
bioturbated, silty mudstone; and a glauconitic mudstone or glauconite
sand interval. This unit is readily distinguishable in boreholes and
well-exposed outcrop sections. In the south it is overlain by the Upper
Gething and forms the basal part of the Moosebar Marine tongue of Duff
and Gilchrist (1981).

The Fisher Creek Tonstein zone (Kilby, 1984b) was traced hoth northward
and southward (Fig. 95). Examination of the Gething section along
Moosebar Creek yielded a fault repeated occurrence of the Fisher Creek
Tonstein whose identity was confirmed by the presence of the No. 2
Tonstein 30 metres stratigraphically below it; Xilby (1984b, Fig. 38h)
suggested this possibility. Examination of borehole geophysical and
lithological logs from the Sukunka and Quintette areas indicates the
presence of tonsteins in the proper position to match the Fisher Creek
and ¥Wo. 2 intervals. The Gething Formation north of Burnt-Sukunka Rivers
is equivalent to the Lower Gething of the Sukunka region. The Upper
Gething of the Sukunka area contains locally well-known coal seams such
as the Bird, Chamberlain, and Skeeter; it has no expression north of the
Burnt-sukunka area. The Fisher Creek Tonstein, No. 2 Tonstein, and
Bluesky (N¥) are all parallel and approximately 30 metres apart over the
Peace to Sukunka River area. This association is very useful in
correlating sections from the many properties. It can now be shown that
the following seams were being deposited at the time the Fisher Creek
Tonstein fell: Trojan Seam in the Peace River area; No. 1 Seam at Willow
Creek; E Seam at Homan Creek; Brenda Seam at Falling Creek; WNo. 1 Seam at
Goodrich; and B Seam at Sukunka.

Excellent exposures of the Bluesky (N) and Fisher Creek Tonstein zone
occur on an exploration road along Chamberlain Creek. The Fisher Creek
Tonstein was sampled for radiometric age dating along Fisher Creek and is
presently being processed. This data and those obtained from the
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SAMPLE FORMATIONM SI0Z

RBZ-1

RB2-2

RE2-Z

R824

RB2-5

R32-&

r82-7

R82-8

r82-9

R2-10
RB82~11
R82-12
RE2-13
RBZ-14
R82-15
RB2-14
RE2-17
RBZ3-18
R82-20
Rgz2-21
rRBZ2-2

R82-23
R82-24
RB2-25
RB2+24
R82-27
rB2-28
R82-29
R82-30
RB2-31
RB2-32
R82-33
R82-34
R82-35
R82-36
RB2-37
R82-Z8
RB2~37
RB82-40
RB2-41
R82-42
DUF =23
DUF-35
REB3~2

RE83-3

RB3~3

RBT-4&

R33-7

RB83-8

RE3~-%

RB3-10
RB3-11
RB3-13
RB3-14
R33-13
REB3-20
RB3-24
RB3--25
RB%-26
RB3-27
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MOO0S
MOOS
MOO0S
MOOS
GETH
GETH
Moos
SETH
GETH
GETH
MO0Ss
GETH
GETH
GETH
GETH
BETH
GETH
GETH
GETH
GETH
GETH
GETH
GETH
GETH
GETH
GETH
BETH
GETH
GETH
GETH
GETH
GETH
GETH
GETH
MOOs
MOCS
MOOS
MO0s
MOOS
GETH
GETH

GETH
GETH
GETH
GETH
GETH
BETH
GETH
GETH
GETH
GETH
GETH
GETH
GETH
GETH
GETH
GETH
GETH

I7.72
49,99
43,68
21.79
44,97
45,69
44,18
a7.17
S52.66
39.04
25.94
52,56
48.73
40,734
52.55
52.45
47.87
51.01
49,38
51.15
49,84
50.98
52.04
44,89
53.07
S4.11
39.49
S1.44
S3. 25
40,47
42,06
S0

41,33
47,75
29.63
46,34
20.52
37.05
42,64
53,02
33.B6
50.29
47,92
45,82
43,24
39.71

38. 44
48.53
49.8

S51.07
AS. 77
49.3

45,01
48.23
4é.14
37.05
51.7

S0.18
47.41

ALZOS

21.74
27.62
5.07
15, &9
b, 64
33,40

32,63
34.83
22.7

23,06
12.71
18.21
2%9.79
22.23
26,35
23.54
25.47
24.463
3%.82
34,073
26.42
34,42
21.76
35.2

27.78-
27.&67
25.11
24,87
27.38
27.%1

33.5

30.7%9
23.56
34.75
23. 21
3Z2.81
14.731
20.84
18.%5
28.92
22,12
35.07
I4.58
35. 45
34.48
R&.71
26.19
23.26
34.1

33.31
33.41
29.93
33.72
31.34
35.25
32.48
24.8

27.91
24.78
3038

FEZ03

4.
2.31
2.91
7.28
U3
.12
3.62
1.73
1.51
.22
5.84
1.44
1.53
2.51
2.3%6
3.04
2.0686
1.14
1.11
0,05
1.03
0.13
0.26
.07
.62
<.8
4,88
1.6
Q.46
12.07
0,23
.67
0,22
Q.27
4. 44
Z2.42
&.04
.19
4.4
1.57
4.83
- 14
.27
.1
213
t6.07
4.51
14.55
.74
.78
<12
8. 34
. 24
7.54
1]
3.58
4.7%
1.44
2.98

8.52

M0

4.15
.97
<.11
7.57
.~
<. 11
-t
1.71
Z.95
&.27
2.12
t.467
2.81
1.23
2.95
1.352
1.54
Q.18
.11
1.48
“.1
<.11
0,22
0.70
0,72
2.81
.92
0.75
.93
0,07
.07
0.09
.15
4.%8
0.53
B. %2
3,67
3.2
0.94
4,26
06
.09
-Q7
L Ob
.26
2.93
Y-
.18
.1
.07
.18
.1

TABLE 1
ANALYSES OF 58 TONSTEIN SAMPLES

CAD

7.94
2.39
1.14
17.41
.1z
N . OF
1.83
462
3.78
&.83
14.84
ey}
2.48
S.07
.2
.58
1.94
3.0
0.1%
<. 09
1.8Bs&
Q.1
0.12
Q.tS
1.86
.98
4,96
1.8z
1.18
.9
0.34
0.42
0.1%9
.11
11.86
1.86
18.42
8.44
7.51
.59
9.5%5
.24
.1
o2
.9t
« 33
7.83
.08
32
W37
.13

.27

NAZD

i

3 L0

o ]

.14
.14
.21
.09
1.81
-44
.1
i.14
C.4%
<. 4B
1.37
1.92
.37
.83
.02
0.02
1.22
0,01
.03
0.1&
1.28
1.45
1.29
0.54%9
24
0,04
0.05
C.0R
0,08
0.48
Q.11
0.14
Q.04
Q.08
0.15
0.4
0.73
02
- A7
.08
.09
<14
- 04

K20 TI0Z
.32 .61
1.4 .77
.15 .64
-1 .44
-3 . B3
.2 1.05
.51 76
.15 1.17
.Sl .89
1.34 .71
.14 .52
3.2 .02
5.14 W7
.88 -
1.77 .81
1.52 s
.83 .72
9.42 1.015
0.31 1.26
.08 1.13
0.98 e
G.8  1.07
0.29 1.95
Q.25 . ?L
0.34 .96
.53 77
1.18 .8
4.%4 .57
1.10 .70
.74 .75
0.3t .43
0. 44 .7
.23 -1
.71 1.32
a.21 T
.72 .59
Q.12 .27
0.41 .53
t.31 .42
.8 .84
Q.51 .87
-11 .72
47 1.31
.08 .45
.24 .54
.27 .59
.38 -]
.27 - 68
77 1.27
.54 .85
1.08 1,07
235 .82
.37 . L8
.34 .83
.38 .83
.28 1.01
.2 .83
2.64 .52
1,24 .48
.33 .83

MND

.035
L OCA
.01
051
L 004
£.002
L0023
L0135
02
. 034
037
. 008
L0015
.03
. G21
028
-2
014
.01
. 004
014
- 003
<. 002
<L 002
. QO3
011
.34
012
2003
097
< 003
.017
<. 003
< a Q03
024
.0t
047
@31
L 023
<012
. 051
Q04
<. 003
< w003
<. 003
. 0BS5S
. 031
. 038
04
Q04
<, 003
. 058
< .03
-4
L Oad
. 028
2041
L 007
. 009
061

L33
.48
.4
.23
L02
02
.82
.45
02
.02
.33
04
.02
.02
.02
03
.02
.05
.16
.08
.02
11
L07
£ 02
.03
.02
07
.02
.02
- 27
.02
.28

.03

.77
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184

148
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144
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404
197
1473
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138
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bentonites in the lower Hulcross Formation may provide clues to the
source area of the ash and will provide the opportunity to examine the
sedimentation rates of intervening strata over a large area. The
parallel character of the Gething Formation tonsteins, Bluesky (N), and
the bentonites in the lower Moosebar Formation between the Peace and
Sukunka Rivers indicates that the whole area was a continuous coastal
swamp which was inundated virtually simultaneously over this length
during the initial transgressive phases of the Clearwater Sea.

CHEMISTRY

Assessing the potential of chemically correlating the tonsteins was one
of the main objectives of the overall project. Tt was hoped that some
means of chemically 'fingerprinting' the various altered ash bands would
be found to enable rapid correlation of these horizons when new bands
were encountered during exploration. At the end of the field season
analytical results became available for a set of 5B samples from the 19282
and 1983 field seasons. These analyges were examined graphically and
statistically using a micro-computer. The samples were from the Gething
and Moocsebar Formations; all were from the Pine River to Brazion Creek
region. Preliminary analysis of this data is presented here and a few
examples of the correlation potential based on sample chemistry also are
given. Analyses for thirteen elements were performed. Si, Al, Fe, Mg,
Ca, Na, ¥, Ti, and Mn were determined using Atomic Absorption
Spectroscopy techniques. Samples were prepared by fusion in borate glass
crucibles, fluro-borate dissolution, and stabilization of gilica. The
A.A.S. unit was calibrated using synthetic multi-element standards; the
data were reduced on a micro-computer using least squares poly-
sensitivity drift monitoring and correction, and a weighted least squares
fit calculation for calibration and variance. P, Rb, Sr, and Zr values
were determined using X-Ray Fluorescence instrumentation. The lanthinum
doped borate glass method was employed using natural standards with line
overlap mathematical corrections. BAll sample preparation and testing
waere performed by personnel of the Ministry of Energy, Mines and
Petroleum Resources Analytical Laboratory. Results of the 5B gamples are
presented in Table 1. These data were entered into a micro-computer and
stored using the Data Handler module of the Cal Data Geological Analysis
Package. Most software utilized in the study was contained in the
Statistical and Geochemical modules of this package but several programs
were written by the author to perform specific procedures. Correlation
coefficents between the 13 elements were calculated to examine tendencies
of certain element abundances to be mirrored by other alements.
Significant positive and negative correlations are highlighted in the
correlation coefficent matrix (Fig. 96a). The significances of the
matrix values were based on a student's t-test with 11 degrees of freedom
at a confidence level of 99 per cent. Positive corvelations indicate
that as one variable increases or decreases the corresponding element
does the same. A negative value means as one element increases or
decreases in abundance the corresponding element does the reverse. A
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dendogram of the matrix was used to graphically illustrate the
correlations between elements (Fig. 96b). The strong correlation
between Ca and Mg suggests that these elements are related to a common
source which would be the secondary carbonates: dolomite, calcite, and
magnesite. Mg and Ca have strong negative correlation coefficents with
8i and Al, the two most abundant elements. This relationship and the
identification of carbonates in many of the samples, by microscopic and
XRD methods, suggest that the carbonates were diagenetic. Tigure 97 is a
ternary plot of S$i05/Al,043/Cal0 abundances. The mean Si0p to

Al,;03 ratio is about 1.66:1; the Ca0 content appears to be completely
independent of their concentrations because various concentrations of CaD
do neot affect the S5i05:Al;03 ratio. Two groups are suggested on

the diagram: one contains those samples which were affected by the
introduction of carbonate, the other group containing samples which were
unaffected by the secondary introduction of carbonate. Samples which
showed an increase in carbonate content were found in both the Moosebar
and Gething Formations. A plot of Ti0, versus Zr was used to determine
the likely original composition of the ash prior to alteration. The plot
follows a procedure similar to Spears and Duff (1984) (Fig. 98). The
values were normalized to 15 per cent Al,03. The original ash
compositions suggested by this plot were in the andesite to rhyolite
range (Winchester and Floyd, 1977). Using these derived original
compositions the mean 8i05:Al,03 ratios for andesite and rhyolite

are about 4.5:1; average of samples of Mount St. Helens ash had a ratio
of 3.5:1. Thus the average tonstein ratio of 1.66:1 indicates that the
major chemical affect of alteration was a net loss of silica from the ash
bands. The downward migration of silica from bentonites i3 not uncommon
(Grim and Guven, 1978). The strong correlation coefficent between Kq0
and Rb is believed to reflect the substitutability of these two elements
due to their similar ionic charges and radii.

Correlation of these tonstein samples on the basis of chemistry was
attempted by a form of cluster analysis based on similarity coefficients.
The similarity coefficient employed had been used successfully to
chemically correlate recent volcanic ash horizons (Sarna-Woijcicki, et
al., 1984). The coefficient was obtained by calculating the average

of the ratios of corresponding elements from the two samples being
compared. The denominator was always larger than the numerator in the
ratios because the maximum ratio obtainable was 1.0. Eleven elements
were used in the calculation, P;0g5 and Rb were excluded because a
significant number of samples were not analysed or were below detection
limit for these elements. Element abundances were normalized to 100 per
cent in an effort to remove the effect of variable amounts of included
organic material which had no expression in the chemical results.
Element abundances reported as less than the detection limit arbitrarily
were given the value of one half the detection limit. A symmetrical &0
by 60 matrix of similarity coefficents was produced; the two extra
samples were laboratory duplicates included to show the sensitivity of
the procedure. Information contained in the similarity matrix has been
summarized in the form of a dendogram produced using the wz2ighted pair-
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5i0, Ca0

Flgure 97, Ternary ptot of S102/A1203/Ca0 for all 58 samples. Note the consistent 5102/A103
ratio about 1.,66:1 which does not vary as the percentage of CaO changes,

15
.
@
[
z
5
[
%
1.0 4
ANDESITE
* ————
&
=
RHYQDACITE
-
| . Y AND DACITE
0.5 ® s
': il .® .
. .. * ug
o
Do:. e o o* N
e B, 0o, "
-
. . *
RHYOQLITE
. ¥
0 v pp— v
0 200 400 600 800

Zr ppm
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group average clustering technigue (Fig. 90). The geclogical
relationships of gamples with high similarity coefficients were
investigated. The similarity coefficent calculations did not take into
account the relative proportions of various elements in each sample;
therefore a difference of 25 per cent to 50 per cent 5i0Og5 would have

the same affect on the similarity coefficient as a 0.02 per cent to 0.04
per cent CaO difference. Thus when interpreting the similarity
coefficients care must be used, absolute values are not as important as
the relative values for each sample. An example of this problem is
demonstrated by the relatively low similarity coefficent between R82-23
and the duplicate of this sample, DUP-23. This difference between
identical samples was due to the Ca0 and Waj0 values (Table 1). The
difference between the WNajs0 values is well within one standard
deviation of the analysis technigue and the Ca® values are approximately
one standard deviation apart. More sophisticated correlation techniques
will be performed on this data but even within the limitations of the
present method individual horizons could be chemically correlated.

Two boreholes, approximately 2 kilometres apart, drilled through the
lower Moosebar Formation intersected similarily positioned bentonite
horizongs (Fig. 100). 1In this example three pairs of bentonites were
strongly correlated; they had the highest mutual similarities which
formed primary linkages on the dendogram. Samples R82-32 and R82-40 had
a high similarity coefficent, 0.76; there was no horizon corresponding
with R82-40 located in hole 1 which led to the geological interpretation
that RB2-39 and R82-40 were from the same band which had been
structurally repeated in hole 2. It was encouraging that the chemical
correlation connected horizons that were geologically acceptable and
explained the lack of a corresponding layer to match the R&2-40 layer.

Correlation of tonsteins by the method of similarity coefficent matrix
examination provided the solution to a confusing series of Gething
Formation coal intersections and tonsteins in a borehole (Fig. 101).
Similar responses outlining coal seams on the Detailed Sidewall Density
trace and chemical correlations of the tonsteins demonstrated which
sections were repeats and suggested the locations of the intervening
faults. Coal seams A, B, and C are believed to represent an undisturbed
section and include four tonsteins. These four tonsteins are believed to
be the Fisher Creek Tonstein zone (Fig. 95). Coal intervals A and F are
interpreted toc be fault duplicates on the basis of the sean density trace
and the strong correlations between samples R82-10 and R82-14, and R32-13
and R82-17. 1Intervals B and C are correlated with intervals D and E on
the basis of the density traces and a good correlation between RB2-15 and
R82~15. Two faults are regquired to arrive at this configquration of seams
and their approximate positions are given on Figure 101. An example of
seam correlation between different exposures on the basis of tonsteins is
also given on Figure 101. Samples R82~-28 and R82-29 correlate with the
lower two tonsteins in the undisturbed portion of the borehole section.
The uppermost tonstein in the trench, RB2-25, correlates with R82-5 and
R82-6, the uppermost tonsteins in the two duplicated upper portions of
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the coal sequence in the borehole section. Samples R82-26 and RB2-27
appear to be one repeated band. The apparent thickness difference
between these two sections is due to the bedding-to-core angle in the
borehole. This is an excellent illustration that near surface weathering
encountered in the trench did not significantly effect the trench
samples. The second strongest similarity coefficient (Fig. 99), between
samples R83-11 and RB3-27, represented correlations between suspected
Fisher Creek Tonsteing located approximately 15 kilometres apart.
Chemical correlation appears very promising, even using the simplest of
statistical techniques. Many of the correlations suggested on the
gimilarity coefficent dendogram are geoclogically acceptabls but have not
yet been explored in detail.

MINERALOGICAL

Mineralogical correlation was attempted on the basis of X-Ray
diffractograms. Visual examination of the diffractograms of samples
which were correlated geologically and chemically showed strong
gimilarities (Fig. 102). In this example two tonsteins lccated within 2
metres of each other stratigraphically are fault repeated in a borehole
(Fig. 101). Diffractograms from the four samples show different
mineralogy between the two bands but similar mineralogy between
corresponding tonsteins across the fault; strong chemical similarities
algo exist between these two pairs of samples. It ig important to note
that even with obviously different mineralogy, similarity coefficients
are relatively high between the two bands {R82-16 to R82-14 = 0,748). A
combination of chemical and mineralogical correlation may prove to be the
most effective approach. This type of correlation is in its initial
stages, an automated technique is now under development and should
provide relatively fast and cost effective measures of similarity
analysis.

CONCLUSION

Work on the Tonstein-Bentonite gtudy during 1984 has: (1) extended the
correlation distance of several of the previously described altered ash
horizons; (2) initiated age dating of these horizons:; (3) shown the
ability of chemistry and mineralogy to distinguish specific tonstein-
bentonite horizons over limited areas. Future work on this project will
be directed to extending correlationg of the ash bands, investigating
more sophisticated chemical and mineralogical correlation technigues, and
documenting stratigraphic relationships relative to these time lines.
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British Columbia Geological Survey
Geological Fieldwork 1984

SECTION -~ A MICRO-COMPUTER PROGRAM
(93, 94)

Cross—-sectional displays of geologic data are one of the mainstays of
geological interpretaion, second only to map {(plan) displays.
Unfortunately, time intensive and error prone manual technigues required
to produce all but the simplest form of cross-sections, horizontal
projections onto a vertical section, have limited the usefulness of this
display form. Horizontal projections are valid when the fold-axes are
horizontal, but invalid if the structures have any plunge. ©Profiles are
sections oriented normal to the projection direction; they offer one of
the best ways of displaying geologic data to aid interpretation; they
display true thickness versus apparent thickness.

1 REM® 393 3 3 3633 03606 36 303 2 34330 SECTION #9696 3005030030000 3 303 3696 30 3 363 36 336 3

2 REM#**x W.E.EILEBY * XX
= REM*************************************************************
1@ PRINT® *#XSECTION®#»Y

20 FI=32.18159: DR=(2#F1) /566 RD=360/ (Z*F1)

% INFUT"PROJECTIGN DIRECTION, TREND AND PLUNGE": TR,FL

49 INPUTSECTION VIEWING DIRECTION, TREND AND FLUNGE™:VT,VF
S# INFUT"SECTION ORIGIN, X,Y,2":iS5X,SY.S8Z

o T1=TRITZ=PL: T3=VT: T4=VF

7 TR=TR#*DR:IFL=FL*DR:VT=VT*DR:VFP=VE*DR:NI=PI/2

86 L1=SIN{VYT+NI) :M1=COS (VT+NI):1Nl=@

93 LZ=SIN(VT)*C0S (VF-NI) : MZ=COS5 (VT) *COS (VP—NI) :N2=—SIN(VP-NI)
198 L3=5IN(VT) #C0S (V) : M3=C0S (VT) #COS (VF) I NI=—SIN (VF)

118 TR=TR-VT:FL=FL-YF

119 REM INFUT DATA

12¢ FOR I=1 TO 1@09

13¢ INFUT"ENTER DATAS X,Y.Z.DIF-DIR..DIP";X.Y.Z.DD,DI

146 IF X=% AND Y=% AND Z=% AND DD=9 AND DI=% THEN END

15@ IF DI:9@ THEN DI=18¢-DI:DD=DD+186

168 X=X-SX:Y=Y-SY:Z=Z-57:DD=DD*DR: DI=DI*DRK

1649 REM CALCULATE SECTION CODORDINATES

176 X1=L1%X+MI%Y+N1*Z:Y1=L2%X+M2*Y+N2*#Z: Z1=L 3% X+MI*Y+NI*7
184 1F TR=@G AND FPL=@ THEN 2@

19% X1=X1-TAM(TR)#Z1:22=1/COS(TRI*#Z1:Y1=Y1+SIN(FL.)*2Z

199 REM CALCULATE FITCH

2@ IF DD<$ AND DI<# THEN PT=999:60T0 246

216 DD=DD+FI:DI=NI-DI:L=SIN(DD)*COS(DI):M=COS(DD)*COS(D1):N=—SIN(DI)
TO0 LL=L %l 1+M*M1+N*N1:MM=L*LZ+M*M2+N%NZ: PT=ATN (LL /7MM) KD
234 1IF PT<@ THEN FT=18B@+FT

239 REM OUTFUT DATA

248 PRINT X1.Y1,21,FT

D@ NEXT I

zaet END
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SE CT I ON H H r QUTPUT DATA
X Y F4 Pitch
- 6.5 1.7 —1.4 999
18 Looking 328/-25 s W e e
23.7 -5.5 4.5 999
259 38 =31 999
275 15.6 —-128 999
116 36 —29 999
20,6 0.4 -03 999
23.7 3.2 ~26 999
26.6 18.1 —14.7 999
18 o0 20 1.0
214 ~76 6.2 180
23.0 4.1 =33 147.8
- 2186 8.4 —6.8 114.9
SECTION A-A7
tQCKING 320/-25
-1 v
L] L) '
R o 18 20 32 A
SECTION R - B’
e Looking 0/0
OUTPUT DATA
X Y 2 PITCH
8.5 -1.7 3 999
227 -7.7 14 999
309 —105 19 999
33.7 -27 14 999
359 -39 7 909
15.2 -28 8 999
-10 269 72 13 g
- 309 -7.2 13 999
333 2.2 4 089
102 —28 =3 247
279 105 19 165
301 —B.6 12 167.0
36.1 —B.6 12 123.3
-20
¥ T T '
A 12 20 38 B

Figure 104, Cross-section plots of data projected onto two different planes of section.
(a) profile A-A', constructed normal to the projection direction (fold~axls),
(b} vertical east-west section A-B', Note distortion of structure in (b)
due to obllque angle between structure orientation and section orlentation.
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The program described here, SECTION (Table 1), calculates the position of
a data point on a section of any orientation, after being projected
parallel to any desired orientation; and calculates the apparent dip of
any orientation data on the plane of the section. The program is written
in BASIC with no machine specific features so it can be entered and run
on virtually any micro-computer. The user specifies map location and
elevation of the map or drill hole data, the orientation and position of
the section, and the projection direction. The program returns the
resultant section coordinates and the apparent dip of any planar features
(Fig. 104 a and b).

SECTION POSITION - It is necessary to position the section relative to
the data being investigated. The X, Y, Z (easting, northing, elevation)
coordinates specified for the section posgsition become the origin position
on the cross-section plot. The specified X and Y map position becomes
the zero horizontal position and the 2 map coordinate value becomes the
zero vertical position on the section plot.

SECTION ORIENTATION - An infinite variety of section orientations can be
constructed through any given position. The section orientation is
specified by giving the trend and plunge of the direction in which the
user wishes to look at the data. For example, a viewing direction of 0/0
{north and horizontal} would result in a vertical section oriented
east-west. The viewing direction is perpendicular to the plane of
section.

PROJECTION DIRECTION - All data is projected parallel to the given
orientation onto the plane of section. A variety of graphical and
statistical techniques have been described to aid in the determination of
the best-fit fold-axis orientation (Charlesworth, et al., 1976}.

INPUT DATA - Positional data is entered as X, Y, Z map coordinates (Fig.
103), These coordinates can be in any map units measured aon any grid but
the grid must be orthogonal and have the same scale in all directions.
Planar orientation data is entered in the form of dip~direction and dip;
dip-direction 1s the clockwise angle measured from grid north. Dip is
the vertical downward angle from horizontal to the surface of the
structure measured parallel to the dip-direction orientaticn; dip angles
greater than 90 degrees denote overturned bedding. Linear feature
orientations should be entered as trend and plunge measurements. Enter a
negative {-) value for the dip-direction and dip if no orientation is
available for an entry, a pitch value of 999 will be returred to indicate
no orientation data was available,

OUTPUT DATA - The position of data on the plane of section is returned as
X, ¥, 2 coordinates, that is the horizontal and vertical distances from
the origin in the section, and the normal distance of the point from the
plane of section. The apparent dip of orientation data on the section is
reported as a clockwise pitch angle.
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To illustrate the use of SECTION a hypothetical set of data is employed.
Figure 103 contains the raw data and a map representation of thig data.
In this example the data is projected parallel to the hypothetical fold-
axis, 140/25% (trend/plunge). Two cross—-sections are constructed; the
first, A-A' is a profile, which is oriented normal to the fold-axis (Fig.
104a), the second A-B' is oriented vertical and east-west (Fig. 104b).
The results in graphic and numeric form for these two section
orientations are given on the figure; this data can be used to check the
accuracy of program entry. Flgure 105 is a representation of the screen
display during program execution.

*# % %SECTIONE*®

PROJECTION DIRECTION, TREND AND FPLUNGE? 148,25
SECTION VIEWING DIRECTION, TREND AND FLUNGE? 3I24,-25
SECTION ORIGIN, X,Y.Z7? (@,@.@

INFUT DATA X,Y.Z.DIP-DIR.,DIF? &,3,8,-1,-1
&H.D 1.7 -1.4 P99

INFUT DATA X,Y,Z.DIF-DIR.,DIF? 6,5,8,115,27
7.8 @.d @.p  11.@

DATA X,Y,Z,DIF-DIR.,DIF?

Ftgure 105, Example of screen display during program executlon, User Input Is underltned,

The program as given is ghort, about 1 000 bytes without the REM

statements, but extremely powerful. Modifications to the program to
allow file handling and plotter output turn this program into a very
sophisticated geological tool. The author has used this program in
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conjunction with larger programs which produce such varied products as
isometric net diagrams of grid surfaces {(see Grieve and Kilby, this
volume), borehole deviation diagrams from dip-metre surveys, rotation of
map data from one grid system to another, and varied forms of cross-
section displays.
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Figure 106, Sustut coal licences, property locatijon map,
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British Columbia Geological Survey
Geological Fieldwork 1984

THE SUSTUT COAL MEASURES
(94b)

By T. G. Schroeter and G. V., White

INTRODUCTION

Recent interest and successful exploration programs in the Telkwa and
Klappan coal measures in northwestern British Columbia have akttracted
other companies to explore for coal elsewhere in the region. The Sustut
coal measures represent one such area, which Suncor Inc. Resources Group
have explored by diamond drilling during the 1983 (seven holes totalling
1 464.2 metres) and 1984 (10 holes totalling 1 027.8 metres} seasons.

The present investigation, which consisted of three field days and six
office days, was carried out to examine the property geology, structural
development, depositional environment, age, areal extent, nature of the
coal seams, and possible economic significance.

Suncor holds 23 coal licences on & 624 hectares of land located
approximately 170 kilometres north-northeast of Smithers and 10
kilometres northeast of Bear Lake; it is centred at latitutde 56 degrees
20 minutes north and longitude 127 degrees 30 minutes west (Fig. 106).
hecess to the property is via fixed wing aircraft to a good gravel
airstrip adjacent to the B.C. Rail line 4 kilometres north of the
northern tip of Bear Lake, then by helicopter to the property, 11
kilometres to the northeast.

The Sustut coal property is underlain primarily by strata of Mesozoic and
Paleocene age. Coal-bearing strata occur within both the Jura-Cretaceous
Upper Bowser Lake Group and the Paleocene Tango Creek Formation.

PROPERTY GEOLOGY

The geology of the Sustut coal licence area is complex. Pronounced
folding and faulting in a southeast-northwest direction, with numerous
minor faults orientated in a east-west direction, has greatly affected
the stratigraphy making correlation difficult. As well, thick
overburden, particularly in the valleys, has presented problems for both
drilling and mapping programs within the licence area.

The most important coal-bearing sedimentary unit found on the property
consists of marine and non-marine sedimentary rocks with lesser volecanic
rocks of the Bowser Lake Group. Tipper and Richards (1976) divided the
Bowser Lake Group into the coal-bearing Upper Bowser Lake Formation and
the lower, non-coal-~bearing Ashman Formation.
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Based on diamond-drill core and geophysical log examination, Upper Bowser
Take rocks within the licence area consist of sandstones, siltstones,
mudstones, shales, and cecals. The sandstones are fine to coarse grained,
light to medium grey in colour, exhibit crossbedding in places, and
generally are well sorted. The siltstones are light brown in colour and
appear to be part of a fining upward sequence. They do not form thick
units (for example, 2 to 3 metres) and are bioturbated. The carbonacesous
mudstones and shales are dark grey to black in colour and closely
associated with the coal horizons; they represent periods of low energy
with low levels of input of fine sediments.

Coals in the Upper Bowser Lake Formation within the licence area are of
high to medium volatile bituminous rank. Company tests also suggest that
coals of sub~bituminous and low volatile bituminous rank occur.

Major outcrops of coal are situated in an area that company personnel
call the 'Coal Bowl' (Fig. 107). At this location, considerable
trenching has revealed seams up to 9 metres in thickness; however, they
are steeply dipping {up to 90 degrees) and seam correlation is
difficult.

From examination of drill core and geophysical logs it appears that a
general coarsening upward sequence characterizes the Upper Bowser Lake
Group (Fig. 108). The sediments were probably deposited in a deltaic
environment and the coal seams could have substantial lateral extent.
However, intense faulting and folding within the licence area has greatly
interrupted the continuity of the sequence.

The non-coal-bearing Ashman Formation of the Bowser Lake Group lies
conformably below the coal-bearing Upper Bowser Lake Formation. This
formation crops out within the licence area and is not easily
distinguished from the Upper Bowser Lake Formation. Company geologists
have separated the Upper Bowser Lake from the Ashman Formation by the
presence of concretions in the Ashman. These concretions are light brown
to rusty brown in colour and range in size from 1 to 20 centimetres. WNo
concretions have been recognized within Upper Bowser Lake sedimentary
rocks.

A second coal-bearing stratigraphic unit occurs in the Sustut Group,
which lies unconformably over the Bowser Lake Group and crops out within
the licence area. Eisbacher (1974) divided this group into the Upper
Brothers Peak Formation and the coal-bearing Tango Creek Formation.

These sediments were recognized by company geologists, but because of
limited time and transportation, were not examined by the writers.

Suncor geologists report that coal is present in the upper portion of the
Tango Creek Formation but that correlation is made difficult and seam
continuity is disrupted by extensive folding and faulting.
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CONCLUSIONS

The intense folding and faulting and thick overburden in wvalley bottoms
inhibits coal exploration within the Sustut coal licence area.
Nonetheless, substantial Middle to Late Jurassic coal seams with low to
high volatile bituminous ranks have been identified. Further mapping and
drilling are needed to assess the nature and extent of the Sustut ceal
measures.

ACKNOWLEDGMENTS

The writers would like to thank Suncor Resources Incorporated of Calgary,
in particular, project geologist John Fisher and staff, for their
generous support and willing cooperation.

REFERENCES

Bisbacher, G. H. {1974): Sedimentary History and Tectonic Evolution of
the Sustut and Sifton Basing, North-central British Columbia,
Geol. Surv., Canada, Paper 73-31,

Richards, T. {(1975): McConnell Creek Map-area, Geol. Surv., Canada,
Open File 342.

Tipper, H. W. and Richards, T. A. (1976): Jurassic Stratigraphy and
History of North-central British Columbia, Geol. Surv., Canada,
Bull. 270.

290



British Columbia Geological Survey
Geological Fieldwork 1984

TOODOGGONE RIVER AREA
{94E)

By T. G. Schroeter

INTRODUCTION

The Toodoggone River area, which lies approximately 300 kilometres north
of Smithers, hosts several significant precious metal depcosgsits. Access
into the area continued to be aircraft only, mainly from Smithers.

The writer spent a total of six days visiting key properties with the aim
of examining the mineral deposit settings, mineralogy, and alteration
patterns to extend earlier investigations in areas where diamond drilling
was in progress. The data will bhe incorporated into a preliminary map of
the Toodoggone area at a scale of 1:50 000 as part of a joint project
with Andre Panteleyev and Larry Diakow, and should be available in
January 1985,

For more detailed descriptions of the area the reader is referred to
articles in previous publications of Geological Fieldwork.

WORK DONE

Work carried out by companies in the Toodoggone River area in 1984
included the following:

(1) SEREM INC.
Lawyers (Fig. 109, No. 37; Mineral Inventory 94E-66, 67,
74): 7 010.4 metres (23,000 feet) of diamond drilling in
45 holes.

An extensive development program by SEREM Inc. consisting of surface
diamond drilling on the Amethyst Gold Breccia Zone (AGB, Mineral
Inventory 94E-66), Cliff Creek Breccla Zone (Mineral Inventory 94E-67),
Duke's Ridge Zone {(Mineral Inventory 94E-74), and underground diamond
drilling on the Amethyst Gold Breccia Zone during the summer of 1984,
nearly doubled geological reserves on the Lawyers property;
conservatively, reserves now exceed 1 million tons, grading approximately
7.27 grams per tonne {0.211 ounce per ton} gold and 254.2 grams per :tonne
{7.11 ounces per ton) silver. Company officials estimate that, to date,
20 per cent of known surface structures on the Lawyers property have been
tested.

On the AGB Zone, with previously published reserves of 639 813 tonnes
grading 7.27 grams per tonne gold and 254.2 grams per tonne silver, 13
underground holes were drilled on the West Zone confirming its existence
in the hangingwall stratigraphy.
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The strike length of the Cliff Creek Breccia Zone is estimated to exceed
1.5 kilometres. Drilling including 12 holes in 1984, has tested about
200 metres of strike length near the northern end of the zone, where it
is cut by a major northwesterly trending fault. In contrast to thin
alteration haloes observed on veins in the AGB Zone, the Cliff Creek Zone
has a significant clay alteration envelope arocund the ore zone;
alteration extends for approximately 35 metres on each side of it.

The Duke's Ridge Zone has been traced by trenching, mapping, and limited
diamond drilling along a total strike length of 1.2 kilometres. During
1984, 13 drill holes tested about 300 metres of strike length; the
average width is 5 metres.

Trenching on the Marmot Lake occurrence, located 3 kilometres south along
the structure which runs through the Cliff Creek Breccia Zone, confirmed
the existence of significant mineralization; the occurrence was
discovered in 1971 by Kennco.

The significant geologic difference between the Cliff Creek and Duke's
Ridge Zones, and the AGB Zone is the host rock. The first two are hosted
by megacrystic crystal tuffs and flows which are higher up in the
stratigraphic section than the main host rocks at the AGBEB Zone which are
quartzose andesitic and trachytic crystal tuffs. The basic ore
mineralogy is the same for all three zones; fine-grained acanthite,
electrum, native silver, and native gold in a predominantly quartz
{*amethyst) gangue with minor amounts of carbonate.

A comprehensive feasibility study is scheduled to be carried out over the
winter; a production decision may follow shortly thereafter.

(2) KIDD CREEK MINES LTD.
{a) JD (PIT) (Fig. 109, No. 50; Mineral Inventory 94E-31,
32, and 65); 330 metres of surface drilling was
completed in seven holes on the Gasp and Gumbo Zones.
Five backhoe trenches were completed on the Woof Zone
for a total of 130 metres.

Mineralization in the Gasp Zone consists of native gold, native silver,
galena, sphalerite, chalcopyrite, and pyrite in steeply dipping quartz
*calcite veins that occur in andesitic flow rocks. The zone is
associated with a silicified and clay-altered low-angle fault zone.
Quartz-calcite veins, which range from less than 1 to 200 millimetres
thick, occur in propylitic andesite in the footwall McClair Creek
Formation (informal name). These veins occur in a northwest-trending
zone which has been traced along a 150-metre strike length and across
a width of approximately 20 metres.

The Gumbo Zone, which has been traced for 400 metres along strike, is

associated with the shallow-dipping (thrust) fault which marks the
contact between the (hangingwall) Tuff Peak Formation and the (footwall)

294



McClair Creek Formation (informal names). Zones of clay-guartz
alteration (yellow clay) are intermixed with zones of intense
silicification in andesite. Sulphides include disseminated pyrite (up to
10 per cent) and trace amounts of galena, sphalerite, and acanthite.
Erratic gold and silver mineralization is associated with zones of
intense silicification and occurs in propylitic footwall rocks cut by
quartz-carbonate veinlets.

{b) AL (RIDGE, BONBNZA)} (Fig. 109, No. 48; Mineral Inventory
94E-78, 79, 85}; 1 211 metres of surface drilling was
completed in 19 holes on Verrenass, Thesis ITI, Thesis
III, and BV Zones. Approximately 40 backhoe trenches,
totalling 2 012 lineal metres, were excavated; the
majority are in the Thesis III and BV Zones.

Most mineralized zones {more than six in number) on the AL property
consist either of gtructurally controlled, barite-geld mineralized
alteration zones (for example, Verrenass, Thesis II, BV) or of silica-
hematite~gold mineralized alteration zones (for example, Ridge, Thesis
II, Golden Furlong {(Fig. 109, No. 55; Mineral Inventory 94E-80). Host
rocks consist of subhorizontal, dominately subaerial Jurassic andesitic
to dacitic, or latitic ash flows, air-fall tuffs, and flows. Hydrothermal
alteration is widespread and the volcanic rocks have undergone various
degrees of diagenetic hematization. Zones of propylitic and argillic
alteration also contain zeolites#tchlorite*sericite and various clays
(mainly dickite). %Zones of silicification consist of quartztalunite:?
dickitetbaritetpyrite. 8Silica occurs in massive to banded to brecciated
zones, and locally as veins.

The gold-silver mineralization is primarily associated with replacements

of quartz-barite and quartz-hematite. It also occurs in drusy barite-
quartz veins.

In the Verrenass Zone, argillic fiammé and plagioclase crystals in the
silicified matrix of the host dacitic ash flow were leached prior to or
during the influx of barite and gold-bearing solutions. Alteration
minerals include guartz, sericite, hematite, dickite, montmorillonite,
and barite. Sulphides include pyrite, native gold, and miror amounts of

late-stage tennantite and secondary covellite. Gold-silver mineralization
is erratic.

In the Thesis and BV Zones, native gold with replacement barite occurs in
silicified zones that are flanked by zones of argillic alteration,
similar to that at the Verrenass Zone. Gold-silver mineralization is
erratic. Locally, brecciation is intense. The zones of Au-Ag

mineralization and alteration apparently represent deposition in a high
level epithermal system.

(3) NEWMONT EXPLORATION OF CANADA LTD.
{a) Shas (Fig. 109, No. 22; Mineral Inventory 94E-50); 2 002.2
metres of diamond drilling was carried out in 19 holes;
holes range from 33 to 197 metres in length.
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A large (400 by 500 metre) zone of silicification in Toodoggone crystal
tuffs hosts the mineralizaticn, which consists of native silver,
acanthite, electrum, tetrahedrite, pyrite, chalcopyrite, galena, and
sphalerite. Three potential mineralized zones (Creek, Main, and Upper)
have been located along a northerly trend for more than 500 metres.
Prilling during 1984 was concentrated on the Creek Zone. The mineralized
zones occur near a fault contact between (hangingwall) grey crystal to
lithic tuff and (footwall) orange quartz-eye feldspar tuff. The
'stockwork'! mineralization forms a network of gquartzicalcite veinlets in
a quartz-eye tuff unit. Better grades are associated with chalcedonic
breccia zones; appreciable lengths of low grade mineralization are
associated with quartz vein stockworks.

(b) Golden Lion (Fig. 109, No. 67; Mineral Inventory 94E=77);
2 475 metres of diamond drilling was completed in 22
holes; holes range from 45 to 242 metres in length.

Three zones of mineralization (Zones 1, 2, and 3) were tested along a
northwesterly trending strike length for a distance of 1 525 metres.
Acanthite, chalcopyrite, galena, and sphalerite occur in a structurally
complex quartz*barite vein system in host silicified Toodoggone dacitic
tuffs. The zones are in close proximity to a major fault contact with
Takla Group andesites. Assays up to 22 100 ppm (650 ounces per ton)
silver have heen recorded. Gold values are consistently low.

In Zone 3, a subvolcanic (crowded porphyry) intrusion cuts the sequence.
The geological setting and mineralogy are similar to that of the Porphyry
Pearl prospect, which is located near the junction of McClair and
Mecosehorn Creeks a few kilometres to the south. There, galena-sphalerite
tprecious metals occur in a guartz veinlet stockwork. Potassic alteration
exists both within the host rock matrix and in vein selvages; the host
rock lacks guartz.

(4) ST. JOE CANADA INC.
Silver Pond (Fig. 109, No. 41; Mineral Inventory 94E-69);
940 metres of lineal trenching was done.

The property adjoins SEREM's Lawyers property on the west. The Cloud
Creek Zone (Mineral Inventory 94E-75) and the possible southwesterly
extension of SEREM's Cliff Creek Breccia Zone were the main areas of
interest. Host rocks include coarse pyroclastic rocks and flows of the
Toodoggone volcanics.

(%) PACIFIC RIDGE RESOURCES CORP.
Ron Claims (Fig. 109, No. 64); a small diamond-drill
program was conducted to test a large (700 by 600 metres)
sulphide system. Large faults have been located and may
host significant precious metal zones. Barite float has
been found.
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(6) ARK ENERGY LTD.
Ark Claims (Fig. 109, No. 11); soil sampling indicated a
precious metal a