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NOTICE TO LIBRARIANS AND INDEXERS

The Geological Survey’s Current Research series contains many reports comparable in scope and
subject matter to those appearing in scientific journals and other serials. Most contributions to Current
Research include an abstract and bibliographic citation. It is hoped that these will assist you in cataloguing
and indexing these reports and that this will result in a still wider dissemination of the results of the
Geological Survey’s research activities.

AVIS AUX BIBLIOTHECAIRES ET PREPARATEURS D’INDEX

La série Recherches en cours de la Commission géologique contient plusieurs rapports dont la portée
et la nature sont comparables a ceux qui paraissent dans les revues scientifiques et autres périodiques. La
plupart des articles publiés dans Recherches en cours sont accompagnés d’un résumé et d’une
bibliographie, ce qui vous permettra, on I’espére, de cataloguer et d’indexer ces rapports, d’oll une
meilleure diffusion des résultats de recherche de 1a Commission géologique.
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Cover description

View north across Iskut River to Hoodoo Mountain. lIts distinctive domical
shape and relatively flat summit suggest the origin of the Hoodoo Mountain
volcanic centre as a tuya, or subglacial volcano comprising trachyte lava flows
and domes interlayered with pyroclastic rocks and deposits erupted over the past
110 000 years. For more information on the Hoodoo Mountain centre see the
report by Edwards and Russell on pages 67-76. (photo by R.G. Anderson, 1993;
GSC 1993-304).

Description de la photo couverture

Le mont Hoodoo, vu vers le nord de ’autre c6té de la riviére Iskut. La forme
caractéristique en déme et le sommet relativement plat du mont donnent a penser
que le centre volcanique de Hondoo Mountain était & I'origine un tuya, ou volcan
sous-glaciaire, comportant des dOmes et des coulées de laves trachytiques
interstratifiés de roches ct de dépéts pyroclastiques épanchés au cours des
110 000 dernieres années. Pour de plus amples renseignements sur le centre
volcanique de Hoodoo Mountain, voir le rapport par Edwards et Russell aux
pages 67-76 (photo de R.G. Anderson, 1993; GSC 1993-304).
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Preliminary stratigraphy from Lansing map area,
Yukon Territory’

C. Roots and D. Brent?
Cordilleran Division, Vancouver

Roots, C.and Brent, D., 1994: Preliminary stratigraphy from Lansing map area, Yukon Territory;
in Current Research 1994-A; Geological Survey of Canada, p. 1-9.

Abstract: Lansing map area (105N) in Selwyn Basin of central Yukon Territory is separated into two
structural domains by a southeasterly trending fault that appears to be the continuation of the Robert Service
and Tombstone thrusts. The fault is bound to the southwest by isoclinally folded southwest-plunging,
Proterozoic to Cambrian Hyland Group metasandstone and argillite. It is bound to the northeast for 40 km
by Hyland Group, Ordovician to Devonian Road River Group and Devono-Mississippian Earn Group strata.
In the northern and eastern parts of the map area, Hyland Group and lower Paleozoic off-shelf rocks are
cxposed in anticlines and thrust panels and are bounded by Road River Group rocks. Structures in southwest
Lansing map area are similar to those in adjacent Mayo map arca, while the strata in the northeast are
continuous with units of adjacent Niddery Lake map area.

Résumé : La région cartographique de Lansing (105N), dans le bassin de Selwyn du centre du Yukon,
est divisée en deux domaines structuraux par une faille de direction sud-est qui semble étre le prolongement
des failles de chevauchement de Robert Service et de Tombstone. La faille marque la limite nord-est de
métagres et d’argilite du Groupe de Hyland (Protérozoique a Cambrien), déformés par des plis isoclinaux
plongeant vers le sud-ouest. Sur une distance de 40 km, elle constitue la limite sud-ouest de couches du
Groupe de Hyland, du Groupe de Road River (Ordovicien-Dévonien) et du Groupe d’Earn (Dévonien-
Mississippien). Dans les parties nord et est de la région cartographique, les roches du Groupe de Hyland,
ainsi que des roches du Paléozoique inférieur qui représentent des milieux situés au large de la plate-forme
continentale, affleurent dans des anticlinaux et des panneaux de charriage et sont encadrées par des roches
du Groupe de Road River. Les éléments structuraux de la partie sud-ouest de la région cartographique de
Lansing sont similaires & ceux de la région cartographique adjacente de Mayo, alors que les strates de la
partie nord-est se situent dans la continuité des unités de la région cartographique adjacente du lac Niddery.

! Contribution to Canada-Yukon Mineral Resource Development Cooperation Agreement (1991-1996), a subsidiary
agreement under the Canada-Yukon Economic Development Agreement.
Canada-Yukon Mineral Development Agreement Geoscience Office, 2099-2nd Avenue, Whitehorse, Yukon
Territory YIA 1BS
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INTRODUCTION

In recent years, ongoing regional mapping by the Geological
Survey of Canada has resulted in new geological maps for
areas adjacent to Lansing map area on the south (Tay River,
105%; Gordey and Irwin, 1987), west (Mayo, 105M; Roots
and Murphy, 1992b), and east (Niddery Lake, 1050; Cecile
and Abbott, 1992) sides (Fig. 1). In addition, the recent
release of the Nahanni memoir (Gordey and Anderson, 1993)
with formal descriptions of the Hyland Group (Prccambrian
to Lower Cambrian) and new Paleozoic units allows the
stratigraphy of the northwestern Selwyn Basin to be defined
with a new level of certainty. These advances in regional
geology and stratigraphy provide the opportunity to improve
Blusson’s (1974) map of the Lansing arca.

In 1993 a 3-year project toward a new 1:250 000 scale
geological map for Lansing (105N) was 1nitiated in partner-
ship with the Canada-Yukon Geoscience Office (Government
of Yukon) under the Economic Development Agreement
(1991-1996). The first season consisted of 1:50 000 scale
mapping of well-exposed areas. This note outlines the
Selwyn Basin strata and large structures in Lansing map areca.

REGIONAL SETTING

Lansing map area lies near the northern edge of the Sclwyn
Basin, which flanks the Mackenzic Platform rocks that are
exposed in the Ogilvie and Wernecke mountains. Within the
Selwyn Basin are late Proterozoic to Triassic oft-shelf strata
that were imbricated and thrust northward during the
Mesozoic. The resulting Selwyn Fold Belt includes three
regional thrust panels that overlie the Dawson, Tombstone,
and Robert Service thrusts respectively.

The Robert Service Thrust extends castward from north
of Dawson for 200 km to northeastern Mayo map area
(Gordey, 1990) and continues southeast across Lansing map
area (Fig. 2). The Robert Service Thrust panel (RSTP) which
was defined in Mayo map area (Roots and Murphy, 1992a)
underlies the southwest third of Lansing map area. It comprises
isoclinally folded Hyland Group overlain by open-folded Road
River Group strata.

The northeastern two-thirds of Lansing map arca is under-
lain by Hyland Group and a lower Palcozoic succession that
probably extends southwest to correlate with strata in Niddery
Creek map area. These strata, less deformed than those in the
Robert Service Thrust panel, have also been transported
northward, but this area is not a far-transported panel like the
Robert Service Thrust panel. Although the Dawson Thrust
lies 15 km north of Lansing map area, it does not extend
further eastward, where shortening is probably accommodated
by internal thickening of the sedimentary units.

The Tombstone Thrust has not been identified east of
Mayo map area. Its identification is in part based upon the
existence of Carboniferous Keno Hill Quartzite above the
thrust. This unit was not recognized during 1993 in Lansing
map arca. It is possible that the Tombstone Thrust either: a)
is not present because its northwest movement (Roots and

Murphy, 1992a) did not result in significant displacement in
this area, or b) has been overthrust by the Robert Service
Thrust.

STRATIGRAPHY

Five broad lithostratigraphic units and Cretaceous granitic
rocks are present in Lansing map area (Fig. 2). From oldest
to youngest the stratigraphic units are: Hyland Group, lower
Paleozoic provisional units 1 and 2 (probable equivalents of
Gull Lake and Rabbitkettle formations respectively), Road
River Group, and Earn Group. We were able to identify only
a few rock types that arc unique to these units (such as maroon
shale in Hyland Group and chert pebble conglomerate of the
Earn Group) and lack the paleontological control and under-
standing of the facies transitions needed to map the distribu-
tion of formations within these groups. The following is
therefore a preliminary Lansing stratigraphy.

Hyland Group

The Hyland Group occurs in both the Robert Service Thrust
panel and the northern and eastern regions (hereafter referred
to as the Tasin Range and Surveys Range respectively) and

* NORTHWEST
: | YERRITORIES
ALASKA | YUKON 3

100 200

Yukon road network
(D Alaska Highway
@ Kiondike Highway
(4) Campbell Highway
(5 Dempster Highway

Dawson (® North Canol Road
Thrust ™. @ Silver Trail
Dawsor .
, ) —64°

Figure I. Lansing map area (box) within Selwyn Basin. The
three major thrusts faults (Dawson, Tombstone, and Robert
Service) are shown. Letters denote map areas, as follows:
1051: Nahanni (Gordey and Anderson, 1993); 105]: Sheldon
Lake, and 105K : Tay River (Gordey and Irwin, 1987),; 105L:
Glenlyon (Campbell, 1967); 105M: Mayo (Roots and
Murphy, 1992b); 105N: Lansing (Blusson, 1974); 1050:
Niddery Lake (Cecile and Abbott, 1992); 106C: Nadaleen
River (Blusson, 1974); 106D: Nash Creek (Green, 1972).
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its base 1s not exposed. Metamorphosed grit and sandstone
predominate in the Robert Service Thrust panel with a few
localities of maroon argillite and limestone lenses. These
rocks are unconformably overlain by, or more commonly
faulted against, younger units. In the Surveys and Tasin
ranges, the Hyland Group consists of medium- and thin-bed-
ded sandstone overlain by a carbonate interval and maroon
argillite. The upper part of the Hyland Group is intercalated
with, and conformably overlain by, mafic volcanic rocks and
shales of Paleozoic units 1 and 2. The Hyland Group is
everywhere structurally thickened by internal folding and
minor thrusts,

In the Robert Service Thrust panel the monotonous meta-
grit succession consists of resistant beds from 5 to 20 m thick,
separated by recessive intervals of green or brown meta-silt-
stone and phyllitic mudstone. South of Swan Lake well-
exposed lenticular and branching grit bodies suggest sedi-
ment gravity flows, as described by Gordey and Anderson
(1993, p. 47).

Anunusual fine grained succession was measured (Fig. 3)
30 km south of Lansing Post. At least 460 m of sandstone
with phyllitic interbeds is overlain by 400 m of siltstone and
argillite with thin sandstone beds. In this upper succession is
a prominent grey-weathering limy siltstone interval 90 m
thick. Chloritic sandstone, the top of which is not preserved,
caps the succession.

Limestone lenses are sparse although widely distributed
in Robert Service Thrust panel. Most are strongly recrystal-
lized and less than 15 m thick. Maroon argillite is likewise
rare and discontinuous, in contrast to the mappable belts
across southern Mayo map area. One tectonically thickened
exposure of maroon argillite underlies Paleozoic unit 2 at the
Pleasant (Cu,W) showing.

In the Tasin and Surveys ranges four units comprise the
Hyland Group: alower sandstone, an upper maroon argillite,
and two thinner units in between them. One of these is
dominantly limestone, the other includes alternating sandstone
and argillite. These four units are described below.

The oldest exposed rocks in northern Lansing map area
are light brown fissile sandstone, medium brown weathering
grit, and interbedded brown and khaki mudstone. In contrast
to the siliciclastic Hyland Group rocks in the Robert Service
Thrust panel, these northern successions contain minor grit-
size sediment, and are commonly thin- or medium-bedded.
Limy quartz arenite is most abundant in beds 5-20 cm thick
with recessive partings (Fig. 4) that have a pink-weathering hue.
Wavy bedding is very common and planar cross-stratification
was observed in two places.

This unit resembles the Yusezyu Formation described by
Gordey and Anderson (1993) and is continuous with map unit
Hq (Cecile and Abbott, 1992) in the adjacent Niddery Lake
map area.

In the northern Surveys Range, beige-weathering lime-
stone overlies the sandstone, but in other areas and the Tasin
Range the limestone is enclosed by maroon argiilite. The
limestone is grey and finely crystalline, in thick beds with
dark mudstone partings, and estimated to be about 50 m thick.

Brown and black siltstone and
argillite with grey sandstone
interbeds

Light grey limy siltstone with
limy phyllite in middle

B!ack siltstone and argillite
with grey sandstone and
quartzite interbeds

100m

Grey siltstone and brown
foliated sandstone, inter-
bedded grit, phyllitic argillite

R Brown sandstone with phyllitic
Tl f’ siltstone, argillite interbeds

Brown meta-sandstone with
lesser grit and silvery
weathering phyllitic siltstone
L—grit

sandstone

siltstone . '
L———— mudstone/argillite/phyllite

Figure 3. Stratigraphic section of Hyland Group strata
(63°29'N, 133°33'W).









shale. Chert is mottled grey and locally altered to dark blue
or green, with nobby bedding planes suggestive of bioturba-
tion. Grey-weathering, parallel laminated black quartzite
beds in association with thick bedded chert are traceable for
12 km toward the Surveys Range.

This unit matches map unit ImOc of Niddery Lake map
area but the Sa division of Road River Group there (Cecile
and Abbott, 1992) has not been recognized in Lansing map
area.

Earn Group

This unit contains black siliceous siltstone, chert pebble con-
glomerate, dark coloured shales with lesser quartzite, and
limestone. The first two rock types are distinctive of the Earn
Group throughout the Selwyn Basin, as is the pronounced
light blue weathering of the carbonaceous siltstone.

The Earn Group rocks probably dominate a 40 km wide
belt across Lansing map arca north of the Robert Service
Thrust. The contact with the underlying Road River rocks is
notdefined. Strata overlying the Earn Group have not yet been
encountered in Lansing map area. In all localities the unit has
been repeated by folds and minor thrusts so that its true
thickness is unknown.

The black siltstone is thin bedded, with black argillite
intercalations. Concretions, which weather out as 2-4 cm
spheres, are abundant in several places, and diagenctic pyrite
cubes are common.

The conglomerate occurs in lenses up to 500 m thick.
These lenticular bodies are thickly bedded or massive and
consist mostly of cobbles of grey chert and dark grey argillite,
framework supported in a sand or silt matrix. In the Surveys
Range some conglomerate is prominently white-weathering
as arcsult of bleaching and crumbling of the silicified matrix.
Similar alteration and intense fracturing were noted in a chert
succession west of the Rogue River, gencrally along strike
and believed correlative with the conglomerate.

Thin bedded black chert is provisionally included in Earn
Group, although fossil confirmation is needed. The chert
forms orange-brown bands up to 100 m thick that locally
exhibit bright yellow and orange oxide streaks. Some chert
beds exhibit internal layering revealed by convoluted bounda-
rics of bleached and unbleached chert. Two barite horizons
have been located.

A succession of brown and black siltstonc also contains
widely spaced chert bands 5-10 m thick, sandstone, medium
bedded grey limestone, and a single massive white quartzite
bed. All these layers can be traced across the southwestern
Surveys Range and may be usetul markers in the central part
of Lansing map area. The Earn Group strata reflect facies
changes not yet understood in Lansing map arca because both
the conglomerate and the chert occur near the base of the unit
in different places. These strata match the lithological
descriptions of many map units described by Cecile and
Abbott (1992) in adjacent Niddery Lake map arca.

C. Roots and D. Brent

Igneous rocks

Five granitic stocks in the Lansing and Russell ranges, and
numerous plugs are part of the west-trending Selwyn Plutonic
Suite (Woodsworth et al., 1991). Only the westernmost stock
in the Russell Range was examined in 1993. It consists of
medium grained, cquigranular and unfoliated biotite granite.

Thrust fault

Blue-grey weathering, black
siltstone, cherty quartzite
Light brown siltstone with
grey sandstone, thin-bedded

White chert and streaky grey
quartzite

Brown weathering, dark grey
sandstone with black chert

Black argillite overlain by
brown shale

Earn Group

= Dark grey mudstone with
== micaceous foliation

Tectonically thickened

Dark brown sandstone, thin-
bedded

Dark grey mudstone, pyritic,
with grey phyllitic siltstone

__Grey cherty guartzite
Black siliceous siltstone

Grey-black quarzite,
__laminated

Brown siltstone with shale
partings, minor chert

LT, 0T,T,1 e,
HHHHHHHHHUN

100 m

Black cherty siltstone

Black chert, thick-bedded

<~ Road River Group(?)

Figure 7. Stratigraphic section of Road River and Earn
Group strata, west of Rogue River (63°42'N, 132°27'W).
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Tectonic framework of the Teslin region,
southern Yukon Territory

S.P. Gordey and R.A. Stevens!
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Gordey, S.P. and Stevens, R.A., 1994: Tectonic framework of the Teslin region, southern Yukon
Territory; in Current Research 1994-A; Geological Survey of Canada, p. 11-18.

Abstract: Results of revision geological mapping in Teslin map area (105C) compel a reinterpretation
of the tectonic framework for southern Yukon Territory. Significant revelations include the discovery of
a thick section of mafic volcanics in North American margin strata, that Kootenay terrane forms a flat sheet
above North American margin strata within which is exposed a window of these same volcanics, and that
the Cache Creek terrane, probably soled on the Nahlin fault, rests as a thrust sheet above Stikine terrane.
Five varieties of post-tectonic plutonic rocks are recognized.

Résumé : Lesrésultats de la cartographie géologique de révision dans la région cartographique de Teslin
(105C), nécessitent une réinterprétation du cadre tectonique du sud du Yukon. D’importantes découvertes
ont ¢té faites : un épais empilement de roches volcaniques mafiques a été identifié dans les strates de la
marge nord-américaine; le terrane de Kootenay forme une nappe plane sur les strates de la marge
nord-américaine et les volcanites mentionnées précédemment y sont observées dans une tenétre; et le terrane
de Cache Creek, probablement limité a sa base par la faille de Nahlin, forme une nappe de charriage sur le
terrane de Stikine. Cing variétés de roches post-tectoniques ont été reconnues.
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carly 1950s (i+lulligan, 1963) cstablished a broad geological
framework, but little other work has been done until recently
(Cordey et al., 1991; Gareau, 1992; Gordey, 1991, 1992;
Harms, 1992; Jackson, 1990; Stevens, 1991, 1992, 1993;
Stevens and Erdmer, 1993; and Stevens et al., in press). The
reader is reterred to Mulligan (1963) and these later works for
stratigraphic and lithological descriptions. This report pre-
sents a synopsts of previous fieldwork supplemented by
current results that focuses on the interpretation of plutonic
and terrane relationships.

SETTING AND TERRANE DESCRIPTIONS

The Teslin arca is underlain by six terranes of contrasting
sedimentary and structural histories that were juxtaposed in
the Jura-Cretaceous and intruded by at least five varieties of
post-tectonic plutonic rocks grouped into three main suites
(Fig. 1).

North America [{argin (NA)

The northeast part of the area (NA, Fig. 1) is underlain by
quartz sandstone and quartz-feldspar grit, chert, chert pebble
conglomerate, andesite, quartzite, and carbonate. These strata
are disrupted by variable and locally intense bedding parallel
mylonitization and steep normal faults. Foliation and bed-
ding dip gently, but the nature of contacts is obscured by
deformation, A tentative stratigraphic framework has been
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crected from locally exposed relationships in different parts
of the area (see Gordey, 1992). The only fossiliferous unit is
a regional limestone/quartz arenite marker containing corals
of probable Carbonifcrous age (Mulligan, 1963, unit 2). This
is thickest and best developed in the southeast part of the
Thirtymile Range. West and northwest of Thirtymile Lake,
the formation gradually changes facies to discontinuous lime-
stone lenses enclosed within calcareous graphitic phyllite,
graphitic quartzite, and siliceous muscovite phyllite. In addi-
tion to isolated volcanics reported previously in the
Thirtymile Range (Gordey, 1991, 1992; Harms, 1992), thick
(200+? m), extensive exposures of aphyric massive an-
desite/basalt flows(?) and tuffaceous volcaniclastics occur in
the Englishmans Range south and northwest of Mount
McCleery, and at the same latitude on the west side of the
Wolf River. Near Mount McCleery the volcanics form a
member within(?) the regional carbonate marker. Identical
volcanics and volcaniclastics form the structural window of
North American margin strata north of Nisutlin Bay.

The above mentioned strata are assigned to the Dorsey and
Slide Mountain terranes by Wheeler et al. (1991) on the basis
of their nonvolcanic or volcanic character respectively. How-
ever, all components of the stratigraphic succession have
lithologic counterparts in the Proterozoic Ingenika, Early
Paleozoic Road River(?), and Devono-Mississippian Earn
Groups that typify North American margin strata (Fig. 3 of
Gordey, 1992). A Mississippian age for volcanism and block
faulting recognized in the Thirtymile (Gordey, 1992) and
Englishmans ranges is inkeeping with Devono-Mississippian
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biotite granite, 3. leucocratic biotite granite
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tectonism elsewhere along the North American margin. At
that time, the margin was regionally characterized by block-
faulting, local volcanism, sedimentary exhalative Pb-Zn-Ag-
barite deposition, and accumulation of chert-rich clastic rocks
and local carbonate (Gordey, 1988).

Slide Mountain (SM)

Rocks tentatively interpreted as Slide Mountain terrane (after
Wheeleretal., 1991) include isolated exposures of ultramafic,
diorite, and conglomerate (units 6, 11, and 12 of Mulligan,
1963) in the northeast corner of the Teslin area. These have
yet to be examined for this study.

Kootenay (KO)

The Kootenay terrane (Teslin suture zone, Hansen et al., 1989;
or Yukon Tanana terrane, Mortensen, 1992) trends northwest
across the central part of the map area. Northwest of Canol
Road it consists of metamorphosed and ductile-deformed S-,
L-S-, and L-tectonites derived from sedimentary, volcanic,
and plutonic rocks (Stevens, 1993) that form three lithotec-
tonic assemblages. The oldest consists pre-early
Mississippian metasedimentary rocks including quartz-
muscovitetchlorite schist, muscovite-chlorite quartzite, mus-
covite graphite phyllite, calcareous schist, and minor marble.
Intrusive into these strata are foliated hornblende-bearing
metagranitoids of early Mississippian age. The last assem-
blage consists of mafic schist, greenstone, amphibolite, and
metagabbro of late Paleozoic age. Contacts between rock
units are dominantly structural with rare preservation of pri-
mary depositional and intrusive relationships. Metamorphic
grade is greenschist to amphibolite facies (Stevens, 1991,
1992, 1993; Stevens and Erdmer, 1993).

Between Canol Road and Nisutlin River the terrane com-
prises biotite quartzite to semi-schist, hornblende gneiss,
biotitethomblende metaplutonic rock, and mylonite of green-
schist to lower amphibolite facies (Gareau, 1992). Immedi-
ately east of Nisutlin Bay variably sheared originally
hornblende(?)-bearing metaplutonic rock with lesser amphi-
bole-rich schist (metavolcanic?) are dominant.

Cache Creek (CC)

The Cache Creek terrane occurs southwest of Teslin valley
where four main fault-bounded assembiages are recognized.
Late Paleozoic (mostly(?) Permian) massive to locally crinoi-
dal carbonate (CC1) occurs near Jakes Corner. The second
assemblage (CC2) comprises Late Paleozoic volcanics that
have been subdivided into two units (see Gordey, 1992) of
uncertain original stratigraphic relationship. One unit com-
prises massive greyish-green to dark grey aphyric an-
desite/basalt in which spherulites are common and pillows are
locally well developed. The second consists of massive grey-
green to chrome-green, highly fractured and poorly indurated
rocks of probable fragmental origin. This unit is distin-
guished by blocks of bedded chert and carbonate from fist-
size to up to 30 m across.
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Extensive ribbon chert and greywacke with minor shale
(Gordey, 1992) form the third assemblage (CC3) in the south-
west part of the map area. The greywacke is well indurated,
medium grey, and fine- to coarse-grained. Angular lithic
clasts are locally abundant, range up to 5 cm in diameter, and
are dominated by grey- to white-weathering chert and argil-
lite. Some of the chert contains radiolarians. Framework
grains consist of subequal proportions of quartz and plagio-
clase, and minor orthoclase, hornblende, and lithic clasts.
The chert and greywacke occur in alternating members 10 m
to 200 m thick. Chert members range from being weakly
deformed to intensely crumpled, whereas the greywacke-
dominated clastic members lack internal deformation and
cleavage. Forboth rock types near-vertical dips are common-
place. Although greywacke and chert are locally interbedded,
the alternation of these rock types over large areas results
from structural imbrication. This structural style persists
across strike (ie., west-southwesterly) for about 60 km, the
width across which these strata are exposed. Radiolaria re-
covered from chert and argillite range from Middle Triassic
(Ladinian) to Early Jurassic (Pliensbachian or early Toarcian)
(Cordey et al., 1991).

Ultramafic rocks of the Cache Creek terrane (CC4, Fig. 1)
consist of massive to foliated peridotite and variably serpenti-
nized equivalents. The foliation is defined by concentrations
oflarge pyroxene crystals up to a few centimetres thick within
a matrix of finer grained olivine and pyroxene. Irregular
shaped, metre-sized masses of dunite with gradational
boundaries are found locally in which occur scattered euhe-
dral black oxides (chromite?) to about a millimetre across.

Ultramafic bodies in the Teslin area were tentatively
considered intrusive on the basis of locally steep but unex-
posed contacts (Gordey, 1991). Further examination has
shown such contacts (e.g., the body north of Streak Mountain)
to be post-emplacement normal faults. Also, more bodies
have since been examined and all display a degree of serpenti-
nization, uniformity of lithology, and lack of zoning more
typical of alpine rather than alaskan ultramafics. Ultramafics
in the Teslin area have the mineralogical and structural hall-
marks of mantle tectonites as described for the ultramafic
bodies near Atlin, British Columbia by Ash and Arkscy
(1990).

Quesnel (ON)

Quesnel terrane forms a fault-bounded panel east of Teslin
Lake that includes as much as 600(?) m of clastic and minor
volcanic rocks and chert. These are intruded by dunite and
highly altered diorite (Gordey, 1992).

The most common rock types are siliceous argillite, silt-
stone, and sandstone. The sandstonc occurs as massive, fine-
to coarse-grained members from 1 m to at least 50 m thick
containing quartz, much feldspar, and as much as 10% fresh,
in places euhedral, augite (hornblende?). Volcanic breccia
consisting of augite and rarc feldspar porphyry blocks to
20 cm across occurs locally, as do augite porphyry dykes and
sills up to 10 m thick. The freshness, abundance, and euhedral



character of the augite suggests much of the clastics may be
resedimented, poorly indurated pyroclastic deposits. Some
sandstones resemble crystal lithic tuff. Thick bedded chert
that occurs low in the stratigraphic succession has yielded
Upper Triassic (Norian) conodonts (Gordey, 1992).

The sedimentary strata are weakly folded, and for the most
part form a moderate northeast-dipping homocline. Overall
southwest vergence of folds with long, moderate northeast-
dipping limbs and short near vertical southwest-facing limbs
is consistent with bedding attitudes and rare northeast-dip-
ping slaty cleavage within mudrocks.

An ultramafic body about 5.5 km long and 1.3 km across
that flanks either side of Lone Tree Creek (QN1) consists of
fresh, dark green dunite and minor fresh coarse grained py-
roxenite/peridotite. It differs from the ultramafics of the
Cache Creek terrane both in composition and in lack of
alteration (Gordey, 1992). Its contacts are not exposed, but
its composition and lack of alteration to the limits of its
exposure suggest an intrusive origin and probable Mesozoic age.

Stikine (ST)

Early Jurassic clastic and minor volcanic strata of Stikine
terrane (ST, Fig. 1) outcrop in the northwest part of the area.
The sediments consist predominantly of sandstone and lesser
interbedded argillite. The sandstone is well indurated and
occurs as individual thin to thick beds sharply bounded by
argillite, as well as in uniformly fine- to medium-grained
packets from 10 m to as much as 150 m thick. The sands are
composed mostly of plagioclase, lesser monocrystalline
quartz, and minor orthoclase, hornblende, pyroxene, and rock
fragments, the last including chert(?) and aphanitic volcanics,
Thinly interbedded grey, green, and tan laminated argillite
and siltstone form members up to 100 m thick. Conglomerate
members from a few metres to up to 200 m thick contain
pebble-, to cobble-sized clasts of limestone, granitic rock,
feldspar porphyry, green to grey-green volcanic(?) and argil-
lite(?), chert, and dark grey argillite. A second type contains
rounded, largely limestone clasts to 1.5 m across and minor
granitoid and volcanic clasts within black calcareous
mudstone.

Volcanic rocks are rare. Pillowed andesite, estimated at
up to 200 m thick, was scen at one locality but could not be
traced more than a few kilometres along strike.

Several hundred metres of massive carbonate of Late
Triassic (Norian) age occurs within the fault bounded panels
8.9 km and 14.7 km north-northeast of Jakes Corner (unit 8a
of Mulligan, 1963).

The structure of the clastic rocks is relatively simple. Dips
of bedding range from shallow to up to 70 degrees, and
reversals of dip direction indicate northwest-trending, upright
folds with wavelengths of a kilometre or more. Slaty cleav-
age is not developed and small- to outcrop-scale folds are
absent.
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Plutonic suites

A tentative subdivision of plutonic rocks into three main
suites comprising five main types (Fig. 1) is based on miner-
alogy and preliminary results from radiometric dating (un-
published unless otherwise cited). Large bodies of plutonic
rock remain to be characterized and dated. For example, the
large body underlying the central part of the map area may be
composite and have several Cretaceous and/or Tertiary(?)
components. As well, the body apparently straddling the
North America-Kootenay terrane contact is largely unstudied.

Early Jurassic plutons (eJ) intrude the Kootenay terrane
and North American margin and consist of unfoliated, me-
dium grained monzodiorite and quartz monzodiorite, and
minor hornblendite. Hornblende, up to 25%, is the dominant
mafic mineral. It is rarely accompanied by up to a few per
cent biotite. A faint pistachio-coloured stain and trace
amounts of very fine grained granular epidote are seen in
places. The weak alignment of hornblende seen locally is
likely an igneous flow fabric. Preliminary ages on this suite
include 185 + 3 Ma (*0Ar-39Ar, hornblende) from the body
west of Wolf River, and 188.0 +2.7/- 5.4 Ma (U-Pb, zircon)
from the body near the northwest corner of the map area
(Stevens et al., in press).

The Middle Jurassic suite (mJ) intrudes the Cache Creek
terrane and is exemplified by the Mt. Bryde pluton composed
of unfoliated, medium- to coarse-grained monzodiorite and
quartz monzodiorite, and minor hornblendite. The mon-
zodiorite commonly contains about 20%, but locally up to
40%, hornblende, and occurs at the east and west margins of
the body. The quartz monzodiorite is more leucocratic and
characterized by hornblende at about twice the abundance of
biotite, the mafics in total ranging up to about 15%. Inclu-
sions, veins, and dykes in the pluton are rare. The closest
exposures of country rock to the pluton, about 150 m distant,
display minimal contact metamorphism. Radiometric ages
on the Mt. Bryde pluton include 173 + 3 Ma (**Ar-*%Ar,
hornblende) and 169+ 2 Ma (“°Ar-*Ar, biotite). The Fourth
of July Creek batholith in the southwest corner of the area,
dominantly granite with biotite- to hornblende-rich and K-feld-
spar megacrystic to equigranular phases, has yielded an age of
171.7 + 3 (U-Pb, zircon) (Mihalynuk et al., 1992).

Plutons grouped as the Cretaceous (K) suite are of three
main types (Fig. 1). The first type (K1) is dominated by
medium grained, hornblende-biotite quartz monzonite and
quartz monzodiorite. Hornblende and biotite occur in sube-
qual proportions in amounts totalling up to 25%. Examples
include the pluton near Streak Mountain which has yielded
anageof 118.1£3 Ma(K-Ar, biotite), and the body immediately
to the north-northwest with ages of 120.2 +2.2 (4°Ar-39Ar,
hornblende) and 119.8 + 1.3 (0Ar-39Ar, biotite). A prelimi-
nary age of 123.1 + 1.7 Ma (U-Pb, zircon) (as quoted in
Gordey, 1992) was determined on similar but foliated horn-
blende-biotite granite 30.1 km north-northwest of Teslin.
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The sccond main type (K2) contains biotite as the sole mafic
mineral and is cxemplified by the Seagull and Quiet Lake
batholiths. The former, underlying the Englishmans Range,
consists of homogeneous coarse grained granite distin-
guished by up to 40% pink K-feldspar crystals to about 2 cm
long and by about 5% small fresh biotite flakes. Three ages
from the Seagull batholith east of the Teslin area range from
92 to 98 Ma (K-Ar, biotite, Wanless et al., 1972). The Quiet
Lake batholith, the large body at the north margin of the map
arca, comprises homogeneous, medium grained biotite gran-
ite with up to 15% biotite, and local phenocrysts of pinkish
K-feldspar up to 10-15%. Two ages from the Quiet Lake
batholith north of the Teslin area are 70 and 85 Ma (K-Ar,
biotite, Wanless et al., 1979). The third type of Cretaceous
pluton (K3) consists of unfoliated, medium- to coarse-
grained, leucocratic, biotite granite. The biotite occurs as
small flakes, comprising up to 5% of the rock. Plutons of this
suite are massive and homogeneous as typified by the bodies
25 km east of Teslin and 25 km northeast of Teslin. Compo-
sitionally they resemble the Seagull batholith but lack the
distinctive pink K-feldspar of that body. A third example of
this type, the Hayes Peak intrusion, contains abundant screens
and inclusions of hornblende monzodiorite that may be rem-
nants of the Middle Jurassic suite. Plutons of the third type
are as yet undated; a Late Cretaceous or Tertiary age for these
is possible. Dating is required to determine whether the
hornblende-frec plutons (K2) of this suite are consistently
younger than hornblende-bearing varieties (K1). Except for
fabric within part of the plutonic body mentioned above
(Gordey, 1991, 1992; Gareau, 1992), plutons of the Creta-
ceous suite are unfoliated.

TERRANE RELATIONSHIPS

Kootenay-North America

Across the contact of Kootenay terrane with strata of the
North American margin there is a marked contrast in meta-
morphic grade and degree of deformation. Rocks of the
tormer are greenschist to amphibolite facies and penetratively
ductile-deformed whereas those of the North America margin
are of subgreenschist to greenschist grade, locally slaty-
cleaved and effected by inhomogeneous spaced shear. A
northeast vergent thrust contact reconciles these differences
and explains the topographically low exposures of low-grade,
little-deformed rocks north of Nisutlin Bay as a window of
North American margin strata. Fabrics within Kootenay
terrane both near the window and at the thrust front near Wolf
River are steeply dipping and apparently truncated at the
thrust. On the basis of “?Ar-3%Ar cooling ages, Hansen et al.
(1991) implied overthrusting of Teslin-Taylor Mountain al-
lochthons (Kootenay terrane of this report) above North
American margin at ~190 Ma. Consistent with this, the
undeformed Early Jurassic intrusions form a "stitching" plu-
tonic suite implying proximity of the two terranes by
~186 Ma. The degree of post-Jurassic displacement along the
terrane-bounding thrust is uncertain.
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Quesnel-Stikine-Kootenay-Cache Creek

Quesnel and part of Stikine terrane are bounded by two steep
faults which merge south of Teslin (Fig. 1) and are contiguous
with the Thibert fault in northemn British Columbia. For the
latter structure Gabrielse (1985) proposed 75 km of pre-Late
Cretaceous dextral offset, but how this offset is partitioned
along the two splays in Teslin area is unclear. One possibility
is to have all displacement taken up along the eastern splay.
Restoration of 75 km of dextral slip along this structure and
the Thibert fault adjoins Quesnel terrane of the Teslin area
with similar and partly correlative Quesnel strata of the
Nazcha and Shonektaw formations in Jennings River map
area. In this instance the western strand along Teslin valley
(the structure traditionally called the Teslin fault) has little
strike-slip offset. Alternately most dextral displacement oc-
curred along Teslin fault. Restoration of 75 km of offset in
this case does not realign similar elements. Rather Quesnel
strata of the Teslin area are restored adjacent to Stikine
terrane.

Based on present terrane assignments, the first possibility
presented above is most appealing as it restores continuity to
disconnected elements. However, assignment of strata to the
Quesnel terrane in the Teslin area is a "'best guess'' rather than
proven. If strata of Quesnel terrane have been misassigned
and actually represent an older part of the Stikine succession
(e.g., volcanics and volcaniclastics of the Lewes River Group
(Wheeler, 1961)), the alternate scenario presented above is
plausible. Better fossil and age control on the Quesnel suc-
cession would constrain these options. If Quesnel strata
could be shown to extend into the Jurassic, and hence be
proven age-equivalent to Stikine strata, the present terrane
assignment would be confirmed.

The fault indicated between Quesnel and Stikine terranes
near the Canol Road (Fig. 1) is assumed. Exposure in this
area is poor and contact relationships unclear.

Cache Creek-Stikine

Traditional interpretation of the relationship of Cache Creek
and Stikine terranes (e.g., Wheeler and McFeely, 1991) por-
trays Cache Creek strata to plunge beneath, and form the
basement to, Stikine. However, relationships in western
Teslin area indicate the opposite; the Cache Creek terrane
forms a large thrust sheet above Stikine terrane. Steep north-
east- and northwest-trending normal faults have broken both
the sheet and its footwall so that horsts of Stikine strata have
locally popped up through the overlying Cache Creek. Ex-
amples include the block southeast of Streak Mountain and
that north of Jakes Corner.

Mesozoic radiolarian ribbon chert and greywacke in the
Cache Creek are the same age as the chert-free clastic succes-
sion of Stikine found along strike to the northwest. Westerly
overthrusting of the Cache Creek terrane explains the juxta-
position of proximal (Stikine) and distal (Cache Creek) facies
and intimates that before thrusting both were deposited within
the same basin.



Mutual contacts of Stikine and Cache Creek terranes are
largely defined by late steep normal faults, so little of the
thrust at the base of the Cache Creek is potentially exposed.
One possibility is in the irregular contact north-northwest of
Streak Mountain. However, outcrop in this area is poor and the
position of the contact poorly constrained. Most ultramafic
bodies within the Cache Creek occur as fault slice(s) within
the volcanics. However, two bodies, one 17.7 km northwest
of Streak Mountain and another in adjacent Whitehorse map
area 26.4 km west-northwest of Streak Mountain (Wheeler,
1961) are surrounded by, and presumably rest directly above,
Stikine clastics.

The Cache Creek terrane is likely floored by the west-di-
rected Nahlin fault (e.g., Wheeler and McFeely, 1991), alarge
thrust fault with ultramafic bodies near and at its base that
surfaces to the south and west in the Atlin area. The age of
structural duplication within the Cache Creek terrane and its
time of emplacement above Stikine is constrained as pre-170
Ma (pre-mid-Bajocian (time scale of Harland et al., 1989)),
the age of the posttectonic Mt. Bryde pluton, and post-
Pliensbachian or early Toarcian, the age of the youngest
Cache Creck beds involved in deformation.

ECONOMIC GEOLOGY FRAMEWORK

Two terranes within the map area host showings and have
potential deposit types that are terrane specific. Ultramafic
bodies in the Cache Creek terrane locally carry asbestos, and
one small body of podiform dunite is known to host small
concentrations of chromite (Squanga occurrence, DIAND,
1993). Carbonate alteration zones within the ultramafics
(listwanite) that might carry gold-quartz veins, as seen in
similar ultramafics of the Atlin camp in British Columbia
(Ash and Arksey, 1990), have yet to be noted. Potential
deposit types in strata of the North American margin include
sedimentary exhalative barite-Pb-Zn-Ag (e.g., Bar occur-
rence, DIAND (1993)) and/or volcanogenic massive sulphide
deposits. Both are expected in association with Mississippian
block faulting and volcanism.

The majority of the twenty-two known mineral occur-
rences in the Teslin area (DIAND, 1993) include Ag-Pb-Zn
vein deposits as well as Pb-Zn, Cu-Fe, and Sn-W skarns.
These are hosted by Kootenay and North American margin
rocks and all of these occurrences are likely related to Creta-
ceous plutonism. Tin-bearing skamns are genetically associ-
ated with the Seagull batholith (Abbott, 1981). The most
intensively explored property in the map area, the Red
Mountain porphyry Mo prospect, is hosted in a small intru-
sion of quartz monzonite porphyry about 95 Ma old (Brown
and Kahlert, 1986; Stevens et al., 1982).
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Operation Bouguer — the final phase of a gravity
survey in the northern Cordillera

C. Lowe, D.A. Seemann, D.B. Hearty', and D.W. Halliday'
Pacific Geoscience Centre, Sidney

Lowe, C., Seemann, D.A., Hearty, D.B., and Halliday, D.W., 1994: Operation Bouguer — the final
phase of a gravity survey in the northern Cordillera; in Current Research 1994-A; Geological
Survey of Canada, p. 19-24.

Abstract: Reconnaissance gravity mapping of the Canadian Cordillera was completed this year with the
acquisition of 1553 new measurements. The measurements, spaced approximately 10 km apart, were
acquired in the western and northern Cordillera, in regions of very rugged relief. Station positions,
determined using a Global Positioning System, are considered accurate to £2.5 m in each of latitude,
longitude, and elevation. The new data have been reduced to simple Bouguer anomalies, but terrain
corrections remain to be applied. Significant (tens of mGal) terrain corrections arc anticipated for many
observations in the St. Elias and Coast Mountains. Once processing is complete the new data will be added
to the National Gravity Database in Ottawa and used to upgrade geoid models, improve inertial navigation
systems, and aid structural and tectonic interpretations of the northern Canadian Cordillera.

Résumeé : La cartographic gravimétrique de reconnaissance de la Cordillére canadienne s’cst terminée
cette année par I’acquisition de 1 553 nouvelles mesures. Celles-ci ont été faites a des intervalles
approximatifs de 10 km dans I"ouest et le nord de la Cordillere, dans des régions au relief trés accidenté.
Les positions des stations, établies au moyen d’un systéme de positionnement global, sont considérées
précises a 2,5 m pour la latitude, la longitude et 1’altitude. Les nouvelles données ont été corrigées pour
obtenir la simple anomalie de Bouguer, mais les corrections topographiques (de relief) n’ont pas encore été
faites. Des corrections topographiques significatives (dizaines de mGal) sont prévues pour de nombreuscs
observations dans le massif St. Elias et la chaine Cétiére. Lorsque le traitement sera terminé, les nouvelles
données seront ajoutées a la base de données gravimétriques nationale, a Ottawa, ct utilisées pour améliorer
les modéles du géoide, perfectionner les systémes de navigation par inertic et faciliter les interprétations
structurales et tectoniques du nord de la Cordillére canadienne.

! Geophysics Division, Ottawa
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INTRODUCTION

Operation Bouguer, a three year program of reconnaissance
gravity surveying, is a joint venture involving the Geological
Survey of Canada, the Canadian Department of National
Defence, and the United States Defence Mapping Agency.
The program was initiated in 1991 as a consequence of a
Canada-United States agreement on gravity. During the first
two years of the program, 3637 measurements were acquired
in the southern Yukon and Northwest Territories (see Fig. 1),
at a station interval of 10 km. These measurements have been
used to significantly improve inertial guidance systems and
geoid models (Veronneau and Mainville, 1992). In addition,
they have provided valuable insight into the nature of the deep
crust beneath the northern Cordillera (Seemann et al., 1993;
Lowe et al., in press). Where available, outcrop samples were
also collected at gravity stations, analyzed for density, and
used in tectonic analyses and gravity models (Lowe et al., in
press). In this, the final phase of Operation Bouguer, 1553
new measurements were acquired in northwestern British

140°w

Columbia and the southwestern Yukon in regions of very
rugged relief. This paper describes the acquisition and
processing procedures used and presents some preliminary
comments on observed variations in the Bouguer field.

TECTONIC SETTING

Figure | shows the three regions surveyed during Operation
Bouguer and locates the 1553 new gravity measurements
acquired this year. In addition to stations along the Alaska
panhandle, measurements between 58°N and 60°N, to the east
of Dease Lake, were taken to infill a region of sparse gravity
coverage. The cntire survey area is underlain by a collage of
fault-bounded terranes and onlapping sedimentary assem-
blages (Wheeler et al., 1991). The terranes were juxtaposed
by the processes of subduction, compression, accretion, mag-
matism, and transcurrent fault movements. These processes
began in the Mesozoic, and many continue to shape the region

w 124°W
128°

60°N

60°N

Pacific

50,

® Smith River

58°N

54°N

140

128°W

Figure 1. Location of gravity stations occupied during phase 3 (the final phase) of Operation Bouguer.
Diagram in lower left outlines the regions surveyed during phases 1 (1991) and 2 (1992) of Operation

Bouguer.
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New sulphide occurrences in the northeastern
part of Iskut River map area and southeastern
part of Telegraph Creek map area,
northwestern British Columbia

M.H. Gunning!, K. Patterson?, and D. Green?
Cordilleran Division

Gunning, M.H., Patterson, K., and Green, D., 1994: New sulphide occurrences in the
northeastern part of Iskut River map area and southeastern part of Telegraph Creek map area,
northwestern British Columbia; in Current Research 1994-A; Geological Survey of Canada,
p. 25-36.

Abstract: Six new sulphide occurrences were found during geological mapping of Paleozoic rocks in
the More Creek area.

A zone more than 100 m long of massive scams and concentrated veinlets of pyrite northeast of
Alexander Glacier is named the Broken Antler sulphide occurrence. It is within one of at least 3 rhyolite
bodies in a thick, basalt-dominated, subaqueous volcanic succession believed to be mid-Early
Carboniferous or older. Base metal abundances are low, and precious metal and trace element abundances
are variable (e.g., <5-200 ppb Au, 2-3980 ppm As, <2-108 ppm Sb). The geological setting and lack of
previous work warrant thorough exploration for volcanic-hosted base metal sulphide deposits.

An occurrence of auriferous quartz veins in a mid-Carboniferous or older metavolcanic succession, two
occurrences of copper sulphide and gold in mid-Carboniferous or older limestone, and one occurrence of
specular hematite and gold in Permian limestone are also described.

Résumé : Six nouvcaux indices de sulfures ont été découverts pendant la cartographic géologique des
roches paléozoiques de la région du ruisseau More.

Une zone de plus d’un centaine de métres de veines massives et de filonnets concentrés de pyrite, au
nord-est du Glacier Alexander, est appelée 1'indice de sulfures de Broken Antler. Elle est contenue dans
I’'un d’au moins trois massits rhyolitiques encaissées dans une épaisse succession volcanique subaquatique
a prédominance de basalte qui daterait du milieu du Carbonifére précoce ou d’avant. Les concentrations de
métaux communs sont faibles et celles des métaux précieux et des éléments traces sont variables (p. ex.
<5-200 ppb d’Au, 2-3980 ppm d’As, <2-108 ppm de Sb). La cadre géologique et I'absence de travaux
antérieurs justifient une prospection approfondic de cette succession volcanique pour la découverte de
gisements de sulfures de métaux communs.

Un indice de filons de quartz aurifércs dans une succession métavolcanique du Carbonitére moyen ou
plus ancienne, deux indices de sulfures cupriféres et d’or dans un calcaire du Carbonitére moyen ou plus
ancien et une occurrence d’hématite spéculaire et d’or dans un calcatre permien sont ¢galement décrites.

. Department of Earth Sciences, University of Western Ontario, London, Ontario, N6A 5B7
2 Department of Geological Sciences, University of British Columbia, Vancouver, British Columbia V6T 1Z4
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INTRODUCTION

The middle to upper Palcozoic Stikine assemblage is the
foundation for extensive carly Mesozoic volcano-sedimen-
tary successions that underlic much of northwestern Stikinia.
Volcanic rocks are predominant in sub-Permian strata but
there has been little exploration for syngenctic or epigenetic,
volcanic-hosted, base-metal sulphide deposits, particularly in
comparison to the amount of exploration in Mesozoic vol-
canic successions. This report documents the character of new
sulphide occurrences in Palcozoic strata, and highlights the
potential for volcanic-hosted base metal deposits in the Stikine
assemblage.

The study area is in the northwestern part of Stikinia, near
the western margin of the Intermontane Belt (Fig. 1). It
straddles the boundary between 1:250 000 NTS map areas
104B (Iskut River) and 104G (Telegraph Creck). New sul-
phide occurrences are hosted in Paleozoic strata (Fig. 2).
Trace clement analyses of grab samples obtained during
cursory examination of the occurrences during regional geo-
logical mapping and UTM locations are in Table 1.

Sulphide occurrence 1 is named Broken Antler, and
occurrences 2 to 6 are not named. Occurrence descriptions are
grouped by area: Alexander Glacier, Iskut Iceficld, and Mess
Creek headwater. Occurrence 3 is massive and semimassive
pyrite in a 20-50 centimetre-wide, steeply east-dipping
quartz-carbonate alteration zone about 10 m long within
basalt, and is not described in detail.

Data in this report are from geological mapping in 1992
and 1993 that is part of a PhD study on the nature of
subaquecous volcanic successions of the middle to upper
Palcozoic Stikine assemblage in the Forrest Kerr Creck-More
Creek-Mess Creck arca (e.g., Gunning, 1992, 1993). Ficeld-
work for the thesis was done in conjunction with ongoing
regional mapping of the Iskut River map area by R.G. Anderson
(e.g., Anderson, 1989).

GENERAL GEOLOGICAL SETTING

The new sulphide occurrences are within a continuous, north-
trending belt of Paleozoic strata over 80 km long between the
Iskut River and Mess Lake. The Late Devonian Forrest Kerr
pluton (Logan et al., 1992a, b, 1993; Gunning, 1993) is the
east boundary to the belt in the More Creck area (Fig. 2). The
polyphase pluton underlies more than 500 km2, Matfic phases
are common near pluton margins; medium- to coarse-grained
granite is the most extensive, and granite and aplite intrude
mafic rocks in complex mixed zones of diorite and granite
(Fig. 3). An intermediate phase of the pluton in the Forrest
Kerr Creek arca yiclded a Late Devonian date from U-Pb
geochronology on zircon (Logan et al., 1992a, 1993).

Occurrences 1 and 3-6 are in metavolcanic successions.
Strata are likely mid-Carboniferous or older based on their
down-section position relative to a skeletal wackestone inter-
val at occurrence 5 which resembles well-dated, mid-Lower
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Carboniferous limestone to the south (Logan et al., 1990a, b;
Gunning, 1992). Occurrence 2 is in Permian(?) limestone
associated with Upper Triassic intrusive and extrusive rocks
on a nunatak in the eastern part of the Iskut Icefield.

PREVIOUSLY KNOWN SHOWINGS

There are less than 20 assessment reports filed for 1:50 000
NTS map arcas 104G/2 and 3, and therc are only three
BC MEMPR MINFILE mineral showings in Paleozoic strata
in the More Creck area; there is no previous work on the
sulphide occurrences reported here. Previous work relevant
to this report includes exploration on the BIK showing by
Silver Standard Mines (MINFILE #104G-49) and the BJ
showing (MINFILE #104G-70) by Teck Exploration Ltd. in
the Mess Creek area, and evaluation of mineralized boulders
and geophysical anomalics in the More Glacier area (Fore-
more Property; FM on Fig. 2) by Cominco Limited. The
character of showings of stratabound veins, stratiform mas-
sive sulphides, porphyry copper-gold occurrences, and skarns
in Paleozoic and Mesozoic strata and plutons in the More
Creck arca are reviewed by Logan et al. (1992a).

BIK showing

The BIK showing is similar to the newly found sulphide
occurrences 5 and 6 that arc located about 1 and 4 km to the
south, respectively (Fig. 2). Stringers and blebs of tetrahe-
drite in limestone breccia, and malachite on fractures, are in
fossiliferous, recrystallized, siliceous limestone. Sulphides
are commonly associated with subhorizontal quartz vein and
fracture sets. Grab samples have up to 819 g/t silver,
13% copper, 2.8% zinc, and trace gold (BC MEMPR MINFILE
104G-049). The limestone dips west-northwest, and is within
an undifferentiated succession of massive and foliated basalt
and dolerite, and dark green phyllite.

¢ Study Area
NTS Map Area
104G; Telegraph

- Creek
N.1048; Iskut River

Kiigmertes

Figure 1. Location of new sulphide occurrences in the
More Creek area.



BJ showing

Quartz-sulphide veins at the BJ showing are similar to veins
at the newly found sulphide occurrence 4 located about 5 km
to the southwest. The showing is at the contact between
Palecozoic, foliated diorite and a metavolcanic succession of
basalt, foliated basalt, microdolerite sills, and chlorite and
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quartz-sericite schist. Metamorphic quartz segregations are
tightly folded with dark green chlorite schist, and contain
stringers and blebs of pyrite and rare chalcopyrite
(BC MEMPR MINFILE 104G-070). Veins grade into siliceous
and potassic alteration halos. One auriferous vein is >180 m
long and contains trace base metal sulphides and sporadic
gold. Limonitic and sideritic, brown-weathered carbonate

.
{+43000OE
6310000 N

STRATIFIED ROCKS

Lower-Middle Jurassic volcanic
sa and sedimentary rocks

Upper Triassic volcanic and
sedimentary rocks

[::] middle-upper Paleozoic volcanic
and sedimentary rocks

limestone occurrences
relevant to this paper
{adjacent symbol gives
predominant dip direction) :

I1 Permian

mid-Lower Carboniferous

geclogic contact

subvertica) fault )
o  Devonian or older

reverse fault

INTRUSIVE ROCKS
creek
e Early Jurassic granite. feldspar-
ice el phyric quartz monzonite, hornblende-
L diorite and migmatite
} | mid-Paleozoic Forrest Kerr Pluton:
Km 10 quartz-phyric granite, hornblende

diorite and complex granite-diarite
mix zones

Figure 2. General distribution of Paleozoic, Upper Triassic, and Lower-Middle Jurassic volcano-sedimentary
successions and plutons, in the Forrest Kerr Creek-More Creek area. Some data from Geological Survey
of Canada (1957), Read et al. (1989), Souther (1972), and Logan et al. (1990b, 1992b) are included.
Crosses are at new sulphide occurrences (UTM locations are in Table 1). Solid triangles are at previously
discovered showings in the southwestern part of the Telegraph Creek map area; letters abbreviate names

of showings discussed in text.
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M.J. Orchard, GSC, written comm., 1993) and limestone on
the north limb has small dendroid corals assigned Silurian to
Early Devonian age (GSC #: C-177053; A.E. Pedder, GSC,
unpub. data, 1993). Similar, but nonfossiliferous limestone is
within the mafic volcanic succession north of Alexander
Glacier, but the stratigraphic position, and hence age of the
Broken Antler sulphide occurrence is equivocal because of
folds, faults, and abrupt facies changes. Mid-Lower Carbon-
iferous limestone is within successions of mafic flows and
monomictic breccia, felsic tuff, and coarse grained volcani-
clastic rocks in the Round Lake and Forrest Kerr Glacier
areas, up-section according to regional dip-directions
(Fig. 2). The Late Devonian Forrest Kerr Pluton bounds the
succession to the east.

Steep south to southwest dips reveal a thick stratigraphic
section north of Alexander Glacier. Rock types in the succes-
sion in order of decreasing abundance are: aphanitic and
feldspar porphyritic basalt sheet flows, some with planar
compositional layering; monomictic, pitted, dark green basalt
flow breccia; isolated pillow breccia; amygdaloidal basalt
sheet flows; lithic tuff; compositionally layered rhyolite; and
rare dark green and brown phyllite, sericite, and quartz-
sericite schist and dark to medium grey, nonfossiliferous
limestone.

Mafic fragmental volcanic rocks are massive to crudely
bedded with diffuse, decimetre-thick fragment concentra-
tions; they are commonly feldspar porphyritic and generally
matrix-supported (Fig. 5a). Fragments are 20-40% of the
breccia and generally less than 10 cm is size. Alignment of
fragments in the plane of a faint, but pervasive chlorite
mineral foliation is common (Fig. 5a). [solated pillow breccia
with imbricated, amoeboid-shaped pillows is rare. Lithic tuff
is volumetrically minor but distinctive in outcrop because
platy to globular, chloritic fragments generally <1 cm in size
contrast to a pale grey ash matrix (Fig. 5b). Tuff forms
metre-thick intervals intercalated with mafic sheet flows and
flow breccias. A small rhyolite body is about 2 km southwest
of the occurrence, and there is a large, dome-like, nondescript
felsic intrusion (felsite) south of the sulphide occurrence.
Rhyolite is aphanitic to faintly feldspar-porphyritic. Decime-
tre-thick, nontabular compositional layers with sharp, coher-
ent contacts are common, and rusty quartz veinlet stockwork
zones are scattered throughout (Fig. 5c).

East of the sulphide occurrence, from west to east are
foliated lapilli tuff, crenulated and chaotically folded quartz-
sericite schist (Fig. 5d), and dull green, thin-bedded ash tuff
with tractional sedimentary structures. There are rare rhyolite
fragments with quartz vein stockwork in lapilli tuff. High
length-to-width ratios, and well-developed strain shadows are
characteristic of felsic lapilli in foliated tuff, and there is a
pervasive crenulation cleavage in schist.

M.H. Gunning et al.

Iskut Icefield area
Occurrence 2

Auriferous specular hematite is in limestone on a nunatak in
the eastern part of the Iskut Icefield, southwest of Forrest Kerr
Glacier (1:50 000 NTS map area 104G/2; UTM coordinates:
6331790N, 391840E; occurrence 2 on Fig. 2). A tabular
interval of light grey limestone hosts fine- to medium-
grained, dull brown and dark grey to steel grey hematite in
irregular patches and in massive to semimassive, tabular and
sinuous veins in concordant, metre-wide zones. Hematite is
in abrown, friable, calcareous Fe-oxide matrix; Fe-rich zones
account for about 10% of the limestone interval. Regular
centimetre-spaced hematite-lined fractures are common.
There are traces of a pale blue to blue-grey oxide mineral
within darker grey hematite in some outcrops. Hematite-rich
zones have sharp margins and although locally irregular they
are broadly concordant to bedding in limestone. A grab
sample of hematite and calcareous, brown oxide has 515 ppb
Au, 501 ppm Cu, 30 ppm Pb, and 76 ppm Zn (Sample 333-2
in Table 1).

Geological setting

Specular hematite and limestone are within an Upper Triassic
volcanic succession near the contact with Permian limestone
in the central part of the nunatak (Fig. 2). The east end of the
nunatak is underlain by a volcaniclastic unit that overlies a
columnar jointed rhyolite dome. Volcaniclastic rocks form
dark purple, grey, and maroon, crudely bedded, polylithic
deposits with abundant decimetre- to metre-size, rounded
blocks of fossiliferous limestone and rhyolite joint fragments,
supported in a crystal-rich matrix. Volcanic rocks are inter-
preted to be mid-Early Carboniferous or younger.

A thick, well-bedded succession of Permian skeletal
wackestone conformably overlies the coarse grained volcani-
clastic strata but the contact is locally faulted. Tabular, con-
cordant concentrations of large, strophic brachiopods, and
ceratoid, cylindrical, and dendroid rugose corals are common
in limestone. The west half of the nunatak is underlain by
Upper Triassic(?) pyroxene-phyric basalt, aphanitic dacite,
crystal tuff with pale grey dacite lapilli and blocks, trachytic
and equigranular, potassium feldspar megacrystic syenite(?),
and potassium feldspar megacrystic intrusive breccia. Flows
and tuft dip moderately west-southwest. The contact with
Paleozoic strata is, in one place, a north-trending fault, and at
another locality, a pyroxene crystal-rich, well-bedded vol-
caniclastic unit with local tractional sedimentary structures
and abundant pyroxene-phyric basalt fragments conformably
overlies Permian limestone. Potassium feldspar megacrystic,
trachytic to equigranular syenite(?) dykes intrude Permian
limestone in the central part of the nunatak.
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Rocks, in order of decreasing abundance are aphanitic and
feldspar porphyritic, massive and faintly foliated basalt sheet
flows, mafic lapilli tuff, mafic, monomictic volcanic breccia,
massive microdolerite, and metre-thick intervals of pale green
phyllite and dark green chlorite schist. Limestone is com-
monly spatially associated with phyllite. Phyllite commonly
grades into thin-bedded ash tuff, and chlorite schist com-
monly grades into foliated and massive basalt.

DISCUSSION

The vein system at occurrence 4 is unexplored, and the extent
of copper and precious metals in limestone at occurrences 5
and 6 is unknown. No evidence of previous prospecting was
seen at any of the occurrences. The belt of schist and quartz
veins at occurrence 4 warrants a thorough evaluation based
on gold content in quartz veins and in pyrite-rich, siliceous,
hematitic rock, and abundances of Au, Co, As, Ba, and Hg in
aregional stream sediment sample in the river that drains the
valley immediately west of the vein system (Geological
Survey of Canada, 1988). Laminated pyrite and base metal
sulphide in felsic tuff within the same belt of schist east of the
north fork of More Glacier (Fm in Fig. 2) are further incentive
for thorough exploration of the entire belt. The proximity,
and similarity of previously discovered and newly found
sulphide occurrences in the area is evidence of an extensive
hydrothermal fluid system; precious metal abundances, and
abundances of trace elements commonly abundant in epither-
mal deposits, in some sulphide occurrences and in one stream
sediment sample, highlight the potential for epigenetic, strat-
abound, or structurally-controlled metal deposits.

Alexander Glacier area

There is potential for volcanic-hosted base metal sulphide
deposits in the mid-Carboniferous or older metavolcanic suc-
cession in the More Creck area, yet previous mineral explora-
tion work is limited. There is no evidence of previous
prospecting at the Broken Antler sulphide occurrence, or at
any of the other rhyolite bodies in the area. Logan et al.
(1990a) emphasize the potential for massive sulphide depos-
its in mid-Carboniferous or older mafic volcanic successions
west of Forrest Kerr Creek based on the discovery of layer-
parallel pyrite zones in foliated, felsic volcaniclastic rocks,
and Logan et al. (1992a) also suggest that the sulphide-rich
boulders on the Foremore claim group are similar to Kuroko-
style volcanogenic massive sulphide ore.

There are copper-zinc volcanogenic massive sulphide
deposits in an Upper Carboniferous, compositionally bimodal
but mafic-dominated metavolcanic succession north ot the
junction of the Taku and Tulsequah rivers in northwestern
British Columbia (Nelson and Payne, 1984; Gunning,
1988). Sulphide occurrences and quartz vein stockwork
zones are associated with rhyolite bodies in the Alexander
Glacier area; the association of base metal massive sul-
phide deposits with felsic rocks in a lithologically
correlative, upper Paleozoic metavolcanic succession at

M.H. Gunning et al.

Tulsequahunderscoresthe potential forabase metal massive
sulphide depositin the Alexander Glacierarea. Abundances
of As,Sb,andHg inone sample of massive pyrite in the south
part of the sulphide occurrence (34-5; Table 1) could be
indicative of anepithermal componenttomineralization,and
if so, structurally-controlled fluid migration could be an
important aspect of the Broken Antlersulphide occurrence.
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Stratigraphic and structural setting of mineral
deposits in the Brucejack Lake area,
northwestern British Columbia

A.G.S. Davies!, P.D. Lewis!, and A.J. Macdonald!
Cordilleran Division

Davies, A.G.S., Lewis, P.D., and Macdonald, A.J., 1994: Stratigraphic and structural setting of
mineral deposits in the Brucejack Lake area, northwestern British Columbia; in Current Research
1994-A; Geological Survey of Canada, p. 37-43.

Abstract: Upper Triassic to Lower Jurassic Stuhini and Hazelton groups in the Brucejack Lake area,
northwestern British Columbia (104B/8) host several precious metal vein deposits and showings. Oldest
strata in the map area are Upper Triassic(?) heterolithic volcaniclastic conglomerate-breccia and sedimen-
tary rocks, overlain by Lower Jurassic(?) sedimentary rocks. This sedimentary succession is overlain by
intermediate volcaniclastic rocks dominated by feldspar-amphibole-bearing volcanic breccia. Uppermost
rocks are dacitic and include both flows and volcaniclastic rocks. The stratigraphic succession is intruded
successively by (1) plagioclase-hornblende diorite porphyry, (2) plagioclase-hornblende-phyric, potassium
feldspar megacrystic porphyry, (3) flow-layered plagioclase porphyry. Field relationships suggest that
precious metal mineralization may be associated with the second of these intrusive suites. Principal folds
and associated cleavage overprint precious metal-bearing veins and associated alteration, and likely formed
during Cretaceous contractional deformation.

Résumé : Les groupes de Stuhini et de Hazelton du Trias supérieur-Jurassique inférieur dans la région
du Jac Brucejack, dans le nord-ouest de la Colombie-Britannique (104B/8), recélent plusieurs gisements
filoniens et indices de métaux précieux. Les couches les plus anciennes dans la région cartographiée sont
des roches sédimentaires et des roches volcanoclastiques hétérolithiques (conglomérat-bréche) du Trias
supérieur(?), sur lesquelles reposent des roches sédimentaires du Jurassique inférieur(?). Cette succession
sédimentaire est surmontée de roches volcanoclastiques intermédiaires ot prédomine une bréche volcanique
a feldspath-amphibole. Les roches sommitales sont dacitiques et renferment des coulées et des roches
volcanoclastiques. La succession stratigraphique est recoupée successivement par 1) un porphyre de diorite
a plagioclase-hornblende, 2) un porphyre a phénocristaux de plagioclase-hornblende et 4 mégacristaux de
feldspath potassique, et 3) un porphyre a plagioclase, a rubanement de coulée. Les relations établies sur le
terrain indiquent que la minéralisation de métaux précieux pourrait étre associée a la deuxiéme suite de
roches intrusives. Les plis principaux et le clivage associé se surimpriment aux filons renfermant les métaux
précieux et & I’altération associée et ils se sont probablement formés durant la déformation par compression
du Crétacé.

! Mineral Deposit Research Unit, Department of Geological Sciences, University of British Columbia, 6339 Stores
Road, Vancouver, British Columbia V6T 174
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Figure 1. Geology of the Brucejack Lake area, northwestern British Columbia, based upon and
simplified from 1:5000 mapping by the authors in 1993. Inset shows regional location.
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INTRODUCTION

Widespread alteration and abundant mineral showings near
Bruccjack Lake in the Iskut River map sheet, northwestern
British Columbia (Fig. 1) have attracted exploration to the
area for over 30 years. Despite this focused interest, efforts to
equate stratified host rocks with regionally defined scctions
clsewherc have been thwarted by alteration and plutonism in
the area, and poor chronologic control. Documentation of a
185.6 Ma dacitic flow-dome complex in the east part of the
arca (Macdonald, 1993) demonstrates that at least some of the
area contained rocks coeval with parts of the Hazelton Group,
but the rock type distribution and stratigraphic relationships
within the area remained poorly known. Mineral Deposit
Research Unit (University of British Columbia) 1:5000 scale
mapping completed during the 1993 field season (Fig. 1)
identified a stratigraphic succession over 750 m thick which
contains the upper part of the Stuhini Group and a thick
Hazelton Group section. This report outlines six units defin-
ing this stratigraphic succession and three plutonic rock types
which intrude these units, discusses new constraints on the
structural history of the area, and briefly addresses how these
aspects relate to alteration and mincralization near Bruccjack
Lake.

PREVIOUS GEOLOGICAL WORK

Earliest mapping in the Brucejack Lake area was completed
as part of an M.Sc. thesis by Kirkham (1963). Subsequent
exploration of the property by Granduc Mines Ltd. and Esso
Resources Canada was reported by, for example, Bridge et al.
(1981). Results of British Columbia Geological Survey
Branch mapping have been reported by Alldrick and Britton
(1988), Britton and Alldrick (1988), and Alldrick and Britton
(1991); Geological Survey of Canada Open File maps have
been published by Kirkham (1991, 1992). Henderson ct al.
(1992) described stratigraphy and structure to the north of the
Bruccjack Lake arca. Mapping by Newhawk Gold Mines Ltd.
has focused on the geology in the vicinity of mineral show-
ings that are the subject of active exploration (e.g., Roach,
1990). Earlier work by Mineral Deposit Research Unit per-
sonnel and co-workers include a discussion of mineralization
in the West Zone (Roach and Macdonald, 1992) and the
stratigraphy south and cast of Bruccjack Lake (Macdonald,
1993).

STRATIGRAPHY

Strata exposed at Brucejack Lake comprise six mappable
sedimentary and volcanic rock units. Moderate to stecp east-
ward regional dips and facing directions, although locally
complicated by folds and faults, indicate an eastward young-
ing progression of these units. Contacts between these map
units are sharp to gradational over scveral metres; all non-
faulted contacts are parallel to bedding in units both above
and below, and no unconformities are identified. Detailed
lithostratigraphic descriptions for all rock units are provided

A.G.S. Davies et al.

in Table 1 and photographs of representative examples are
given in Figures 2-8. Lowest rocks, assigned to unit 1, com-
prise heterolithic mafic to intermediate volcanic breccia and
conglomerate. Units 2 through 4 are sedimentary units con-
sisting primarily of interbedded siltstone and sandstone,
coarse grained sandstone to conglomerate, and thinly bedded
argillitc and mudstone, respectively. Andesitic rocks of
unit 5, dominated by plagioclase-hornblende volcanic brec-
cia, mark a transition to more active volcanic environments
characterizing the central part of the exposed sequence. Rocks
of unit 6 are dacitic (Macdonald, 1992) and include both flow
and volcaniclastic rocks, and minor sedimentary rocks.

Although absolute age control is lacking at Brucejack
Lake, similarities of units I through 6 to strata elsewhere in
the Iskut River area (e.g., Alldrick and Britton, 1988;
Anderson and Thorkelson, 1990; Anderson, 1993) suggest
equivalence to Upper Triassic and Lower Jurassic Stuhini and
Hazelton Group rocks. The boundary between Stuhini and
Hazelton groups elsewhere in the region is an angular uncon-
formity to disconformity, overlain by coarse clastic sedimen-
tary strata (Henderson et al., 1992) followed by andesitic
volcanic breccia. Stratigraphically higher rocks typically in-
clude intercalated sedimentary and felsic volcanic rocks, with
local basaltic flows. Units 3 through 6 at Brucejack Lake are
similar to this regional Jurassic succession, although detailed
correlation to specific sections elsewhere are not possible. Rock
types present in units 1 and 2 are consistent with Triassic Stuhini
Group strata elsewhere in the region (Anderson, 1993).

Intrusive rocks at Brucejack Lake can be grouped into
three map units: (1) a plagioclase-hornblende-phyric diorite
(Macdonald, 1992), (2) a potassium feldspar megacrystic
plagioclase-hornblende porphyry, and (3) a plagioclase and
(rarely) potassium feldspar porphyry of dacitic composition.
Minor, fine grained, green andesitic and felsic (quartz mon-
zonitic composition; Macdonald, 1992) dykes cut these units,
and are not differentiated in Figure 1. Lithological similarities
and contact relationships suggest that some of the intrusive
rocks are cogenctic with upper parts of the volcanic sequence;
the plagioclase porphyry exhibits both intrusive and extrusive
contacts with supracrustal rocks to the north and south of
Brucejack Lake, and forms a flow dome south of the lake
(Macdonald, 1993). The potassium feldspar megacrystic por-
phyry may be the subvolcanic equivalent of volcanic rocks of
unit 6 (Table 1) on Mount John Walker; petrographical and
geochronological analyses to evaluate this proposition are in
progress. Intrusive rocks similar to the megacrystic porphyry
clsewhere in the Iskut River area have yiclded Early Jurassic
U-Pb dates ranging from 185-195 Ma (Andecrson, 1993).

The rock units presented in Table 1 and diagram shown
in Figure 1 include several modifications to previously pub-
lished geological maps (c.g., Alldrick and Britton, 1988;
Kirkham, 1992) that include the Brucejack Lake arca:

1. Jurassic Hazelton Group strata are divided into four map-
pable units (units 3 to 6; Table 1), comprising from the
base upwards two distinct sedimentary units (units 3
and 4), an intermediatc volcaniclastic unit (5) and an
upper felsic, mixed flow and volcaniclastic unit (6).
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Table 1. Map units identified in the Brucejack Lake area.

Stratified Rocks:

Lithology

Unit Thickness
Jurassic

6 250450 m

5 200-300 m

4 approx. 75 m
3 50-100 m

Triassic (?)

2 uncertain,
> 200 m?
1 > 150 m

Flow and volcaniclastic rocks, minor sedimentary rocks. Flows: dominantly plagioclase phyric,
laterally discontinuous plagioclase and potassium feldspar phyric; Volcaniclastic rocks: range
from plagioclase ash and crystal tuffs to felsic breccias - clast size may attain several metres.
Conglomerate: similar to felsic volcaniclastic breccias with rounded clasts of flow-layered
plagioclase porphyry but with matrix component of hematitically altered mud, locally stratified;
also includes volumetrically insignificant argillaceous and limy sedimentary rocks at top of
exposed section, not differentiated in Figure 1.

Massive, green, monolithologic andesitic volcanic breccia to block and ash tuff and minor
polylithic volcaniclastic conglomerate. Moderately porphyritic with abundant plagioclase and
hornblende phenocrysts up to 2-3 mm long in both clasts and matrix. Clasts are very angular
and range in longest dimension from less than 1 c¢m to almost 1 m. Lowest rocks in section are
completely clast supported, and in highest rocks irregularly shaped clasts are supported by a
fine- to medium-grained tuffaceous matrix.

Thin- to medium-bedded dark grey to black mudstone and argillite. Typically highly altered;
mudstone is typically highly siliceous or cherty in appearance.

Medium- to thick-bedded, medium- to coarse-grained sandstone and pebble to cobble
conglomerate. Sandstone is medium- to coarse- grained, moderately to well-sorted.
Conspicuous internal planar laminations and rare cross-stratification. Conglomeratic portions are
clast supported by rounded to subangular pebbles to cobbles. Clasts are dominantly
intermediate composition porphyritic rocks and subordinate argillite and mudstone clasts. Rare,
cross-stratified approximately mud chip conglomerate near middle of unit.

Thin- to medium- bedded black argillite, siltstone, and fine-grained sandstone. Minor medium-
bedded dark grey limestone, tuffaceous mudstone, feldspathic sandstone, and tuffaceous pebble
conglomerate.

Heterolithic volcanic conglomerate. Massive outcrops, stratification and sorting not visible.
Subangular to rounded clasts are dominantly porphyritic (plag, hb, cpx) mafic to intermediate
composition volcanic rocks. Clast-supported. Matrix consists of feldspathic wacke.

Intrusive Rocks:

Unit Lithology

Jurassic (?)

JriP Plagioclase porphyry, typically flow layered and flow folded intrudes unit 5 north of Brucejack Lake and flows and
volcaniclastic rocks of unit 6; plagioclase phenocrysts (30-40%) to 4 mm exhibiting minor sericite alteration along
fractures, and local epidote and hematite alteration; rare potassium feldspar megacrysts; conspicuous, trace apatite
(<0.2%) needles to 400 microns; groundmass (60-70%) of quartztfeldspartclaytsericitetcarbonate.

JrK Megacrystic potassium feldspar, hornblende+plagioclase porphyry, probably intrudes the hornblende-plagioclase diorite.
Potassium feldspar megacrysts up to 4 cm long, less common megacrystic hornblende up to 2 cm, and widespread
smaller (<5 cm) plagioclase+hornblende phenocrysts, all set in a fine-grained groundmass. Conspicuous flow layering
defined by crystal size, composition is subparallel to intrusive contacts. Intrusive contacts with unit 1 argillites have
only thin (<10 cm) chilled margins and wall rock hornfels zones.

JrD Plagioclase-hornblende diorite, fine grained, massive; plagioclase and hornblende phenocrysts up to 4 mm in longest
dimension. Extensively altered and veined west of Galena Hill and the West Zone, but in some exposures relic
feldspar phenocryst outlines allow positive identification.










1. Extensive alteration at the West Zone, the Shore Zone,
Galena Hill, Old Yeller, and Quartz Hill overprints rocks
belonging to units 2, 3, and 4, and the hornblende-plagio-
clase porphyry (JrD), but is most prevalent in the porphyry
and the base of unit 5.

2. Quartz+carbonate sheeted veins, massive veins, stock-
work veins, and breccia veins within and stratigraphically
below this alteration have variable orientations, but on
average have steep dips and southwesterly to northwest-
crly strikes, at moderate to high angles to regional strati-
graphic contacts. These veins and localized alteration
extend westward as far as, and locally into, the potassium
feldspar megacrystic porphyry.

3. Most veins and alteration are deformed by both folds and
foliation. Deformation within altered and mineralized
zones is characterized by buckle folds of veins with axial
surfaces parallel to regional foliation, and locally intense
foliation development. However, cleavage is locally
folded (e.g., West Zone and Old Yeller Zone; Roach and
Macdonald, 1992) and quartz-carbonate veins cut the
folded clcavages suggesting more complex timing rela-
tionships between veins and the development of penctra-
tive fabrics in the Brucejack Lake area.

The postulated cquivalence between the potassium feld-
spar porphyry and unit 6, the style and ortentation of veins,
and the stratigraphic localization of veins and alteration all
imply that alteration and mineralization at Brucejack Lake
resulted from a shallow hydrothermal system associated with
the megacrystic porphyry. Stratigraphic distribution and in-
terpreted thicknesses suggest a depth of porphyry emplace-
ment of not more than a kilometre or two, with most extensive
mineralization and alteration (West Zone, Galena Hill, etc.)
focused approximately 500 m above the intrusion in lower
parts of the mixed volcanic-sedimentary scquence.
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Geology of the Cambria Icefield: regional setting
for Red Mountain gold deposit, northwestern
British Columbia
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Greig, CJ., Anderson, R.G., Daubeny, P.H., Bull, K.F., and Hinderman, T.K., 1994: Geology of
the Cambria Icefield: regional setting for Red Mountain gold deposit, northwestern British
Columbia; in Current Research 1994-A; Geological Survey of Canada, p. 45-56.

Abstract: Lower Jurassic (LJr) Hazelton Group (HG) volcanic and volcaniclastic rocks underlie much
of the Cambria Icefield area and host LAC Minerals’ Red Mountain Au deposit. They occur with similar
Upper Triassic and older rocks in a structural culmination outlined by the contact between competent felsic
and mafic volcanic rocks of uppermost Hazelton Group and overlying, relatively incompetent late Lower
Jurassic and younger, westerly-derived clastic rocks. Stratigraphy of Hazelton Group is complex, but
locally traceable units show that Lower Jurassic stratigraphy helped localize mid-Cretaceous(?) structure,
The newly-recognized mafic-felsic association in upper Hazelton Group has significant exploration and
tectonic implications. Plutonic styles suggest the age and exploration potential of plutons be reconsidered.
Genesis of the Red Mountain deposit has yet to be firmly established, but the main mineralizing event
predated regional deformational events, implying significant stratigraphic control and potential in the area
mapped, and areas nearby, for similar deposits.

Résumé : Les roches volcaniques et volcanoclastiques du Groupe de Hazelton du Jurassique inférieur
forment le substratum rocheux de la plus grande partie du champ de glace de Cambria et contiennent le
gisement d’or de Red Mountain de LAC Minerals. Elles apparaissent avec des roches semblables du Trias
supérieur et de temps plus anciens dans une culmination structurale délimitée par le contact entre les
volcanites felsiques et mafiques compétentes du sommet du Groupe de Hazelton, et les roches clastiques a
source occidentale, relativement incompétentes, du sommet du Jurassique inférieur et plus hautes. La
stratigraphie du Groupe de Hazelton est complexe, mais des unités retragables par endroits révélent que la
stratigraphie du Jurassique inférieur a joué un réle dans la localisation des structures du Crétacé moyen(?).
La découverte récente de 1’association mafique-felsique dans la partie supérieure du Groupe de Hazelton a
des répercussions importantes du point de vue de I'exploration minérale et de la tectonique. Les styles
plutoniques indiquent qu’il faut réévaluer 1’age et le potentiel en termes d’exploration minérale des plutons.
La genése du gisement de Red Mountain n’est pas encore fermement établie, mais le principal épisode
minéralisateur a précédé la déformation régionale, ce qui laisse supposer un contrdle stratigraphique et un
potentiel importants dans la région cartographiée et dans les régions avoisinantes, relativement a des
gisements semblables.

Depanment of Geosciences, University of Arizona, Building #77, Tucson, Arizona, U.S.A. 85721
LAC Minerals Ltd., P.O. Box 337, Stewart, British Columbia VOT IWO0

Dnhedral Exploration, P.O. Box 81418, Fairbanks, Alaska, U.S.A. 99708
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Lower Jurassic to Upper Jurassic well-bedded marine clastic
rocks stratigraphically overlie and form the less competent
structural cover to a gencrally more massive and competent
basement of Paleozoic to Lower Jurassic oceanic arc volcanic
and volcaniclastic rocks (see Anderson, 1993) exposed in
structural culminations of the latest Jurassic or Early Cretaceous
to Tertiary Skeena Fold Belt (Evenchick, 1991).

Cambria Icefield area strata arc mainly Jurassic (Fig. 2).
The central and higher parts of the area, coinciding with the
major icefields, are underlain by resistant Lower Jurassic
felsic and matic pyroclastic and subordinate flows and vol-
caniclastic rocks which mark the top of both the structural
basement and the volcanic part of the Hazelton Group. The
less rugged eastern part is underlain by upper Lower Jurassic
to Upper Jurassic clastic rocks correlative to the SalmonRiver
Formation (of the Hazelton Group) and Bowser Lake Group.
Upper Triassic clastic rocks and Triassic or older basalt occur
locally.

Hazelton Group clastic rocks were divided into three units
by inferred stratigraphic position and sedimentological matu-
rity. The uppermost unit (MUJ, Salmon River Formation) is
the best stratified and sorted and finest grained. The common
debris flow conglomerate and ash tuff of the middle unit (Jdf)
is least mature; the lowest unit (Jvc) is intermediate in these
characteristics. Stratigraphic relationships of the three units
are poorly known because they contain few fossils, their
contacts are gradational and(or) structurally moditied
(Fig. 3, 4), and locally they resemble cach other and other
units. It is likely that rocks mapped as one unit include rocks
of another, particularly where traverse density was low. All
three units are at least partial facies equivalents of volcanic
units (e.g., Fig. 5), and commonly include pyroclastic rocks
or flows.

Basement rocks
Crowded feldspar-phyric basalt (unit PTh)

Crowded feldspar-phyric basalt of probable Late Triassic or
older age underlies an area between the Nelson glaciers and
South Willoughby Creek. Typically, aligned feldspar pheno-
crysts outline discontinuous centimetre- to decimetre-sized
irregular to subround shapes (Fig. 6) but the unit is otherwise
massive. Contacts with bounding Upper Triassic and(or)
Lower Jurassic clastic units are faulted and the age of the unit
is inferred from the presence of distinctive basalt clasts of unit
PTb in conglomerate of the bounding units, and from prob-
able interfingering of the volcanic and Upper Triassic clastic
rocks north of Willoughby Glacier.

Upper Triassic volcaniclastic rocks (unit Tv)

A belt of Upper Triassic volcaniclastic rocks bounds the
feldspar-phyric basalt to the west. Rocks near the Cambria
fault at Entrance Peak may be dextrally-offset cquivalents.
Silty mudstone, siltstone, sandstone, and local conglomerate
and debris flow conglomerate are typical but locally are
difficult to distinguish from Jurassic rocks. Contacts between
Triassic and Jurassic rocks have been structurally modified.

C.J. Greig et al.

Bedding across these contacts is discordant, and north of
Willoughby Glacier, stratigraphic facing directions are
opposed (Fig. 4, section OP). The contact is likely an
unconformity or a normal fault, but the data are equivocal.

It is possible that the unit is partly equivalent to the lower
Lower Jurassic clastic unit. If so, the Upper Triassic unit may
be slightly older than, but correlative with, the Jack formation
of Henderson ct al. (1992). Bivalves of probable Late Norian
age (H.W. Tipper, pers. comm., 1993) were collected from
two localities near Willoughby Glacier.

Andesite/dacite lapilli and ash tuff (unit Jt)

A thick (>1000 m) and very weakly stratified, dark greenish-
grey, lapilli and ash crystal-lithic tuff underlies the lower
slopes of Bear River Pass. It contains common intermediate
to felsic volcanic lithic lapilli and chloritized fiamme, and is
dacitic to andesitic (Fig. 7). Its base is not exposed but it is
conformable with overlying felsic volcanic rocks. The tuff is
not recognized southwest or northeast of the Bear River Pass,
across the Bitter Creek and Cornice Mountain antiforms. Its
distribution to the northwest is unknown. Much thinner,
muddy debris flow conglomerates common within Hazelton
Group on the limbs of the Bitter Creek and Cornice Mountain
structures (parts of units Jdf and Jd) may be facics equivalents
because they contain angular intermediate to felsic volcanic
clasts. If so, the locus of facies change coincides with and
localized regional structures. Tuff deposition probably also
reflects pronounced local subsidence; overlying upper Lower
and Middle Jurassic clastic rocks suggest deposition in an
environment of subdued local relief. The Bear Pass tuff
represents a restricted, synvolcanic basin rather than a
constructional volcanic edifice.

Lower Jurassic volcaniclastic rocks (unit Jvc)

The unit occurs in two belts: one bounds Triassic or older
basalts on the east, and the other occurs in the core of the Bitter
Creek antiform. Weakly calcareous arkosic sandstone, silt-
stone, muddy debris flows and volcanic debris flows, and
local limestone and polymict conglomerate are typical, and
the rocks are commonly Fe-carbonate altered. Conglomerate
is discontinuous and minor but widespread, and its diverse
clast compositions distinguish it from conglomerate in other
units. It contains abundant feldspar-phyric volcanic clasts,
probably derived from the Triassic or older basalt, common
coralline limestone boulders, and scattered plutonic cobbles.
The conglomerate may be the expression of latest Triassic-
carliest Jurassic deformation and uplift recognized elsewhere
in Stikinia (e.g., Brown and Greig, 1990; Greig, 1992; Greig
and Gehrels, 1992; Henderson et al., 1992; Anderson, 1993).

Maroon feldspathic pyroclastic and epiclastic rocks
(unit Jm)

Interbedded maroon, lavender, purple, or green feldspathic
pyroclastic and volcaniclastic rocks locally are useful marker
units. Where traverse density allowed, pyroclastic (unit Jmp)
and cpiclastic (unit Jme) facies werc recognized.
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Figure 2. Geology of the Cambria Icefield area.
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Epiclastic rocks consist of poorly to moderately well
stratified and sorted conglomerate (Fig. 8), sandstone, silt-
stone, and mudstone, all cemented by patchy carbonate. Clast
compositions are dominantly volcanic, with very fine grained
felsic volcanic clasts conspicuous and common. Andesitic or
basaltic, hornblende- or pyroxene-phyric pyroclastic rocks
are massive, crystal-lithic lapilli tuff-breccia, coarse to fine
lapilli tuff and ash. Oxidization and alteration of the unit are
common.

The epiclastic rocks resemble the Betty Creek Formation
of Grove (1986), but unlike these rocks in eastern Iskut map
area (Anderson, 1993), the Cambria Icefield equivalents have
no unique stratigraphic position within the Lower Jurassic
succession.

Pyroxene-bearing volcanic and volcaniclastic rocks
(unit Jp)

Dark green, pyroxene- and plagioclase-phyric pyroclastic and
volcaniclastic rocks are common and distinctive in the upper
Hazelton Group. They are locally interbedded with felsic
volcanic rocks (unit Jd) and are a significant component of
the maroon unit (unit Jm). Commonly amygdaloidal lapilli
tuff-breccia (Fig. 9), lapilli and ash tuff, as well as local flows,
volcanic debris flows, and rare pillowed basalt make up the
unit. Pyroxene phenocrysts are typically 2-3 mm in diameter
but reach 0.5 cm. Clastic rocks include pyroxene arkosic
litharenite, mafic siltstone, and local volcanic conglomerate.
Northeast of Sutton Glacier, coarse lapilli tuff contains mafic
plutonic fragments.

Near Mount Gladstone, the mafic volcanic unit is trace-
able across the Bitter Creek antiform to a mainly clastic
section to the west. This suggests that the clastic rocks on the
west flank of the Bitter Creek structure (and east of Bitter
Creek) are a facies equivalent of volcanic rocks east of the
structure and constrains kinematics on associated structures.

Felsic volcanic rocks (unit Jd)

Dacite, dacitic andesite, and rhyolite correlated with the
Mount Dilworth Formation (Alldrick, 1993) occur near the
top of the volcanic part of the Hazelton Group, where they
commonly delineate the basement-cover contact. They are
widespread, commonly interfingering with limy mudrocks of
units Jdf and Jc, but in bodies too small to show on Figure 2.
The felsic rocks weather distinctively pale grey to white and
are commonly rusty due to disseminated pyrite. Lithic lapilli
tuff and lapilli tuff-breccia are most common. Ash and dust
tuff, and flow-foliated and flow-folded flows and flow
breccias occur locally. Pillowed flows are rare. About 6 km
east of Mount Andreas Vogt, felsic flows and flow-breccias
are continuous with their intrusive counterparts.

Hornblende feldspar-phyric volcanic rocks (unit Jh)

In many places, very resistant, massive (amygdaloidal) homn-
blende feldspar-phyric dacitic andesite or andesite flows,
flow-breccias and coarse crystal lithic lapilli to lithic crystal
ash tuff are associated with the felsic volcanic rocks described
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STRUCTURE

Several domains and their bounding structures are distin-
guished on the map of structural elements (Fig. 3) and on
cross-sections (Fig. 4). The northeast-trending Cambria
fault separatcs domains containing structurcs of different
vergence. The fault probably was the locus of limited pre-
Tertiary(?) right lateral displacement; the crosscutting
Tertiary(?) Nelson glaciers dyke swarm is apparently not
offset across it.

Northwest of the fault, the domain is characterized by
structurcs with southwest vergence on the northeast and
northeast vergence on the southwest. It is a broad structural
culmination comprising a central, relatively undeformed area
underlain primarily by volcanic rocks (North Cambria and
Todd icefields), and flanking, more strongly deformed areas
(limbs) to the southwest and northeast underlain by clastic,
well-bedded rocks. In the central area, gentle to moderate
dips prevail and the basement-cover contact is deformed into
broad, open folds. On the limbs, typical smaller-scale, tight
and overturned folds arc parasitic to the larger scale, base-
ment-cored, central structure. Although the magnitude of
shortening on the limbs is difficult to estimate, it appears to
be much greater on the southwest, where overturned folds and
thrust (or reverse) faults duplicate stratigraphy. On the north-
east, folds are less common and stratigraphic overlap is small.
The boundaries between the central culmination and the limbs
are coincident with faulted antiforms, the Bitter Creek and
Cornice Mountain antiforms (Fig. 4). Corrclations of
pyroxene-bearing volcanic rocks, discussed above, suggest
that strike-slip displacement on the Bitter Creck structure,
manifested in small-scale structures, is minimal. Alter-
natively, if a large scale structure is present, it lies west of the
mafic volcanic rocks.

Southeast of the Cambria fault, southwest-verging struc-
tures dominate. In the northeasternmost part (section OP,
Fig. 4), partly underlain by Upper Triassic and older rocks,
structures are complex and may record a polyphase history,
perhaps involving Triassic-Jurassic deformation similar to
that observed near Kinskuch Lake (Greig, 1992). In this area,
however, Hazelton Group rocks have also been affected by
both northeast- and younger(?) southwest-vergent structures
(Fig. 3). Southwest-directed shortening dominates here,
compared to the domain on the northwest (cf. sections 1J and
ST). The rcason for this is uncertain, but speculatively, the
Cambria fault may be a tear fault separating fold-thrust
subsystems within the Skeena fold belt.

Basement and cover structural styles are dissimilar.
The apparent disparity in magnitude of shortening is prob-
ably accommodated by detachments within the lower part
of the cover sequence (e.g., section ST), by thrust faults
within the basement (e.g., the thrust near the South Flat
Glacier), and by detachments beneath basement culminations
(Evenchick, 1991).

C.J. Greig et al.

DISCUSSION

The stratigraphic position and distribution of the mafic vol-
canic rocks (e.g., units Jp and Jd) are important in mineral
exploration and for Early Jurassic tectonics. Their discon-
tinuous distribution down the southwest margin of the icefield
to west of Homestake Ridge permits a speculative correlation
with mafic volcanic rocks mapped by Alldrick et al. (1986)
along strike west of Kitsault River valley (Fig. 1). Although
Alldrick et al. (1986) correlated them with mafic rocks east
of the Kitsault Valley, mafic rocks there occur at the base of
a very thick section of Hazelton Group rocks and may be as
old as Upper Triassic (Cordey et al., 1992). Mafic rocks west
of the valley are likely much younger.

If so, the area underlain by upper Hazelton Group volcanic
rocks is considerably expanded. The strata host the nearby
Torbrit, Dolly Varden, and Kit stratiform base metals depos-
its, and more precious metals-rich occurrences such as Red
Mountain and Homestake Ridge. If the mafic rocks west of
Kitsault River are part of the upper Hazelton Group, it would
support the view that the Anyox pendant, which includes
mafic volcanic and Jurassic (Goutier et al.,, 1990) clastic
rocks, is part of Stikinia. It follows that the Anyox massive
sulphide deposit might be similar in age to the Torbrit, Dolly
Varden, and Kit deposits, and(or) to those at Granduc(?) and
Eskay Creek (Anderson et al., 1993).

CONCLUSIONS

1. Lower Jurassic Hazelton Group volcanic and volcani-
clastic rocks, with a common bimodal composition, un-
derlie much of the Cambria area and possibly overlie
previously deformed Upper Triassic and older volcanic
and clastic rocks. A shallow marine arc or extensional arc
setting is indicated.

2. Mafic, pyroxene-rich volcanic rocks are an important part
of the succession and their recognition has consequences
for regional metallogeny and tectonics.

3. The volcanic rocks are overlain by a Middle and Upper
Jurassic clastic succession characterized by increasing
sedimcentological maturity upsection and a westerly
provenance.

4. Middle Jurassic and younger and Tertiary plutons intrude
the successions; the Jurassic plutons, particularly the por-
phyritic Goldslide intrusions, are altered and associated
with mincral deposition (such as at Red Mountain), and
predate inception of the Cretaccous Skeena Fold Belt,

5. Apparent disparity in magnitude of shortening between
cover and basement reflects differences in structural style
that are attributable to contrasts in lithologic competency.

6. Mineral deposition at Red Mountain is Early Jurassic
based on: intrusive relations and age of the spatially
associated Goldslide pluton; occurrence of pyritic
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volcanic rock fragments and sulphide clasts in Lower to
Middle Jurassic clastic units; and pre-kinematic structural
setting of host rocks and mineralization. An Early Jurassic
age for the deposit is consistent with its setting in a mining
district characterized by a widespread Early Jurassic
mineralizing event.
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Recent basaltic volcanism in the Iskut-Unuk rivers
area, northwestern British Columbia

S. Hauksdéttir!, E.G. Enegren?, and J.K. Russell!
Cordilleran Division

Hauksdottir, S., Enegren, E.G., and Russell, J.K., 1994: Recent basaltic volcanism in the
Iskut-Unuk rivers area, northwestern British Columbia; in Current Research 1994-A; Geological
Survey of Canada, p. 57-67.

Abstract: The Iskut-Unuk rivers arca contains eight Recent volcanic centres comprising alkali-basalt
lava flows, pillow lava, hyaloclastite and cinder cones, including: the Iskut River, Tom MacKay Creek,
Snippaker Creck, Cone Glacier, Cinder Mountain, King Creek, Second Canyon and Lava Fork centres.
Lava tlows range trom 70 000 to ~150 years. The oldest volcanic rocks underlie the Iskut River Lava Flats
and the youngest occur at the Lava Fork centre. The lavas erupted from cach centre are similar in
mineralogy. Most contain plagioclase and olivine phenocrysts and clinopyroxene occurs as a groundmass
phase. Plagioclase megacrysts characterize lavas from a number of volcanic centres, but are particularly
abundant in lavas from Snippaker Creek and Cone Glacier. Crustal xenoliths are abundant in Lava Fork
and Cone Glacier lavas but less common elsewhere. Many of the volcanological features are attributable
to volcanic eruptions occurring near and beneath glaciers.

Résumé : La région des rivieres Iskut ct Unuk renferme huit centres volcaniques actifs a 1’Holocéne
ayant émis des basaltes alcalins sous forme de coulées massives, de coulées en coussins, d’hyaloclastites
ct de cones de scories. Ces centres ont pour nom : Iskut River, Tom MacKay Creek, Snippaker Creck, Cone
Glacier, Cinder Mountain, King Creek, Second Canyon et [Lava Fork. L’4ge des coulées de lave varie de
70 000 & environ 150 ans. Les roches volcaniques les plus anciennes gisent sous les plaines de lave de la
riviére Iskut et les plus récentes se trouvent au centre de Lava Fork. Les laves éjectées de chaque centre ont
des minéralogies semblables. La plupart conticnnent des phénocristaux de plagioclase et d’olivine sertis
dans une matrice a clinopyroxéne. Des mégacristaux de plagioclase caractérisent les laves de plusicurs
centres volcaniques, mais sont particuliérement abondants dans les laves des centres de Snippaker Creck
et de Cone Glacier. Des xénolites de matériel crustal abondent dans les laves de Lava Fork et de Cone
Glacier, mais sont plus rarcs ailleurs. Un grand nombre de caractéristiques volcanologiques sont attribuables
a des éruptions volcaniques sc produisant a proximité ou au-dessous de glaciers.

! Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver,
British Columbia V6T 2B4

2 Hydroelectric Engineering Division, B.C. Hydro, 6911 Southpoint Drive, Podium A02, Burnaby,
British Columbia V3N 4X8
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INTRODUCTION

The Stikine Volcanic Belt includes a number of relatively
small Recent cones and related lava fields along with three
large compositionally diverse volcanic complexes: Level
Mountain (Hamilton, 1981), the Edziza-Spectrum Complex
(Souther, 1989) and Hoodoo Mountain (Souther, 1990a;
Edwards and Russell, 1994). Souther (1990b) named the
Recent cinder cones and lava flows scattered south of the
Iskut River the Iskut-Unuk River Cones (Fig. 1). Volcanoes
within the Stikine Volcanic Belt are disposed along several
short en échelon segments. Souther (1990a) suggested that
the southern part of the belt where the Iskut-Unuk rivers
volcanic rocks are located is associated with north-trending

- Stikine Volcanic Belt
volcanoes )
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Figure 1. Location of the Iskut-Unuk rivers volcanic
centres within the Stikine Volcanic Belt (after Souther and
Yorath, 1991).
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extensional structures. These structures probably developed
inresponse to shear along the adjacent, transcurrent boundary
between the continent and the Pacific plate.

The Iskut-Unuk rivers volcanic assemblage includes eight
volcanic centres named after their geographic locations: the
Iskut River, Tom MacKay Creek, Snippaker Creek, Cone
Glacier, Cinder Mountain, King Creek, Second Canyon and
Lava Fork centres. These Recent lava flows and pyroclastic
deposits mostly occupy topographic lows (e.g., stream val-
leys) and mineralogically and chemically are alkali-olivine
basalts (Grove, 1974; D.A. Brew, pers. comm., 1990).
Recent volcanism in the Iskut-Unuk rivers area spanned
70 000 to ~150 B.P. (B.C. Hydro, 1985).

In 1989 Stasiuk and Russell (1990) visited and sampled
most of the Iskut-Unuk rivers volcanic centres. We designed
the 1993 field season to complete the sample collection and
to ascertain field relationships among volcanic units within
each centre. Appendix 1 lists the representative samples and
their locations. Crustal xenoliths are common in these vol-
canic rocks and special efforts were made to collect samples
of these diverse materials (Appendix 2). Lastly, unconsoli-
dated basaltic ash was sampled at three locations; pertinent
details are given in Appendix 3.

Based on these samples and those collected previously
(Stasiuk and Russell, 1990), we are directing future research
towards: i) characterizing the chemistry and mineralogy of
cach centre; i1) investigating source-region processes related
to the Iskut-Unuk rivers magmatism; iii) identifying the
styles of magmatic differentiation within and between each
volcanic centre; and iv) evaluating the role and mechanisms
of assimilation.

PREVIOUS WORK

The two southernmost centres, Lava Fork and Second Canyon
were briefly noted by workers in the early part of this century
(Wright, 1906). Regional mapping programs provided first
descriptions for the majority of volcanic centres in the Iskut-
Unuk rivers arca. Kerr (1948) mapped the Recent flows
occurring along Iskut River. Grove (1974) visited and sam-
pled most of the Recent volcanic centres. His work currently
represents the only published chemical analyses for Iskut-
Unuk rivers volcanic rocks; he published major and trace
element data for volcanic rocks from six centres. Grove’s
(1986) compilation for the Unuk River-Salmon River-Anyox
area also gave distributions of Recent volcanic rocks, for the
Iskut-Unuk rivers area and beyond.

The most detailed mapping of Iskut-Unuk rivers volcanic
centres was conducted by B.C. Hydro, between 1982 and
1984, as a part of their Iskut Canyon and More Creek projects
(B.C. Hydro, 1985). This largely unpublished work mainly
concermed the Recent volcanic stratigraphy of the area and
included 1:50 000 and 1:10 000 scale geological mapping,
J4C and K-Ar dating of units and diamond drilling of the Iskut
River lava flows. Later regional geological maps (Britton et
al., 1988, 1989; Read et al., 1989) include distributions of
Recent volcanic rocks in the Snippaker Creek and Unuk River
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Figure 2. Distribution of volcanic material in the Iskut River and Tom MacKay Creek volcanic centres.
Legend distinguishes between lava flows or pillow basalt and cinder cones.

areas. Finally, Elliott et al. (1981) and D.A. Brew (pers.
comm., 1990) described lava flows and stratigraphic relation-
ships from the Lava Fork centre. Souther (1990b) compiled
and summarized much of the information described above.
Stasiuk and Russell (1990) used the maps of previous workers
(Kerr, 1948; Grove, 1986; Elliott et al., 1981) when they
collected samples.

THE ISKUT-UNUK RIVERS CENTRES

This report is a compilation of fieldwork results derived from
the 1993 field season and B.C. Hydro’s Iskut Canyon and
More Creek projects. In particular the ages of the volcanic
units and most of the distributions result from B.C. Hydro’s
research (B.C. Hydro, 1985) and this paper largely corrobo-
rates the existing maps with few exceptions (e.g., Cone
Glacier and Cinder Mountain centres).

Iskut River

Figure 2 shows the distribution of Recent lava flows along
Iskut River and three proposed vents which have produced
both lavas and cinder. The Iskut River canyon cuts down
through at least 10 thick, subaerial lava flows and immedi-
ately south of the canyon, these flows form the Iskut River
Lava Flats (B.C. Hydro, 1985). At least two younger lava
flows can be traced across the Lava Flats (i.e., they overlie
older flow surfaces) (B.C. Hydro, 1985). Contacts between
these younger lavas and those making up the majority of the
Lava Flats are partly marked by differences in vesicularity
between the base of one flow and the top of the other. All of
the flows observed are porphyritic with plagioclase and oli-
vine phenocrysts, a feature that makes separation of flows in

the field difficult. The surfaces of both these younger flows
and the Lava Flats are vegetated and characteristically cin-
dery, blocky and hummocky which hindered collection of
fresh material (e.g., Sta. 20 and 21).

Flows at the base of the Iskut River Lava Flats are about
70 000 years old, based on K-Ar dating; the overlying basalt
flows are dated ('4C) at 8730 years (Table 1, B.C. Hydro,
1985). Three cinder cones are identified (Fig. 2). The young-
est cone lies to the south and appears to have fed the two
youngest flows. It appears to have repeatedly erupted lava
which dammed both Tom MacKay and Forrest Kerr creeks
(B.C. Hydro, 1985). This inference is based on !4C dating of
plant remains in lake sediments associated with these ephem-
eral dams. These age determinations (Table 1, B.C. Hydro,
1985; Read et al., 1989) suggest lava effusion occurred 3800,
5600 and 6500-6800 years ago; the Iskut River Canyon was
eroded to its present configuration in the last 3600 to
3800 years (B.C. Hydro, 1985). The two youngest flows
have not been successfully dated.

Tom MacKay Creek

Volcanic rocks in the Tom MacKay volcanic centre occur just
east of the Iskut River Lava Flats (Fig. 2) and make up a single
flow unit composed of highly weathered, fragmented pillow
basalt. Individual pillows (Sta. 22) are 20-40 cm in diameter,
very vesicular, radially jointed and commonly have glassy
rinds. The pillow lava locally forms 20-30 m high cliffs.
These thick, restricted accumulations of pillow lava have
probably resulted from volcanic eruption against or close to
ice. No samples were previously collected from this centre
(e.g., Stasiuk and Russell, 1990).
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Snippaker Creek

Recent lava distributions within the Snippaker Creek drain-
age are shown in Figure 3. The lavas outcrop from stream
level to approximately the 1000 foot contour. Representative
samples were collected from three localities including: i) the
southern terminus (Sta. 17), i) along Memorial Creek
(Sta. 1), and iii) within the Snippaker creekbed towards the
northern terminus (Sta. 16). Two flow units were sampled at
each location although more flows were observed in the last
locality. Here (Sta. 16), Snippaker Creek has incised a
narrow, steep-sided canyon through the flow sequence where
at least 6 flow units are exposed, each 3-5 m thick. Contacts
between flow units are marked by changes in vesicularity
between flow tops and scoriaceous flow bases.

Flows from the three localities are indistinguishable.
They have grey, vesicular fresh surfaces and are plagioclase
and olivine porphyritic; phenocrysts range in size from 0.1 to
1 cm. Previous work has suggested that the vent to these lavas
lies upstream of the confluence of Memorial Creek and
Snippaker Creek (B.C. Hydro, 1985). The northern terminus
of these flows abuts against lavas of the Iskut River Lava Flats
and both sets of lavas are plagioclase and olivine porphyritic
and indistinguishable in hand sample (B.C. Hydro, 1985).

Cone Glacier

The Cone Glacier volcanic centre comprises two prominent
cones and several lava flows (Fig. 4). Lava flows emanate
from the Cone Glacier area, cover a portion of Snippaker
Creek (to the west) and underlie Julian Lake and the King
Creek drainage (to the south). Near the western terminus of
the flows only 1-3 flows are exposed and some overlie till or
river gravel (B.C. Hydro, 1985). Lava flow surfaces are

385000

8282000

00016¢€

8272000

Figure 3. Distribution of Recent volcanic rocks for the
Snippaker Creek centre. Legend is as in Figure 2.

Table 1. Summary of radiometric age determinations of Iskut-Unuk rivers

volcanic centres.

Notes

Reference

Centre Date (yrs) Method
Iskut River 70,000+30 000 K-Ar
Iskut River 10,000+10 000 K-Ar
Iskut River 8780+150 “C
Iskut River 8730+600 “C
Iskut River 6800+160 “c
Iskut River 6500+160 “c
Iskut River 5400+160 “C
Iskut River 3970120 “C
Iskut River 3930+80 “C
Iskut River 3800+160 “C
Iskut River 3660+90 “C
Iskut River 3540470 “C
Iskut River 2610+70 “C
Iskut River 253575 "“C
iskut River 2555160 “C
Cinder Mountain  33,000+2400 “C
Lava Fork >70,~150 Tree ring
Lava Fork >350 Tree ring
Lava Fork 36060 “C
Lava Fork ~130 “c

Basal flow 1 from Lava Flats
Flow 2 on top of flow 1

Cinder on top of flow 2
Cinder on top of flow 2
Damming Tom MacKay Creek
Damming Tom MacKay Creek
Damming Tom MacKay Creek
Damming Forrest Kerr Creek
Damming Forrest Kerr Creek
Damming Tom MacKay Creek
Damming Forrest Kerr Creek
Damming Forrest Kerr Creek
Damming Forrest Kerr Creek
Youngest ash deposit
Youngest ash deposit

A single lava flow

An estimate of top flow

An estimate of second flow
On surface of one of flows
On "the lower flows"

B.C. Hydro (1985)
B.C. Hydro (1985)
Read et al. (1989)
B.C. Hydro (1985)
B.C. Hydro (1985)
B.C. Hydro (1985)
B.C. Hydro (1985)
B.C. Hydro (1985)
Read et al. (1989)
B.C. Hydro (1985)
B.C. Hydro (1985)
Read et al. (1989)
Read et al. (1989)
B.C. Hydro (1985)
B.C. Hydro (1985)
B.C. Hydro (1985)
B.C. Hydro (1985)
B.C. Hydro (1985)
Elliott et al. {1981)
Grove (1986)
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blocky and heavily vegetated except above 3500 feet on the
saddle immediately in front of Cone Glacier. The recent
retreat of Cone Glacier has left the lava exposed and striated.

Cone Glacier takes its name from a 300 m high, well-
exposed volcanic cone (west cone) of grey cinder, hyalo-
clastite and basaltic ash (Appendix 3). At the northern side
of west cone the lowest unit is pillow lava. The pillows are
radially jointed and have glassy rinds and a concentric distri-
bution of vesicles. Hyaloclastite breccia overlies the pil-
lowed lava and consists of fragments of lava and glass in a
brown-gold coloured, devitrified basaltic glass matrix
(palagonitized sideromelane). The majority of pyroclastic
material making up the cone is cinder which represents sub-
aerial eruptions. There are no flows observed which defi-
nitely originate from the vent. The majority of lavas in the
Snippaker Creek drainage probably have a source to the east
of west cone.

S. Hauksdéttir et al.

Another well-dissected and nearly vegetation-free cone of
red cinder and scoria (east cone), northeast of Cone Glacier,
may be the source to the lavas in the Snippaker Creek drain-
age. North of Cone Glacier on the south side of Snippaker
Creek (Sta. 6-9) a cliff provides exposure of up to seven
different flow units. They are generally 2-3 m thick with
scoriaceous and brecciated bottoms and tops. All of the lava
flows are characterized by abundant, coarse (up to 4 cm long)
megacrysts of euhedral glassy feldspar. The lavas also con-
tain phenocrysts of feldspar and olivine, 2-3 mm in diameter.
Cinder and scoria derived from both west and east cones are
mineralogically similar. Diverse crustal xenoliths are found
in most of the lava flows (Fig. 5); the majority are granitic.
For example, the lava flow at Station 15 contains abundant
xenoliths ranging from granitic to grey aphanitic igneous
clasts. The latter suite of clasts is concentrated at the base of
the flow and, therefore, probably was incorporated into the
lava after it was erupted.
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Figure 4. Cone Glacier and Cinder Mountain volcanic centres. Map delineates three vent areas and
lava distributions associated with the two centres. Legend is as in Figure 2.
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King Creek

The King Creek centre dominantly comprises pillow lava and
associated breccia. The lavas are exposed in a steep narrow
creek south of Cone Glacier (Fig. 7) where they form a
40-50 m cliff. The pillow lava and overlying breccia are
exposed from stream-level to about 1070 m elevation (Stasiuk
and Russell, 1990). Individual pillows are commonly sur-
rounded by scoriaceous breccia (Sta. 14). A 1-2 m wide
vertical dyke crosscuts the pillow lavas. As at Tom MacKay
Creek, the restricted extent of thick pillowed lava and associ-
ated breccia suggest that the lava was erupted against or close
to ice.

Second Canyon

The Second Canyon centre comprises a single blocky lava
flow where eruption forced the Unuk River against its eastern
bank (Fig. 8). Subsequent dissection of the lava formed
Second and Third canyons. The walls to these canyons are
15 m high cliffs of columnar jointed basalt lava (B.C. Hydro,
1985). The lava flow overlies fluvial sediments and the
presence of a scoriaceous, flow-structured lava surface sug-
gests that the eruption was postglacial (B.C. Hydro, 1985).
The source to the lava flow is either a tree-covered cone
located at the confluence of Unuk River and Canyon Creek
or on the slope immediately above Canyon Creek, about 4 km
upstream from the same confluence (Fig. 8, B.C. Hydro,
1985). A sample of the flow collected in 1989 (Stasiuk and
Russell, 1990) suffices because all sources agree that there is
only a single flow unit (e.g., B.C. Hydro, 1985; Stasiuk and
Russell, 1990).

Lava Fork

The Lava Fork volcanic centre compriscs basaltic ash and at
lcast three flows, which are exposed at the confluence of Blue
River and Unuk River. Dissection by the Unuk River at the

f
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| 6263000

6280400
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S. Hauksdottir et al.

southern terminus formed the First Canyon (B.C. Hydro,
1985). The distribution of volcanic material shown in
Figure 9 includes undifferentiated cinder and ash deposits as
well as lava flows. A layer of basaltic cinder and glassy ash
covers the lava flows as well as the area to the east towards
Leduc Glacier and Twin John Peaks (Grove, 1986). The
youngest flow erupted from a vent located on a ridge on the
eastern side of Lava Fork valley. The lava flowed south,
along the valley and southeast along Blue River valley, dam-
ming the river and forming Blue Lake. Near the main vent,
the volcanic rocks overly basement rocks, including foliated
biotite-quartz-schist intruded by granodiorite. A possible
vent for the older flows is a tree-covered cinder cone located
4 km downstream of Blue Lake (B.C. Hydro, 1985).

Near its source, the youngest lava flow has ropey pahoe-
hoe surfaces and forms well-developed small lava channels
and lava tubes. Spatter, cinder and ash are abundant around
the vent. Downslope and away from the vent, the flow
surface abruptly changes to aa and splits into two main
streams (north and south forks). The lava streams form large
channels (Fig. 10) with several generations of prominent
levees. Accretionary lava balls are common on the flow
surface of the north fork lava (Sta. 23). They are approxi-
mately 5 m in diameter and consist of a red cinder breccia
coated by massive flow which exhibits radially oriented
irregular jointing. Xenoliths of basement rocks occur in both
the interior and exterior portions of the lava balls.

393000

6253000

8246000

Figure 7. Distribution of King Creek volcanic rocks. Legend

as in Figure 2.

Figure 8. Distribution of volcanic rocks from the Second
Canyon centre. Legend as in Figure 2.

63






DISCUSSION

Recent volcanic rocks within the Iskut-Unuk rivers area are
alkali-olivine basalt lava flows and pyroclastic material.
They are petrographically similar, generally being fine
grained, porphyritic basalts containing phenocrysts of plagio-
clase and olivine. Mecgacrysts (0.5-4 cm) of glassy plagio-
clase arec common; to date they are recognized in lavas from
cvery centre except Second Canyon and Cinder Mountain.
The groundmass comprises plagioclase, olivine, opaque min-
crals, glass and titanaugite. Clinopyroxene is conspicuously
rare as a phenocryst. There are few mineralogical differences
between lavas from different centres. The Cinder Mountain
lavas are distinct in that they typically contain few pheno-
crysts, have a trachytic groundmass, and apparently lack
xenoliths.

The diversity of feldspar habits in the lavas is one of the
more remarkable features of these volcanic rocks. They occur
in a wide variety of sizes (megacryst to microphenocryst),
forms (ecuhedral to corroded), and compositional zonations
(strong oscillatory zoning to unzoned). The extent to which
they are cognate versus xenocrystic is not immediately obvi-
ous, although given the pervasive occurrence of crustal xeno-
lith some of the populations probably relate to assimilation
processes.
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APPENDIX 1

Summary of samples collected for bulk chemical analysis.

Sample  Station Centre Type UT™M Notes

SH9301 1 Snippaker Creek Lava flow 385940, 6277520

SH9302 1 Snippaker Creek Lava flow 385940, 6277520

SH9304 3 Cone Glacier Lava flow 398370, 6270050 Cindery flow
SH0307 4 Cone Glacier Lava flow 398310, 6270050 Cindery flow
SH9309 6 Cone Glacier Lava flow 397650, 6270000

SH9310 6 Cone Glacier Lava flow 397650, 6270000

SH9312 8 Cone Glacier Lava flow 397620, 6269960

SH9313 8 Cone Glacier Lava flow 397620, 6269960

SH9314 ] Cone Glacier Lava fiow 397550, 6269900

SH9315 9 Cone Glacier Lava flow 397550, 6269900

SH9316 9 Cone Glacier Lava flow 397550, 6269900

SH9317 9 Cone Glacier Lava flow 397550, 6269900 Same as SH9309
SH9318 9 Cone Glacier Lava flow 397550, 6269900 Same as SH9312
SH9319 10 Cinder Mountain Lava flow 400380, 6270030 Fractured flow
SH9321 12 Cinder Mountain Dyke 400120, 6269370 Cuts hyaloclastite
SH9322 13 Cone Glacier Lava flow 398580, 6269810

SH9324 14 King Creek Piliow lava 397700, 6261150

SH9326 13 Cone Glacier Lava flow 398580, 6269810

SH9328 13 Cinder Mountain Hyaloclastite 398580, 6269810 Above station 13
SH9331 16 Snippaker Creek Lava flow 386670, 6272820

SH9332 16 Snippaker Creek Lava fiow 386670, 6272820

SH9334 17 Snippaker Creek Lava flow 390820, 6272970

SH9335 18 Cinder Mountain Lava flow 403140, 6274330

SH9336 12 Cinder Mountain Dyke 400120, 6269370 Cuts hyaloclastite
SH9337 20 Iskut River Lava flow 400220, 6287170

SH9338 21 Iskut River Lava flow 398970, 6287480

SH9339 22 Tom MacKay Creek Pillow lava 404130, 6285420

SH9344 24 Lava Fork Lava flow 384600, 6255500 Early channel
SH9345 25 Lava Fork Lava flow 385180, 6254380 Thin flow near vent
SH9346 25 Lava Fork Lava flow 385180, 6254380 Thin flow near vent
SH9347 25 Lava Fork Lava flow 385180, 6254380 Thin flow near vent
SH9353 26 Lava Fork Lava flow 384790, 6255100 Lava channel
SH9354 27 Lava Fork Lava flow 384480, 6254030 Thin flows in cliff
SH9355 28 Lava Fork Lava flow 384450, 6254380 Levee in Southern Fork
SH9358 30 Lava Fork Lava flow 384000, 6255250 Older channel levee
SH9359 30 Lava Fork Lava flow 384000, 6255250 Younger channel levee
SHI360 30 Lava Fork Lava flow 384000, 6255250 Lava channel
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Summary of bulk samples containing abundant or distinctive xenoliths and xenocrysts.

Sample  Station Centre Type UTM Notes
SH9305 3 Cone Glacier Lava flow 398370, 6270050 Talus from flow
SH9306 4 Cone Glacier Lava fiow 398310, 6270050
SH9308 5 Cone Glacier Pyroclastic material 398380, 6270160 Green cinder
SH9311 7 Cone Glacier Lava flow 397570, 6269980 Scoriaceous cinder
SH9320 11 Cinder Mountain Hyaloclastite 400040, 6269420 Talus
SH9323 14 King Creek Pillow lava 397700, 6261150
SH9325 15 Cone Glacier Lava flow 398170, 6269920 Block on top flow
SH9327 13 Cone Glacier Lava flow 398580, 6269810
SH9329 13 Cinder Mountain Dyke 398580, 6269810 Cuts hyaloclastite
SH9330 13 Cinder Mountain  Pillow lava 398580, 6269810
SH9340 23 Lava Fork Lava ball 384520, 6254700
SH9341 - Lava Fork Bomb 384520, 6254700 Close to station 23
SH9342 - Lava Fork Bomb 384520, 6254700 Close to station 23
SH9343 var. Lava Fork Lava flow - North fork
SH9348 var. Lava Fork Lava flow - North fork
SH9351 - Lava Fork Granodiorite - Basement rock
SH9352 - Lava Fork Bt-gtz-schist - Basement rock
SH9356 29 Lava Fork Lava ball 384040, 6255190 Cinder blocks
SH9357 29 Lava Fork Lava ball 384040, 6255190 Cinder blocks
SH9361 30 Lava Fork Lava flow 384000, 6255250 Same as SHI360
APPENDIX 3

Summary of unconsolidated basaltic ash samples.
Sample Description UTM Location Notes
SH9303 Reworked by glacial outwash 398090, 6269720 Station 2 at front of Cone Glacier
SH9350 In situ ash fall deposit - Northwest of Lava Fork vent
JKR1 Loose reworked ash on surface 397325, 6271075  Surface of a southeast facing

of a Nickel Mountain glacier

glacier on Nickel Mountain
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Preliminary stratigraphy of Hoodoo Mountain
volcanic centre, northwestern British Columbia

B.R. Edwards! and J.K. Russell!
Cordilleran Division

Edwards, B.R. and Russell, J.K., 1994: Preliminary stratigraphy of Hoodoo Mountain volcanic
centre, northwestern British Columbia; in Current Research 1994-A; Geological Survey of
Canada, p. 69-76.

Abstract: Hoodoo Mountain volcanic centre is a complex edifice consisting of multiple trachyte lava
flows and domes interlayered with pyroclastic rocks and deposits. Aphanitic trachyte flows and hyaloclastite
are the oldest volcanic units; they underlie sequences of welded and unwelded pyroclastic flows, and
aphanitic domes and lavas. Porphyritic trachyte lavas with up to 20% anorthoclase phenocrysts cap the
entire volcanic sequence. Little Bear mountain volcanic centre lies immediately north of Hoodoo Mountain
and consists of basalt, basaltic breccia, hyaloclastite, and crystal lithic tuff. Stratigraphy and radiometric
dates (Souther and Yorath, 1991) suggest volcanic activity was interspersed with glacial activity over at
least the past 110 000 years. The youngest lava flows erupted after the last major glaciation in this region.
Hyaloclastite deposits at Hoodoo Mountain and at Little Bear mountain are interpreted as products of
subglacial eruptions.

Résumé : Le centre volcanique de Hoodoo Mountain est un édifice complexe composé de multiples
démes et coulées de trachyte interstratifiés avec des roches et des sédiments pyroclastiques. Les coulées de
trachyte aphanitique et les hyaloclastites sont les unités volcaniques les plus anciennes; elles sont
sous-jacentes a des séquences de coulées pyroclastiques soudées et non soudées, et & des domes et laves
aphanitiques. Des trachytes porphyriques contenant jusqu’a 20 % de phénocristaux d’anorthose constituent
I’'unité sommitale de la séquence volcanique. Le centre volcanique de Little Bear Mountain se situe
immédiatement au nord du mont Hoodoo et se compose de basalte, de bréche basaltique, d’hyaloclastite et
de tuflithique a cristaux. La stratigraphie et les datations radiométriques (Souther et Yorath, 1991) suggérent
que I’activité volcanique alterne avec 1’activité glaciaire depuis 110 000 années au moins. Les plus récentes
coulées ont ét¢ mises en place aprés la derniére grande glaciation de cette région. On considére les dépdts
d’hyaloclastites des centres de Hoodoo Mountain et de Little Bear Mountain comme le produit d’éruptions
sous-glaciaires.

: Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver,
British Columbia V6T 2B4
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INTRODUCTION

Hoodoo Mountain and Little Bear mountain are situated
120 km northwest of Stewart, British Columbia, near the
Alaskan border. Hoodoo Mountain (UTM centre 360000E/
6295000N) is a symmetrical volcanic dome rising 1800 m
above the north bank of the Iskut River, 30 km east of its
Jjunction with the Stikine River, in northwestern British
Columbia (Fig. 1). It is 6 km in diameter and has an ice cap
4 km in diameter. Valley glaciers bound Hoodoo Mountain
on both sides: Hoodoo Glacier on the west and Twin Glacier
on the east (Fig. 2). The edifice is forested on its lower slopes
except on the northeastern corner. Because of its relatively
flat summit, Hoodoo Mountain has been described as a tuya,
or subglacial volcano (Souther, 1990).

Little Bear mountain (UTM centre 359500E/6297500N)
lies immediately north of Hoodoo Mountain and forms the
southeastern end of a ridge separating the northwestern por-
tions of Twin and Hoodoo glaciers. It is an asymmetric
volcanic edifice trending 20 degrees west of north, is 2 km
along its axis, and rises 120 m above the surface of Twin
Glacier to an elevation of 1220 m. It has a narrow summit on
the northern end which broadens to a flat saddle in the middle
and slopes gradually down to the south fork of the upper
Hoodoo River. It is forested on its lower western flank, but
has only minor vegetative cover above 900 m.

Little previous geological mapping has been done on these
volcanic features, although Kerr (1948) described Hoodoo
Mountain as "...one of the most magnificent and interesting
mountains in northern B.C." in his memoir on the Lower
Stikine and Iskut rivers. He recognized an older series of
aphyric lavas, voluminous sanidine-porphyritic lavas, and
younger aa flows. He also described pyroclastic rocks,
glacial till, and fluvial/lacustrine deposits interlayered with
some of the lava flows, although none of these units were
distinguished on his map of the Iskut area. Hoodoo Mountain
lavas were also studied by Souther (1990), who recognized
pantellerite and comenditic trachyte as important rock types.
Two samples analyzed for major and trace element geochem-
istry by M.L. Bevier and B. Cousens (unpub. data, 1992) are
peralkaline (normative acmite), undersaturated (normative
nepheline) trachytes. No work has been done on the basaltic
units at Little Bear mountain.

REGIONAL SETTING

Both the Hoodoo Mountain and Little Bear mountain vol-
canic centres are built upon a basement of Jurassic metamor-
phic rocks. The older country rocks are dominantly
intermediate to mafic metavolcanic rocks with minor meta-
sedimentary rocks and small intrusions (Kerr, 1948; Fillipone
and Ross, 1989; Anderson, 1993). They are representative of
the Stuhini arc assemblage, part of Stikinia (Fillipone and
Ross, 1989; Anderson, 1993). The basement rocks form a
ridge to the north of both mountains, separating the north-
western ends of Twin and Hoodoo glaciers (Fig. 2). Fillipone
and Ross (1989) mapped the basement rocks on the ridge as
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mainly mafic to intermediate volcanic rocks and recognized
basalt, trachyte, and agglomerate as part of the Hoodoo vol-
canic rocks. Fragments of these rocks rarely occur as xeno-
liths in volcanic rocks from both centres.

The Hoodoo Mountain and Little Bear mountain volcanic
centres define the southwestern edge of the Stikine Volcanic
Belt (Fig. 1). The Stikine Belt extends north from the Iskut
River area up to Level Mountain and includes Mount Edziza
and the Spectrum Range volcanic rocks (Souther and Yorath,
1991). The largest volcanoes of the belt, Level Mountain and
Mount Edziza, comprise volcanic plateaus of valley-filling
basalt lava flows capped by smaller silicic volcanoes
(Hamilton, 1981; Souther, 1992).
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Figure 1. Location of Hoodoo Mountain in the southern
Stikine Volcanic Belt (after Fig. 10.14, Souther and
Yorath, 1991).



GEOLOGICAL MAPPING

The geology of Hoodoo and Little Bear mountains (Fig. 2)
was mapped, compiled and produced at 1:25 000 scale. Sev-
eral geographic localities were given informal names (Fig. 2
inset). These include: NW flow, SW tlow, Slide canyon, the
bowl, the hook, valley of the hook, Pointer ridge, Ship rock,
Long valley, lake Hoodoo, south fork of upper Hoodoo River,
and Little Bear mountain.

B.R. Edwards and J.K. Russell

The results reported here are based on field work com-
pleted between July and August of 1993 as part of the Iskut
map area regional mapping project. The geological map and
stratigraphic relationships between volcanic units form the
basis for future petrogenetic-oriented studies of the Hoodoo
Mountain volcanic centre. One-hundred and eighty samples
were collected for petrographic and geochemical analysis.
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Figure 2. Geological map of Hoodoo Mountain volcanic centre. Inset map gives location names

referred to in the text.
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CONCLUSIONS

Hoodoo Mountain volcanic centre has a complex history
marked by pyroclastic eruptions, lava flows, and subglacial
eruptions of peralkaline magmas. The aphanitic trachyte lava
flows are strongly jointed and intimately associated with
hyaloclastite, which suggests the early history of the centre
was dominated by subglacial volcanism. Welded and non-
welded pyroclastic flows mark a period of explosive volcan-
ism. The well preserved lava levees, flow breccia, and aa lava
flows of porphyritic trachyte formed after the last major
glaciation of the Iskut River valley. The adjacent basaltic
Little Bear mountain volcanic centre also has ice contact
features. The styles of volcanism at Hoodoo Mountain and
Little Bear mountain are consistent with those observed at
other volcanic centres in the Stikine Volcanic Belt, as is the
basalt-trachyte alliance. The possible genetic ties between
the basaltic centre of Little Bear mountain and the peralkaline
edifice of Hoodoo Mountain, as well as the relationship
between these volcanic centres and the other volcanoes in the
Stikine Belt, are subjects of future investigations.
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Geology and origins of the Zippa Mountain
igneous complex with emphasis on the Zippa
Mountain pluton, northern British Columbia
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Lueck, B.A. and Russell, J.K., 1994: Geology and origins of the Zippa Mountain igneous complex
with emphasis on the Zippa Mountain pluton, northern British Columbia; in Current Research
1994-A; Geological Survey of Canada, p. 77-85.

Abstract: The Zippa Mountain igneous complex comprises three petrologically distinct latest Triassic
intrusions: the Zippa Mountain syenite-pyroxenite, Mount Raven diorite, and Seraphim Mountain granite plutons.

Zippa Mountain pluton, a concentrically-zoned, silica undersaturated, bimodal mafic and felsic intrusion
intrudes Paleozoic and Triassic rocks of Stikinia and is dominated by syenite, melasyenite, and pyroxenite.
Pyroxenite occurs at the pluton margins and grades from mafic syenite to a core of K-feldspar syenite.
Acgirinc-augite, zoned K-feldspar, biotite, vishnevite-cancrinite, and melanite (Ti-bearing andradite) are
major igncous phases accompanied by accessory titanite and apatite. Vishnevite-cancrinite, a complex
sulphate- and carbonate-bearing aluminosilicate solid-solution phase, commonly replaced nepheline or leucite.

Trachytic K-feldspar and aligned aegirine-augite crystals and vishnevite-cancrinite-, melanite-, and
pyroxcne-rich layers in the syenite and pyroxenite define a widespread fabric which, with associated
petrographic textures, are interpreted to be cumulate features.

Résumeé : Le complexe igné de Zippa Mountain englobe trois intrusions pétrologiquement distinctes,
datées du Trias terminal: la syénite-pyroxénite de Zippa Mountain, la diorite de Mount Raven et les plutons
granitiques de Seraphim Mountain.

¢ pluton de Zippa Mountain, qui est une intrusion sous-saturée en silice, bimodale (mafique et felsique), a
zonation concentrique, traverse les roches paléozoiques ct triasiques de la Stikinie; il contient principalement de
ia syénitc, de la mélasyénite et de la pyroxénite. La pyroxénite se trouve sur les marges du pluton et passe vers
I'intérieur 2 une syénite mafique et aun noyau de syénite a feldspath potassique. L’augite aegyrinique, le feldspath
potassique zoné, la biotite, la cancrinite de variété vishnévite, ct la mélanite (andradite titanifére) constituent les
phases ignées principales et sont accompagnés de titanite et d’apatite en quantités accessoires. La cancrinite de
variété vishnévite, phase complexe représentée par une solution solide alumino-silicatée contenant des sulfates
ct des carbonates, remplagait souvent la néphéline ou la leucite.

Dans la syénite et Ja pyroxénite, la texture trachytique définit par les cristaux de feldspath potassique,
les cristaux alignés d’augite aegyrinique, ainsi que les couches riches en cancrinite de variété vishnévite,
cn mélanite et en pyroxéne, définissent une fabrique trés répandue qui, de concert avec les textures
pétrographiques associécs, suggérent une origine de cumulat.

! Mincral Deposit Research Unit, Department of Geological Sciences, University of British Columbia,
6339 Stores Road, Vancouver, British Columbia V6T 174
Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver,
British Columbia V6T 174
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INTRODUCTION

The Zippa Mountain pluton (Fig. 1) occurs in the Iskut River
map area, in northern British Columbia (NTS 104B/11),
about 10 km southwest of the confluence of the Iskut and
Craig rivers. The Mount Raven and Seraphim Mountain
plutons are younger, latest Triassic, spatially and temporally
associated intrusions (Fig. 2). Together with the Zippa
Mountain pluton, they encompass the Zippa Mountain igne-
ous complex. These plutons intrude complexly deformed and
metamorphosed Paleozoic limestone and calcarcous siltstone
of Stikinia.

The Zippa Mountain pluton is elliptical in shape and
outcrops over a 3.5 by 5 km area. The intrusion is zoned,
layered, characterized by well-developed planar mineral fab-
rics, and, based on modal mineralogy, is strongly silica un-
dersaturated. These attributes are found in a significant
number of other Cordilleran alkaline intrusions (cf.
Woodsworth et al., 1991; Lueck et al., 1993). For example,
Mesozoic alkaline plutons that are zoned from syenite to
pyroxenite, trachytic, and strongly undersaturated occur in
both Stikinia and Quesnellia (Lueck et al., 1993). Specific
occurrences of this type of alkaline intrusion that are well
documented are few but include the Averill (Keep and
Russell, 1992) and Rugged Mountain plutons (Neil and
Russell, 1993).

This paper presents field observations and a geological
map for the Zippa Mountain igneous complex and examines
the origins of the intrusive complex. Special emphasis is
given to the Zippa Mountain pluton because of its unique
mineralogy and structure, which link it to an important,
recently recognized suite of zoned alkaline intrusions within’
the B.C. Cordillera (Ncil and Russell, 1993; Lueck et al.,
1993; Lueck and Russell, in press). In particular, we seek to
elucidate the magmatic processes responsible for the miner-
alogy, zoning, modal-layering, and mineral fabric found
within the Zippa Mountain pluton.

ZIPPA MOUNTAIN IGNEOUS COMPLEX

The Zippa Mountain igneous complex outcrops in a rugged
mountainous region characterized by alpine glaciers and ice-
fields and well-exposed steep rock faces. The intrusions
comprising the igneous complex — Zippa Mountain, Mount
Raven, and Seraphim Mountain plutons — were first mapped
by Kerr (1948) and further described by Woodsworth et al.
(1991) and Anderson (1993). The original descriptions for
these sequentially emplaced plutons derive from Anderson
(1993).

Zippa Mountain pluton has an age of ~210 Ma based on
U-Pb dating of zircon (M.L. Bevier, unpub. data; Anderson
et al., 1993). Mount Raven pluton is undated but older than
the Seraphim Mountain intrusion which is dated at 213 + 4 Ma
by K-Ar on hornblende (analysis GSC 90-40; R.G. Anderson in
Hunt and Roddick, 1991). The Seraphim Mountain pluton
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intrudes Triassic Stuhini Group volcanic rocks and also cross-
cuts and brecciates rocks of the Mount Raven pluton. Fur-
thermore, field relationships (sce below) indicate that the
Zippa Mountain pluton is older than the Mount Raven pluton,
making it the oldest intrusion recognized in the igneous
complex.

Zippa Mountain pluton

The Zippa Mountain pluton is an elliptical laccolith about
14 km? in arca comprising threc main rock types: pyroxenite,
syenite, and mela-syenite (Fig. 2). The pluton is zoned from
a pyroxenite border phase, to melasyenite, to trachytic K-feld-
spar syenite in the core. The silica undersaturated nature of the
pluton is manifested in abundant and widespread vishnevite-
cancrinite (identified by X-ray diffraction) and melanite gar-
nct showing strong oscillatory zoning (identifiecd optically).

Pyroxenite forms an inwardly-dipping marginal phase
which grades through melasyenite to the core syenite (Fig. 2B
and 2C). The most extensive rock type is syenite which
commonly shows a strong planar alignment of platy K-feld-
spar. Planar alignments of K-feldspar and acicular pyroxene
define a concentric, inward-dipping foliation that shallows
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Figure 1. Location map of the Zippa Mountain pluton.
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Figure 2A. Geology of the Zippa Mountain igneous complex and country rocks.
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towards the interior of the intrusion (Fig. 2B and 2C). Large-
scale petrological zoning, small-scale mineral layering, and a
mappable igneous foliation suggest that these rocks domi-
nantly formed by gravitational settling of minerals crystal-
lizing from a strongly undersaturated alkaline magma.

Pyroxenite
Pyroxenitc occurs as a border phase to the pluton and as

discrete isolated lenses up to 100 m long within the syenite
core. The border phase comprises pale-green to black massive

6000 ft

3000 ft —

layers concentrated along the outer pluton margins (Fig. 3).
Locally, the pyroxenite border phase is found as lenses <10 m
thick interleaved with calc-silicate rock comprising garnet,
diopside, wollastonite, and calcite.

Mineralogically, pyroxenite comprises finc grained,
acicular, pale green, acgirine-augite (90%) and apatite (10%),
subordinate biotite and trace titanitc and melanite. Long axcs
of pyroxene and apatite are co-planar, and produce a strong
foliation; within the plane of foliation there is no pronounced
lincation (Fig. 4). Biotite, where present, occurs as distinct
well-formed cuhedral to subhedral crystals set in an
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Figure 2B. West to east cross-section (AB). No vertical exaggeration in cross-sections.
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Figure 2C. North to south cross-section (CD). No vertical exaggeration in cross-sections.
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Mineralization

Mineralization in the area occurs at the margins of the Zippa
Mountain pluton, within the Mount Raven pluton, and in a
northeast-striking vein-fault (Fig. 1). The margins of the
Zippa Mountain pluton have varying amounts of pyrite min-
eralization and minor malachite and chalcopyrite. The Mount
Raven pluton is pervasively pyritized and hosts at least one
roof pendant containing copper mineralization. Pyritization
is widespread and associated with calcite-quartz veinlets
within highly fractured diorite.

The northeast striking vein-fault (Fig. 1) crosscuts all
units; the southwestern extension is best exposed where it
intersects and offsets Zippa Mountain pyroxenite. Here, the
fault is manifest by an intense quartz-carbonate alteration
zone a few tens of metres wide. To the northeast, the fault
crosscuts the Mount Raven pluton in two places. Generally,
the fault zone is gossanous due to the presence of pervasive
fractures hosting abundant pyrite. In one locale, the fault
truncates a limestone roof pendant within the Mount Raven
pluton. Here, the fault is pyritized and contains a stockwork
of quartz-veins, some of which have abundant chalcopyrite.

DISCUSSION

The Zippa Mountain pluton 1s one of a group of zoned, silica
undersaturated, alkalic plutons which occur throughout the
North American Cordillera. They dominantly comprise
aegirine-augite pyroxenite and K-feldspar syenite. This py-
roxenite-syenite association (Lueck et al., 1993), is petrologi-
cally, chemically, and mineralogically unique. The mineralogical
characteristics include aegirine-augite, K-feldspar, biotite,
melanite, titanite, and apatite as essential phases and horn-
blende, magnetite, and plagioclase as nonessential and subor-
dinate phases. The presence of feldspathoids and other
strongly undersaturated aluminosilicates is implied by the
chemical compositions of these rocks; they are all strongly
Ne and Lc normative. The fact that these diagnostic minerals
have not been reported in many of these intrusions (cf. Neil
and Russell, 1993) is probably due to their inherent magmatic
instability or susceptibility to alteration.

The Zippa Mountain pluton is an example of this. rock
suite. It is unique in that it offers unparalleled horizontal and
vertical exposure and shows important igneous structures and
fabrics related to the origin of the suite. Many of these
features are not well-preserved or exposed in other zoned
alkaline intrusions (Lueck and Russell, in press) (e.g., Averill
and Rugged Mountain intrusions).

The Zippa Mountain pluton is a concentrically-zoned,
cumulate pluton characterized by: large-scale zonation from
pyroxenite margins to syenite interior; fine scale planar align-
ment of igneous minerals forming concentric inwardly dip-
ping patterns; and mineralogical layering of aegirine-augite,
melanite, or vishnevite-cancrinite within syenite and py-
roxenite. Two aspects of this intrusion are unique in that they
have not been recognized in other similar zoned alkaline
intrusions. Firstly, the occurrence of vishnevite-cancrinite
(probably after leucite) is important as an indication of the
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degree of silica undersaturation. Secondly, the presence of
melanite-rich layers within the trachytic syenite suggests that
melanite, in addition to being an early crystallization product,
was capable of forming cumulate layers. Melanite has pre-
viously been recognized as an early crystallization product in
these zoned alkaline intrusions (cf. Neil and Russell, 1993).
At Zippa Mountain, the presence of rare melanite-rich cumu-
late layers implies relatively unique magmatic conditions.

CONCLUSIONS

The Zippa Mountain igneous complex comprises three
petrologically distinct latest Triassic plutons which intrude
Paleozoic Stikinia. The zoned and silica undersaturated
Zippa Mountain pluton is, based on field relationships, the
oldest member of the complex. It contains aegirine-augite,
zoned K -feldspar, biotite, vishnevite-cancrinite, and melanite
as major igneous minerals accompanied by accessory titanite
and apatite. Trachytic K-feldspar books and aligned aegir-
ine-augite crystals, as well as vishnevite-cancrinite, melanite,
and pyroxene-rich layers, define a widespread fabric within
the syenite and pyroxenite. This fabric, and the associated
petrographic textures, are interpreted to be cumulate in origin.

The Zippa Mountain igneous complex hosts sulphide
mineralization in three distinct settings. Within the Zippa
Mountain pluton, pyrite and sparse chalcopyrite occur within
the mafic border phases and within the calc-silicate country
rocks. The Mount Raven pluton has pervasive dissemina-
tions and fracture fillings of pyrite. A northeast-trending
vein-fault crosscuts the southeast margin of the Zippa Mountain
pluton. The vein-fault contains quartz-carbonate veining and
some quartz veins contain abundant pyrite and/or chalcopyrite.
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Northern coritinuation of the Eastern Waddington
Thrust Belt and Tyaughton Trough,

Tatla Lake-Bussel Creek map areas,
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van der Heyden, P., Mustard, P.S., and Friedman, R., 1994: Northern continuation of the Eastern
Waddington Thrust Belt and Tyaughton Trough, Tatla Lake-Bussel Creek map areas, west-central
British Columbia; in Current Research 1994-A; Geological Survey of Canada, p. 87-94.

Abstract: Tatla Lake-Bussel Creek map area may contain the northern terminations of East Waddington
Thrust Belt (EWTB) and Tyaughton Trough. Foliated plutons and volcanics of the Jura-Cretaceous Coast
belt arc are thrust to the northeast over an Upper Triassic arc succession correlated with Stikine terrane.
The arc rocks, in turn, are thrust over marine and nonmarine strata of the Cretaccous Tyaughton Trough,
n part derived from a westerly, mixed volcanic-plutonic source. At the northern limit of the thrust belt, the
Coast belt is thrust directly on nonmarine Silverquick formation; marine strata of Tyaughton Trough are
absent, and the thrust belt is intruded by the ca. 63-67 Ma Klinaklini and McClinchy plutons. Stikine terrane,
including the newly dated ca. 220 Ma Sapeye Creek pluton, may underlie Tyaughton Trough between
Yalakom and Tchaikazan faults. The area northeast of Yalakom fault is underlain by the Eocene Tatla Lake
metamorphic core complex.

Résumé : Les régions cartographiques du lac Tatla et du ruisscau Bussel pourraient contenir les
extrémités septentrionales de la zone de chevauchement d’East Waddington et de la cuvette de Tyaughton.
Des plutons et des roches volcaniques foliés d’un arc magmatique, remontant au Ju1a§sique Crétacé ct
appartenant au Domaine cotier, ont €té€ charriés vers le nord-est, au-dessus d’une succession d’arc située
dans le Trias supéricur et corrélée avec le terrane de Stikine. A leur tour, les roches de la succession d’arc
du Trias supéricur ont ¢t¢ charri€es au-dessus de strates marines ct continentales de la cuvette de Tyaughton
du Crétacé, qui proviennent partiellement d’une source mixte volcanique-plutonique située a I’ouest. A la
limite nord de la zone de plissement, le Domaine cétier a été directement charrié sur laformation continentale
de Silverquick; les strates marines de la cuvette de Tyaughton sont inexistantes, et la zone de plissement
est traversée par les plutons de Klinaklini et McClinchy, approximativement 4gés de 63-67 Ma. Le terrane
de Stikine, notamment le pluton de Sapeye Creek nouvellement daté a environ 220 Ma, pourrait étre
sous-jacent & la cuvette de Tyaughton entre les failles de Yalakom et de Tchaikazan. Le substratum du
sccteur situé au nord-est de la faille de Yalakom est constitué du complexe a noyau métamorphique de Tatla
Lake, d’age éocéne.
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undcr the Canada-British Columbia Economic and Regional Development Agreement.
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The upper thrust shect, the adjacent imbricate zone, and
the structurally underlying rocks of the Tyaughton Trough are
intruded by the Klinaklini pluton west and north of Perkins
Peak, and by the McClinchy pluton north of Klinaklini River.
The Klinaklini pluton is dominated by coarse grained tonalite
and lesser granodiorite with conspicuous accessory titanite.
Zircons from a granodiorite sample (Fig. 2) yiclded concor-
dant 63 Ma U-Pb dates, intcrpreted as the emplacement age
of the Klinaklini pluton. Granodiorite and quartz monzonite
with local conspicuous K-feldspar megacrysts at the south-
western limit of the study area are probably compositionally
distinct phases of the Klinaklini pluton. A satellite grano-
diorite stock southeast of Perkins Peak has a strongly silici-
tied and pyritized contact aureole; pyrite-galena-quartz
boulders found in float near the contact are probably derived
from veins related to this intrusion. The McClinchy pluton is
dominated by medium grained, locally porphyritic tonalite
and granodiorite. Zircons from this pluton (Fig. 2) have
yielded concordant U-Pb ages of 67 Ma (V. McNicoll, pers.
comm., 1993), comparable to the age of the Klinaklini pluton.

Imbricate zone

The Coast belt is separated from Cretaceous strata of
Tyaughton Trough by a major imbricate thrust zone, consist-
ing of multiple thrust-bounded panels of Upper Triassic vol-
canic and sedimentary rocks. The imbricate zone is about
8 km wide in the Tatla Lake map area, narrows abruptly to
about 3 km in the Bussel Creek arca near Perkins Peak, and
appears to be represented only by a single fault sliver of Upper
Triassic(?) volcanic rocks north of Klinaklini River. Upper
Triassic strata in the Razorback map area were assigned by
Rusmore and Woodsworth (1989, 1991b, 1993) to the late
Kamian to early Norian Mt. Moore formation and the late
Norian Mosley formation, and correlated with Stikinia.
These rocks connect northward with the imbricate zone of the
present study; they are described in detail by Mustard and
van der Heyden (1994).

We have extended the known outcrop area of the Mosley
formation into the range east of Perkins Peak (Fig. 2), based
on the presence of a diagnostic redbed unit containing lime-
stone and volcanic cobble conglomerates, as well as a struc-
turally lower single limestone bed with numerous specimens
of Monotis subcircularis Gabb (E.T. Tozer, pers. comm.,
1993), which is associated with volcanic breccias and tuffs
that locally contain conspicuous limestone clasts. These
rocks were originally mapped as Hauterivian volcaniclastic
rocks (Tipper, 1969), but they are clearly continuous with
Norian strata exposed in the range to the east. Limestone
clasts from the volcanic breccias and conglomerates are being
processed for conodonts in an effort to confirm an inferred
Upper Triassic source.

The volcaniclastic rocks associated with the Monotis-
bearing limestone continue into the western part of the range
and farther west into the imbricate zone underlying Perkins
Peak. Limestone cobbles and interbeds are absent from these
rocks, but we believe that they belong to the same Upper
Triassic succession. They are dominated by green and lesser
maroon-purple volcanic breccia and crystal-lithic lapilli tuff,
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with less abundant grey-green feldspar-hornblende porphyry
flows. Clasts in the breccias reach 20 ¢cm in diameter, and
consist entirely of feldspar porphyry and second-cycle tuf-
faceous material derived from contemporaneous volcanic
flows and tuffs. Rare pyroxenite dykes cut the volcanic rocks
southeast of Perkins Peak. We infer that these volcanic rocks
represent part of a Late Norian volcanic arc, with contempo-
raneous sediments of the Mosley formation representing a
first-cycle, shallow marine to nonmarine fluvial clastic apron
shed off the active arc, as previously suggested by Rusmore
and Woodsworth (1991b). We do not rule out the possibility,
however, that some of the thrust slices south and east of
Perkins Peak belong to the Mt. Moore or Ottarasko forma-
tions; these units are all rather similar in appearance.

The entire Upper Triassic succession is stacked into a
multitude of map-scale, discontinuous, thrust-bounded sheets
or lenses (Fig. 5), some of which contain large folds and
overturned sections. Thrust faults are marked by anastomos-
ing phyllitic and sericitic schist and cataclasite zones up to
tens of metres thick. Southwest-dipping slickensides and
fault grooves, and local northeasterly fold vergence suggest
a northeasterly sense of shear. South of Perkins Peak the
imbricate zone is extremely gossanous and pyritic schist is
common; much of the valley south of Perkins Peak is covered
with strongly oxidized ferrocrete breccias. The iron altera-
tion of this area is locally associated with stratiform hematite
replacement and quartz-specularite veining in the volcani-
clastic rocks (Briton prospect, Minfile # 092N-011). Sheared
quartz-calcite-magnetite-malachite-azurite and chlorite-epi-
dote-magnetite veins are locally present in the shear zones.
The Pin copper showing (Minfile # 092N-053), southeast of
Perkins Peak, characterized by bornite-chalcopyrite-chalcocite-
malachite mineralized float and disseminated chalcopyrite
and malachite in altered volcanic rocks, is also associated
with shear zones of the imbricate zone. Several auriferous
quartz veins in the study area (Orwill Au-Ag-Cu-Zn-Pb-Sb-
Bi prospect, Minfile # 92N-053; Golden Rose Au-As show-
ing, Minfile # 92N-046) also appear to be spatially associated
with thrust faults of the imbricate zone.

w7

Figure5. View west. at gently south-southwest-dipping
thrust slices of the imbricate zone south of Perkins Peak.
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together with a previously published 190 Ma hornblende
K-Ardate for asimilar pluton exposed northeast of Bluff Lake
(Friedman and Armstrong, 1988), however, suggest that most
of the supracrustal rocks of this area are at least as old as Early
Jurassic. With the exception of Lower Cretaceous fossilifer-
ous sediments exposed northwest of Sapeye Lake, volcanic
and sedimentary rocks northwest and southeast of Bluff Lake
arc unambiguously intruded by the older plutons, and we
tentatively correlate these rocks with the Upper Triassic Mt.
Moore formation. These Upper Triassic strata are described
in more detail clsewhere (Mustard and van der Heyden,
1994). They contain a distinctive sedimentary interval with
a few fossiliferous limestone beds; corals from these limestones
are tentatively assigned to the Upper Triassic (E.T. Tozer, pers.
comm., 1993).

Tatla Lake Complex

The northwestern part of the Tatla Lake map area is underlain
by crystalline rocks of the Tatla Lake metamorphic complex
(TLMC). The complex was not examined in detail during the
present study, and no significant new observations were
made. The following brief summary of the geology of the
complex is based on Friedman (1988, 1992) and Friedman
and Armstrong (1988).

The Tatla Lake metamorphic complex is a Eocene mid-
crustal core coniplex that formed in a regional extensional
setting. It consists of a core of Cretaceous granoblastic
gneiss, migmatic gneiss, and tonalite, overlain by a 1-2.5 km
thick Eocene ductile shear zone containing mylonitic or-
thogneiss, amphibolite facies metasedimentary rocks, and
structurally overlying greenschist facies metavolcanic rocks.
A ca. 10 km thick missing or strongly attenuated structural
section within the ductile shear zone coincides with the tran-
sition from amphibolite facies metasedimentary rocks to
greenschist factes metavolcanic rocks and correlative low-
grade volcanic strata of the upper plate. Low grade rocks of
the upper plate are exposed north and east of the Tatla Lake
map area; brittle normal faults separating these rocks from the
Tatla Lake metamorphic complex are inferred to reflect a late
stage in the extensional uplift history, following deformation
of the entire core by broad, upright, west- to northwest-trend-
ing folds.

The complex and its bounding structures are truncated to
the southwest by the Eocene, dextral transcurrent Yalakom
fault. The fault itself is not exposed in the Tatla Lake map
area, but it is marked by a prominent linear topographic
depression and by strongly fractured, veined, and altered
outcrops adjacent to its inferred trajectory. Latest motion on
the Yalakom fault postdates middle Eocene ductile exten-
sional shear in the complex. Riddell et al. (1993) postulated
about 115 km of dextral offset along the Yalakom fault. A
truncated western continuation of the complex has not been
recognized southwest of the Yalakom fault, and the faultitself
has not been observed northwest of the study area.
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DISCUSSION

We have demonstrated that the early Late Cretaceous Eastern
Waddington Thrust Belt continues at least into the range
underlain by Perkins Peak. West of Perkins Peak the thrust
belt is intruded by the ca. 63 MaXKlinaklini pluton; at this point
the thrust belt trends east-west. There are two possibilities
for the continuation of the thrust belt beyond the Klinaklini
pluton: to the west, or to the north. West of Klinaklini pluton,
Roddick and Tipper (1985) show a steeply south-southwest-
dipping structure separating Central Gneiss Complex to the
south (their unit nsc) from an Early Cretaceous pluton (their
unit 1Kqd, correlative with the Late Jurassic Wilderness
Mountain pluton of this study) to the north, but we do not
believe this contact to represent the continuation of Eastern
Waddington Thrust Belt. In the thrust belt, rocks of the Coast
belt, which locally include Late Jurassic orthogneiss
(Rusmore and Woodsworth, 1993), are typically thrust over
relatively unmetamorphosed supracrustal rocks. We include
the locally strongly mylonitic Wilderness Mountain pluton in
the Coast belt, and suggest that the northeast-trending thrust
fault which separates it from underlying supracrustal rocks,
north of Klinaklini River, represents the northerly continu-
ation of the thrust belt. This fault is intruded by the ca. 67 Ma
McClinchy pluton.

Our suggestion for continuation of the thrust belt into
northern Bussel Creek map area has several implications and
raises further questions. Neither Eastern Waddington Thrust
Belt nor Tyaughton Trough strata have been observed farther
north (van der Heyden et al., 1993). As previously suggested
by Tipper (1969), Tyaughton Trough may have had anorthern
margin in or near the present study area; Cretaceous marine
strata of Tyaughton Trough (Cloud Drifter formation and
Taylor Creek Group) are absent north of Klinaklini River, and
Jurassic marine strata of Tyaughton Trough (Last Creek
formation and Relay Mountain Group) are absent north of
Potato Range (ca. 35 km southeast of the study area). The
thrust belt appears to coincide, regionally, with the western
margin of Tyaughton Trough (Tipper, 1969), and the northern
limit of the thrust belt may thus coincide with the northern
paleogeographic extent of the Early Cretaceous basin. The
otherwise relatively wide imbricate zone of the thrust belt
narrows near Perkins Peak and is largely missing north of
Klinaklini River, suggesting that the numerous thrusts of the
belt merge into only one or two thrusts at the base of the
Wilderness Mountain pluton, and that the thrust belt dies out
to the north. These distribution patterns may indicate rota-
tional collapse of Tyaughton Trough about a hinge coinciding
with its northern termination, in or near the present map area;
in such a tectonic scenario the thrust belt might not be ex-
pected to continue much beyond the northern basin limit.

Rusmore and Woodsworth (1993) previously correlated
the Upper Triassic rocks of the northern Mt. Waddington area
with Stikinia. The presence of ca. 220 Ma and 190 Ma plutons
associated with Upper Triassic volcanic rocks, north and east
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of Bluff Lake, supports Rusmore and Woodsworth’s correla-
tion: Late Triassic and Early Jurassic plutons are a common
and distinctive element of Stikinia in northern British Colum-
bia (Anderson and Bevier, 1992; Anderson, 1993). The pres-
ence of these Upper Triassic rocks between the Yalakom and
Tchaikazan faults, together with Early Cretaceous strata of
Tyaughton Trough, suggests that the northern margin of the
basin was underlain by Stikinia. A similar suggestion was made
by Umhoefer (1990), who showed that the correlative Cadwal-
lader terrane (Rusmore, 1987; Umhoefer, 1990) is basement to
the Tyaughton Trough farther to the southeast.
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Abstract: In Bussel Creek and Tatla Lake map areas, geology southwest of Yalakom Fault reflects
northern continuation of the east Waddington thrust belt, with northwest- to west-trending thrust panels
thrust northeast during the late Cretaceous. The highest, most southwest thrust sheets contain Triassic and
rare Lower Cretaceous strata. Triassic strata include the Carnian to lower Norian, volcanogenic Mt. Moore
formation, and the Norian Mosley formation, a mixed siliciclastic-carbonate nonmarine and shallow marine
succession. Central thrust sheets comprise two Early Cretaceous units: the volcanogenic Ottarasko
formation and gradationally overlying Cloud Drifter formation, a succession of shelf clastics containing
Hauterivian fossils. The northeasterly structural panels contain the youngest units: a single slice of Albian
to Cenomanian marine turbidites correlated with the Taylor Creek Group; a nonmarine immature sandstone
and conglomerate unit correlated with the Silverquick conglomerate; and a volcanic breccia/conglomerate
unit correlated with the Powell Creek volcanics.

Résumé : Dans les régions cartographiques du ruisseau Bussel et du lac Tatla, la géologie du secteur
situé au sud-ouestde la faille de Yalakom, caractérisée par des panneaux de charriage de direction nord-ouest
a ouest ayant été entrainés vers le nord-est au Crétacé tardif, témoigne du prolongement septentrional de la
zone de chevauchement d’East Waddington. Les nappes de charriage les plus hautes, le plus au sud-ouest,
contiennent des strates du Trias et, occasionnellement, du Crétacé inférieur. Les strates triasiques compren-
nent la formation de Mt. Moore, d’origine volcanique, qui s’échelonne du Carnien au Norien inférieur, et
la formation de Mosley, du Norien, succession mixte de lithologies silicoclastiques et carbonatées, de
milieux continental et épicontinental, Les nappes de charriage de la partie centrale comprennent deux unités
qui remontent au Crétacé précoce : la formation d’Ottarasko, d’origine volcanique, et la tormation de Cloud
Drifter, succession clastique de milieu de plate-forme continentale, a fossiles du Hauterivien, qui la
surmonte avec un contact progressif. Les panneaux structuraux situés au nord-est contiennent les unités les
plus jeunes : une écaille isolée de turbidites marines d’age albien a cénomanien, corrélées avec le Groupe
de Taylor Creek; une unité continentale de conglomérat et de grés immatures, corrélée avec le conglomérat
de Silverquick; et une unité de bréche volcanique/conglomérat corrélée avec les volcanites de Powell Creek.

! Contribution to Canada-British Columbia Agreement on Mineral Development (1991-1995), a subsidiary agreement
under the Canada-British Columbia Economic and Regional Development Agreement.
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this is the most plausible correlation. The main difference
from the Mt. Moore formation exposed elsewhere is the
presence of a distinctive sedimentary succession several hun-
dred metres thick in the middle of the Bluff Lake volcanic
unit. The succession comprises >100 m of vaguely stratified
to rarely cross-stratified pebble-cobble conglomerate and
coarse sandstone which gradationally overlie volcaniclastic
sandstone-mudstone couplets interbedded with intermediate
volcanic flows. A few light grey limestone beds <1 m thick
occur in this sedimentary succession and contain poorly pre-

served corals, bivalves, and gastropods.

This distinctive,

fossil-bearing sedimentary unit was recognized on both sides
of the Tchaikazan Fault and thus provides a marker unit,
indicating about 7-8 km of apparent dextral strike-slip offset.

The Mt. Moore formation is about 1500 m thick at Bluff
Lake, but is everywhere in fault or intrusive contact with other
units and thus the true thickness and contact relationships are
unknown. The best age control consists of late Carnian to
early Norian conodonts recovered from an interbedded lime-
stone lens near Mt. Moore (Rusmore and Woodsworth,
1991b). The intrusive relationship of the Sapeye Creek plu-
ton suggests an early Norian or older age for the Mt. Moore
formation in this region, compatible with the age suggested
from the Mt. Moore area.

Mosley formation

Most of the Triassic succession in the map area is distinctive
dark red to cream-pink siliciclastic sandstone (Fig. 4A). Less
abundant grey limestone clastics occur as a mappable, but
laterally discontinuous facies within the red unit. The Mosley
formation occurs in several thrust slices and no formation
contacts are preserved, inhibiting formal formation defini-
tion. A measured stratigraphic section in one well-exposed
thrust slice documents a minimum thickness of 650 m for this
formation, with a thickness exceeding 1 km indicated by the
map pattern in other places.

In the best-exposed area of the Mosley formation, a lower
facies of massive to faintly laminated grey-brown limestone
mudstone to fine grained wackestone is present. Considered
by Tipper (1969) a separate map unit (his unit 3), in the Busscl
Creek map area this fine carbonate clastic facies is transitional
upward and laterally into the other facies of the Mosley
formation. The distinctive bivalve Halobia was the only
fossil found in this facies (GSC localities C-176113,
C-101545; identified by E.T. Tozer, Cordilleran Division,
pers. comm., 1993). The Halobia-bearing carbonate clastic
facies changes upward and laterally into a coarse grained,
fossil-rich limestone facies which Tipper (1969) also considered
a separate map unit (his unit 5). This facies is a distinctive light
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extensive volcanics of the Mt. Moore formation. In addition,
the recognition ot a distinctive marker horizon on both sides
of the Tchaikazan Fault allows an estimate of 7-8 km of
apparent dextral strike-slip movement related to this struc-
ture. The Mosley formation includes lower Norian mudstone
(Halobia-bearing unit 3 of Tipper, 1969) and upper Norian
limestone and sandstone (units 5 and 6 of Tipper, 1969).
Variations in rock type in this formation are facies changes in
a continuous, conformable succession.

The recognition of a gradational contact between the
Lower Cretaceous Ottarasko and Cloud Drifter formations
confirms the interpretations of Rusmore and Woodsworth
(1993, 1989) that the Ottarasko formation is older than the
Cloud Drifter formation, although probably in part they are
lateral equivalents. "Mid"-Cretaceous strata of the Taylor
Creek Group are restricted to a fault slice directly west of
Bluff Lake. A thick nonmarine alluvial succession pre-
viously correlated with the Taylor Creek Group is correlated
with the Late Cretaceous Silverquick conglomerate. A gra-
dationally overlying volcaniclastic-volcanic unit is correlated
with the Powell Creek volcanics and suggests renewed late
Cretaceous volcanism in this area, as previously postulated
for southern areas.
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Preliminary study of Tertiary volcanic
stratigraphy in the Clisbako River area,
central British Columbia'

Paul Metcalfe and Catherine J. Hickson
Cordilleran Division, Vancouver

Metcalfe, P. and Hickson, C.J., 1994: Preliminary study of Tertiary volcanic stratigraphy in the
Clisbako River area, central British Columbia; in Current Research 1994-A; Geological Survey
of Canada, p. 105-108.

Abstract: Three volcanic assemblages are exposed in the Clisbako River arca of central British
Columbia. The oldest undeformed units in the area are felsic to intermediate volcanic flows and pyroclastic
rocks, which host hydrothermal alteration and mineralization. These are overlain by an assemblage of
intermediate to mafic lava flows. The area of outcrop of the felsic volcanic rocks and the overlying mafic
assemblage is a circular highland area, approximately 40 km in diameter. It is possible that this area is an
eroded caldera, partially filled with younger basaltic lavas ot the Chilcotin Group.

Résumé : Trois assemblagles volcaniques affleurent dans la région de la riviére Clisbako, dans le centre
de 1a Colombie-Britannique. Les unités non déformées les plus anciennes de la région sont constituées de
roches pyroclastiques et de coulées volcaniques felsiques a intermédiaires, qui présentent des indices
d’altération et de minéralisation hydrothermales. Ces unités sont surmontées d’un assemblage de coulées
intermédiaires a mafiques. Le secteur d’affleurement des roches volcaniques felsiques et de ’assemblage
mafique sus-jacent forme une zone de hautes terres circulaire d’environ 40 km de diamétre. Il est possible
que cette zone soit une caldeira érodée, partiellement remplie de laves basaltiques plus jeunes du Groupe de
Chilcotin.

" Contribution to Canada-British Columbia Agreement on Mineral Development (1991-1995), a subsidiary agreement
under the Canada-British Columbia Economic and Regional Development Agreement.
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INTRODUCTION

The primary objective of this project is to identify and
correlate Tertiary volcanic rocks within the Interior Plateau
as part of the Canada-British Columbia agreement on mineral
development, 1991-1995 (van der Heyden et al., 1993). A

126°

preliminary study of Tertiary volcanic stratigraphy in the
Clisbako area of central British Columbia (Fig. 1) began in
September 1993. The purpose is to determine the stratigraphic
succession and petrological relationships of the Early Tertiary
felsic volcanic rocks which host epithermal mineralization
discovered on the BAEZ and CLISBAKO claim groups, near
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the headwaters of the Clisbako River. The study area
comprises four 1:50 000 map sheets (93B/12, B/13, C/9,
C/16) and is bounded by latitudes 52°30’N and 53°00’N and
by longitudes 123°30’W and 124°30°W. The study area forms
part of the Chilcotin plateau. Relief is gentle and the area
forested. Outcrop is not abundant. The area is accessible by
means of numerous logging roads, west from Quesnel and
northeast from Anahim Lake. Findings from this study area
will be compared with information from Tertiary volcanic
rocks exposed to the north in the Nechako River area (93F)
and to the south in the Taseko Lakes area (920).

GEOLOGY

The basement to the Clisbako area consists of intermediate
fragmental rocks which differ from other lithologies exam-
ined, in that a schistose foliation is present. Scarcity of out-
crop precluded comprehensive structural mapping. Tipper
(1959, 1969) assigned this assemblage to the Lower Jurassic
Hazelton Group, based upon lithological similarity.

The basement rocks are overlain by a succession of felsic
volcanic rocks which are the subject of the present study.
These rocks underlie the cores of many of the ridges in the
study area. This package was identified by Tipper (1959,
1969) as part of the Ootsa Lake Group. These volcanic rocks
host many occurrences of hydrothermal alteration, breccia-
tion and mineralization.

Feisic volcanic units, which outcrop in the study area,
include four main lithologies. Contacts arc rarely exposed and
the stratigraphic relationship between the units has not yet
been determined. Canyon Mountain, in the south-central
portion of the area, is underlain by a felsic to intermediate unit
with well-formed biotite and plagioclase phenocrysts. This
lithology is poorly exposed, but also occurs as blocks in felsic
tuft-breccias and lapilli tuffs in the eastern part of the area; it
may be a product of one of the older phases of felsic
volcanism.

The most commonly exposed telsic unit consists of black
glassy flows with local plagioclase phenocrysts. The unit is
structureless but locally it exhibits flow-banding and flow-
folding. This lithology is resistant to erosion and, rarely,
exhibits clift exposures with spectacular colonnades as much
as 30 m high. In other areas, particularly the northwest part
of the study area, blocks of this unit, as much as 2 m in size
arc included in red- and yellow-weathering flow breccias;
these units are as much as 100 m in total thickness.

Towards the centre of the study area scattered and rare
outcrops of felsic pyroclastic rocks appear to underlie at least
one unit of the black felsic flow breccias. The fragmental
rocks are poorly consolidated, recessively weathered and
incorporate blocks of both mafic and felsic volcanic rocks.
The source of the mafic volcanic rocks is presently unknown.

The felsic and intermediate volcanic package is overlain
by a series of intermediate or basaltic lava flows. Several of
the ridges, particularly in the far cast and west of the study
area, are capped by this assemblage. The flows are weakly to

P. Metcalfe and C.J. Hickson

moderately porphyritic, with plagioclase phenocrysts and,
less commonly, an altered mafic phase, possibly olivine. The
basal contact of this assemblage was not observed, but out-
crop relationships suggest that it succeeded eruption of the
felsic units. Hydrothermal alteration similar to that observed
in the felsic volcanic rocks is also present in some exposures
of the ridge-capping assemblage.

Relatively well-exposed basaltic lava flows occur in most
of the valleys in the study area. These lavas are distinctively
fresh in appearance and commonly show well-developed
colonnades and flow tops. They were assigned by Tipper
(1959, 1969) to the Miocene Chilcotin Group and described
by Mathews (1989). Tipper also noted the presence of a
number of small cinder cones in the valleys and on ridge
crests, which are probable source vents for the lavas. It is
possible that these cones are more abundant than suggested
by Tipper’s mapping. Their relative ages are not known but
this assemblage appears unaffected by hydrothermal altera-
tion. Basaltic eruptions associated with the Anahim volcanic
belt extend across the study area to the 7200 Ka Nazko cone
(Souther et al., 1987).

SUMMARY

The study area contains three dominant volcanic assem-
blages, resting upon a deformed volcanic basement of pre-
sumed Jurassic age. The oldest undeformed units in the area
are felsic to intermediate volcanic flows and fragmental
deposits, which host hydrothermal alteration and mineraliza-
tion. These are capped by intermediate to mafic 1ava flows.

The outcrop area of the felsic volcanic rocks and the
overlying mafic assemblage forms an approximately circular
highland area with a diameter of approximately 40 km. The
area is eroded to the north, exposing the basement and the
central part of the area is a topographic low, partially filled
by younger basaltic lavas of the Chilcotin Group. Itis possible
that the area described was the site of a large composite
volcano which underwent caldera formation and subsequent
erosion, prior to the eruption of the Chilcotin Group basalts.
Implicit in this are the possibilities that the (presently)
subeconomic mineralization of the Clisbako area is related to
caldera formation and that exploration targets in the area may
be masked by the present cover of the Chilcotin Group lavas,
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The geology and structure of the Coryell Batholith,
southern British Columbia

Patrick Stinson' and Philip S. Simony!
Cordilleran Division

Stinson, P. and Simony, P.S., 1994: The geology and structure of the Coryell Batholith, southern
British Columbia; in Current Research 1994-A; Geological Survey of Canada, p. 109-116.

Abstract: The Eocene Coryell Batholith west of Rossland was investigated during the summers of 1992
and 1993. Detailed mapping of the eastern third revealed that it consists of several varieties of syenite and
monzonite, as well as fine grained dyke rocks. The shallow dip of the eastern contacts and a large roof
pendant indicate that the level] of exposure is in the roof zone. Emplacement related foliations are well
developed in the northeast portion of the batholith and weakly developed elsewhere. These are subparalle]
to the margins.

The batholith and its country rocks are cut by north-trending extensional structures concentrated along
the western edge of the study area; gently east-dipping mylonite zones are cut by near-vertical brittle faults.
East-side-down movement took place along these structural zones. Both the Coryell Batholith and the
north-trending structures are manifestations of Eocene extensional tectonics.

Résumé : Le batholite éocéne de Coryell, 4 I’ouest de Rossland, a été étudié en 1992 et 1993. Le levé
détaillé du tiers oriental a montré que le batholite est constitué de plusieurs variétés de syénite et de
monzonite aussi bien que de dykes microgrenus. Le pendage faible du contact oriental et la présence d’un
grand pendentif montrent que le niveau d’affleurement est proche de celui du toit du batholite. Des foliations
largement paralléles aux marges du batholite et liées a sa mise en place sont nettes dans la partie nord-est
du batholite, mais elles sont faibles ailleurs.

Le batholite ct ses roches encaissantes sont recoupés par des structures de distension de direction nord
et concentrées le long de la marge occidentale de la région levée. Des zones de mylonite 4 faible pendage
vers 1'est sont recoupées par des failles cassantes presque verticales et de direction nord dont les lévres
oriepta]es sont affaisées. Ces structures, aussi bien que le batholite, sont des manifestation d’une distension
a I’Eocene.

: Department of Geology and Geophysics, The University of Calgary, 2500 University Drive N.W., Calgary,
Alberta T2N IN4
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INTRODUCTION

The Rossland-Trail region of the southeastern Omineca Belt
is an area with a complex intrusive and structural history. At
least five phases of intrusion occur in the Jurassic to Eocene
time span. These include the mid-Jurassic Rossland
Monzonite, granodiorites of the Nelson suite, including the
Trail and Mackie plutons, the Cretaceous Kinnaird Gneiss,
and the Eocene College Creek Pluton, Sheppard intrusions,
and the Coryell intrusive suites.

The geological framework into which these intrusions
were emplaced belongs to the eastern portion of Quesnel
Terrane and consists of Paleozoic gneisses overlain by the
Pennsylvanian Mount Roberts Formation and the Lower
Jurassic Rossland Group of arc volcanics and sediments.
Locally, west and south of Rossland, Upper Cretaceous
Sophie Mountain conglomerate and the Eocene (?) O.K.
volcanics are preserved.

During much of the Eocene the southern Omineca Belt
was affected by extension resulting in movement on numer-
ous brittle and ductile faults, and the uprise of metamorphic

core complexes such as the Valhalla Complex northeast of
Rossland and the Kettle Complex west of Rossland (Parrish
et al., 1988). Two Eocene intrusive suites have been mapped
in the Rossland area: the Coryell and Sheppard intrusions.

The Coryell Suite is represented in the Rossland-Trail area
by the Coryell Batholith, which extends westward from
Rossland to Christina Lake (Fig. 1). It has an outcrop area of
about 400 km?, and is related to numerous small stocks,
extensive north-south felsic dykes, and possibly the O.K.
volcanics, which were correlated with the Eocene Marron
Volcanics by Little (1982). Coryell syenite from the Valhalla
Complex, Greenwood area, and northeast Washington yield
U-Pb and K-Ar ages of 51 to 52 Ma (Carr et al., 1987; Carr
and Parkinson, 1989; Pearson and Obradovich, 1977, respec-
tively). Coryell intrusions cut the ductile east-directed exten-
sional Valkyr Shear Zone along the west side of the Valhalla
Complex (Carr ct al., 1987), but they are cut by the west-dip-
ping brittle normal faults to the west of the Kettle Complex
(Carr and Parkinson, 1989) and by the east-dipping Kettle
Fault. We have also found steep brittle extensional faults in
the Coryell Batholith.
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Earlier geological work in the Rossland area had empha-
sized the Jurassic intrusions and volcanics which host histori-
cally important mineral deposits of the Rossland camp.
Previous studies include Drysdale (1915), Little (1982), Fyles
(1984), Hoy and Andrew (1991), and Hoy et al. (1992). Daly
(1912) mapped the Coryell Batholith and Rossland area as
part of his coverage along the Canada-U.S. border. He distin-
guished the various intrusive suites, but not the Jurassic and
Tertiary volcanic units,

Study of the Coryell Batholith was undertaken to deter-
mine its geometry, the relation of the batholith to its country
rocks and to extensional structures in the region. The various
phases that make up the batholith and their internal relations
have never been documented before, yet these relations have
to be established to understand the emplacement.

The role of extension in the intrusion of the Coryell
Batholith is probable, as extension and intrusion overlap in
time. Study of the batholith will enable models of extension
to be tested as a mechanism for the emplacement of large
volumes of magma (Paterson et al., 1991).

The eastern third of the Coryell Batholith and its country
rocks were mapped westward from Highway 3B to the valley
of Big Sheep Creek. Road access is fairly good for most of
this area. The topography was digitized into AutoCAD (trade-
mark of Autodesk, Inc.) and traverses were entered using
Fieldlog (Brodaric and Fyon, 1989).

LITHOLOGY

Rock types in the study area include the syenites and lesser
monzonites of the Coryell Batholith and the country rocks
they intrude (Fig. 2). These consist of mainly Paleozoic to
Eocene sediments, volcanics, and several pre-Coryell
intrusive units.

Country rock

The principal country rocks include the Upper Paleozoic
Mount Roberts Formation, the Jurassic Rossland Group, Upper
Cretaceous Sophie Mountain Formation, and Eocene (?) vol-
canic rocks herein called the O.K. volcanics following the
usage of Fyles (1984). The Coryell Batholith also cuts the
western margin of the Jurassic Mackie Pluton.

Clastic and carbonate rocks of Mount Roberts Formation
are exposed around the north half of the batholith. Contact
metamorphism of impure limestone units has formed epidote-
bearing skams, and in places potentially economic wollas-
tonite deposits. One skarn sample contains scapolite,
diopside, actinolite, calcite, and andradite. More common
lithologies are black, rusty weathering hornfelsed siltstones,
greywackes, coarse sandstones, and pebble conglomerates in
the Granite Mountain area. A package of strongly deformed
sedimentary rocks east of the O.K. Fault on the east side of
the batholith consists of conglomerates (felsic clasts in a
darker silty sand matrix) grading upward to the east into
sandstones and rusty siltstones. Tops to the east are indicated
by rare graded beds. The conglomerates east of the fault have

P. Stinson and P.S. Simony

been assigned to the Elise Formation of Rossland Group by
Little (1982) and by Hoy and Andrew (1991) but Fyles (1984)
included them in the Mount Roberts Formation. This inter-
pretation is preferred here because the conglomerates resem-
ble the Mount Roberts conglomerates, and are interbedded
with Mount Roberts sandstones at the foot of Mount Roberts.

Mafic volcanics of the Elise Formation of Rossland Group
occur in the southern part of Big Sheep Creek valley, to the
north along Lamb Creek, and locally along Highway 3B.
These are comparable to Rossland volcanics described from
elsewhere in the Rossland area (Little, 1982; H6y and
Andrew, 1991). Lithologies in the study area consist of inter-
mediate to mafic crystal-rich tuffs and volcaniclastic con-
glomerates. In the northwest and southwest comers of the
map area Rossland volcanics and Mount Roberts meta-
sediments have a strong east-dipping foliation and downdip
lineation, and are intruded by Coryell dykes parallel to this
fabric.

South of Rossland, near latitude 49°N, conglomerates of
the Upper Cretaceous Sophie Mountain Formation are
intruded by Coryell dykes. Sophie Mountain Formation con-
sists of clast-supported quartzite boulder conglomerates that
are distinct from the heterolithic conglomerates of the Jurassic
Elise Formation which they unconformably overlie. Rare
mudstone beds in the Sophie Mountain Formation have
yielded Late Cretaceous plant fragments (Little, 1982).

Igneous rocks intruded by the Coryell Batholith include
granodiorites, diorites, quartz-feldspar porphyry, and ser-
pentinite. Granodiorite and diorite occur as xenoliths in the
medium grained monzonite unit of the batholith and are
probably derived from the Jurassic Mackie Pluton to the
northeast of Coryell Batholith (Crowe, 1981). A 4-5 km?
body of quartz-feldspar porphyry occurs on the batholith’s
southeastern margin, and is intruded by dykes related to the
batholith and andesitic dykes probably related to the O.K.
volcanics. The quartz-feldspar porphyry cuts the Elise
Formation (Little, 1982), is in fault contact with the ser-
pentinite body to its east, but no relationship was observed
with the Sophie Mountain conglomerate. Little (1982) specu-
lated that the quartz-feldspar porphyry was Early Cretaceous,
which is likely, as map relations suggest that the quartz-
feldspar porphyry and the Elise Formation are unconformably
overlain by the Upper Cretaceous conglomerate. The origin
and emplacement of the serpentinites are poorly understood;
they are in fault-contact with all units except for both the
coarse grained and hypabyssal phases of the batholith which
intrude them. They are very strongly deformed and sheared;
probably they were emplaced during thrusting in the Jurassic
accretionary event before being placed against the O.K.
volcanics by pre-batholith normal fautts.

The O.K. volcanics form a large, gently west-dipping
panel along the eastern margin of the batholith bounded on
the east by the west-dipping O.K. Fault. Also a large roof
pendant of O.K. volcanics makes up the top 300 m of Old
Glory Mountain. The base of this volcanic package was
mapped by Little (1982) in two roof pendants within the
northern portion of the batholith, north of Old Glory
Mountain. There he identified white arkosic tuffs overlying
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the Rossland Group and correlated these with the Eocene
Kettle River Formation which underlies the Marron
Formation in the Greenwood map area to the west (Little,
1983). Our mapping revealed these and other similar frag-
mental rocks to be interbedded with O.K. lavas, suggesting
that the Kettle River Formation is not present in this area. The
panel of O.K. volcanics on the cast side of the batholith dips
and faces west. Its base is not exposed due to truncation by
the O.K. Fault, and the top is lost to erosion. The exposed
stratigraphic thickness ranges from 450 to 900 m. The base
of the O.K. volcanics is present in two locations in the study
area: a small roof pendant northwest of Old Glory Mountain
where itunconformably overlies shales of the upper Rossland
Group (Hall Formation), and an isolated body in the south
where it overlies serpentinite unconformably.

The O.K. volcanics consist of felsic to intermediate Java
flows and tuffs, and epiclastic sandstones and conglomerates.
Where exposure is good, individual flows are 5 to 15 m thick,
locally autobrecciated, and have irregular or clinkery tops
with rare thin sediment accumulations in the depressions.
Compositionally they range from trachytic to andesitic, and
are usually porphyritic. Only one rhyolite lava was seen but
clasts of rhyolite lava occur in several conglomerate horizons.
The remainder of the sections are made up of volcaniclastic
sandstones and conglomerates with some interbedded tuffs
and lapilli tuffs. Base-surge deposits were identified in some
areas based on the presence of accretionary lapilli-bearing
horizons and rare dune-forms in thinly bedded tuffs. Possible
air-fall tuffs and scoria-flow deposits were also recognized.

There appear to be wide facies variations across and along
strike; no correlations were possible from one ridge to the
next, neither of individual units nor of packages of units.
Based on the thickness and intermediate composition of
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individual lava flows they are unlikely to have been volumi-
nous or fluidal enough to extend across neighbouring ridges
1 to 2 km apart. Hydrothermal alteration is extensive so
chemical variations or trends are unlikely to have been pre-
served.

Recent work in this area (Little, 1982) has treated this
volcanic package as being part of the Eocene Marron
Formation, a mildly alkaline volcanic package in the Tertiary
volcano-sedimentary succession mapped near Penticton
(Church, 1973). This correlation was based on similarity
between several thin sections of lavas from the Tertiary
volcanics near Rossland and the Marron Formation near
Penticton (Little, 1982). This correlation is unlikely consid-
ering the great distance between these localities, even with
restoration of Eocene extension, and the fact that the O.XK.
volcanics are clearly of local derivation, They may, however,
be part of the Eocene Penticton Group (Church, 1982) which
represents an episode of widespread variably alkaline volcan-
ism occurring over south-central British Columbia and north-
eastern Washington, of which the Marron and Kettle River
formations are part. Coryell or similar intrusive rocks outcrop
over much of this area and are probably broadly related to this
volcanism. In the Rossland area some early units of the
Coryell Batholith may be comagmatic with some of the O.K.
volcanics, but this has yet to be demonstrated. In this study
area, however, the age of the O.K. volcanics are only
constrained to being older than middle Eocene (when they
were intruded by the batholith) and younger than the wide-
spread Late Jurassic deformation and plutonism.

Late rare lamprophyre and other mafic dykes occur in the
study area, cutting the Mount Roberts Formation, the O.K.
volcanics, and many of the batholith phases, including the
earlier porphyritic syenite dykes. They also intrude along the
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Figure 3. Cross-sections across the map area. Section locations are shown in Figure 2. Contacts
above ground level are projected from outcrops near the lines of section. Symbols are the same

as in Figure 2.
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O.K. Fault Zone in places, and are common all through the
Rossland-Trail area including the underground workings of
the Rossland gold mines (Drysdale, 1915, p. 30-34). They are
therefore among the youngest rocks in the study.

Coryell Batholith intrusive phases

The Coryell Batholith consists of several coarse grained
intrusive phases, mainly syenite and monzonite. Although the
main phases of the batholith in the study area are coarse
grained, many dyke phases arc scen, especially along Big
Sheep Creek and Lamb Creek.

By far the most voluminous phase is porphyritic quartz
syenite. This unit underlies almost the entire mapped area of
the batholith, except around Old Glory Mountain, where it is
capped by medium grained syenite, which in turn is capped
by the large roof pendant of O.K. volcanics (Fig. 3). The
porphyritic quartz syenite has a hypidiomorphic texture with
stubby orthoclase phenocrysts up to 3 cm long; it includes 8
to 15% hornblende, and 4 to 5% interstitial quartz. It is
homogeneous and free of enclaves, except for local small
ovoid dioritic autoliths and weak schlieren. The north half of
the unit has a foliation defined by alignment of orthoclase
phenocrysts. It varies in intensity from weak near Granite
Mountain to strong in the northeast. In thin section the strong
fabric is shown to have developed in the solid state, with
orthoclase phenocrysts and the other constituents having
undulose extinction and in places being thoroughly recrystal-
lized. This foliation is subparallel to, and most intense near,
the margins of the unit suggesting the fabric is related to
emplacement. Where the fabric is weaker and more irregular
the phenocrysts and matrix are unstrained, suggesting that this
might represent an original magmatic foliation subparallel to
the margins of the body, but with a steeper dip.

Medium grained syenite occurs as a flat-lying shect over-
lying porphyritic quartz syenite near the middle of the map
area, in isolated exposures in the northeastern part of the
batholith, and along portions of the eastern side of Big Sheep
Creek valley. It has a hypidiomorphic granular, seriate tex-
ture, locally porphyritic. It is distinguished from quartz
syenite by having a higher colour index (approx. 20), less
quartz, and a high sphene content (2-3%). An antirapakivi
texture (orthoclase overgrowing oligoclase) is common and
well-developed. Both syenite units have somewhat grada-
tional contacts with one another. Medium grained syenite
occurs as a rootless flat-lying sheet in the roof of the quartz
syenite pluton, which suggests that it is a roof pendant.

Megacrystic syenite forms an elongate pluton about 2 km
long along the northeastern margin of the batholith. It consists
of around 30% euhedral tabular orthoclase megacrysts 2 to
6 cm long in a fine- to medium-grained quartz syenite ground-
mass. The colour index is approximately 10, the main mafic
minerals being subequal amounts of hornblende and biotite.
Megacrysts contain minor inclusions of oligoclase and bi-
otite. The unstrained megacrysts define a strong foliation and
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the groundmass in which they are suspended is unstrained.
This suggests that the foliation is magmatic (sec Paterson et
al., 1991). This foliation is subparallel to the long axis of the
body, as well as to the fabric in the adjacent outcrops of
porphyritic quartz syenite.

Three varieties of monzonite make up a screen that sepa-
rates the megacrystic syenite body from the main porphyritic
quartz syenite body. These consist of medium grained mon-
zonite, biotitc monzonite, and augite biotite monzonite. The
medium grained monzonite is characterized by recessively
weathering ovoid mafic clots up to 6 mm across. Near its
western limit it is xenolithic, containing sedimentary, vol-
canic, and igneous xenoliths 5 cm to 3 m across which are
commonly partially assimilated. The other monzonites are
both coarse grained and are characterized by biotite flakes up
to 2 cm across. They are distinguished on the basis of different
proportions of mafic minerals; biotite monzonite contains
15% biotite, 5% augite, and <1% hornblende; augite biotitc
monzonite contains up to 20% each of biotite and augite,
about 5% each of olivine and enstatite, and 1-2% hornblende.
These two units are both recrystallized, with 0.5 to 2 cm
unstrained flakes of biotite having overgrown locally devel-
oped layering in the augite monzonite. This may have
occurred when the monzonites were heated during the intru-
sion of the syenitcs.

Two phases of felsic fine grained porphyritic intrusives
occur in and near the batholith. Fine grained porphyritic
syenite occurs as 0.5 to 5 m wide dykes crosscutting all other
units. Although concentrated in the area surrounding Big
Sheep Creek Valley, they occur over the entire map area.
Many of the dykes strike north and dip steeply. They have a
fine- to very fine-grained syenitic groundmass with around
40% phenocrysts of orthoclase, plagioclase, and biotite. The
other common variety is porphyritic syenite, or trachyte,
which contains glomerocrysts of feldspar, and occasional
embayed quartz phenocrysts in a finc- to medium-grained
groundmass dominated by orthoclase with lesser oligoclase.
It has a distinctive pink or green-brown colour due to clayey
alteration of feldspars and mafic minerals. It has been mapped
around the north and south ends of Big Sheep Creck valley,
typically as 3 to 40(+) m wide dykes cutting the batholith and
the country rock.

STRUCTURE

The two principal structural elements in the study area are the
Coryell Batholith and the extensional taults. To the cast of
Coryell Batholith, a complex sequence of Jurassic and
younger fold and fault structures has been recognized (Little,
1982; Simony, 1979; Hoy and Andrew, 1991) but it is diffi-
cult to decipher the structures into which the batholith was
emplaced. At depth the batholith must have penctrated the
west-dipping Mesozoic thrust structures and the down-dip
continuation of the Valkyr Shear Zone (Carr et al., 1987).



The batholith is composite, consisting of several intrusive
units. The castern portion of the batholith is dominated by the
north-trending porphyritic quartz syenite body (Fig. 2). As
illustrated in the cross-sections of Figure 3, the roof of that
large pluton is in part preserved in the Old Glory Mountain
and Record Ridge areas. A panel of east-dipping and east-
facing O.K. volcanics making up the top of Old Glory
Mountain is a remnant of the roof. This panel is underlain by
medium grained syenite forming a gently dipping "cap'. If
the steeply dipping band of medium grained syenite along the
east side of Big Sheep Creek valley was continuous with the
"cap" prior to erosion, then it outlines the steep west wall of
the quartz syenite pluton. Porphyritic quartz syenite on the
west side of Big Sheep Creek would then form part of another,
but closely related, unit of the batholith.

Along the north and south boundaries of the quartz sycnite
body swarms of closely spaced or sheeted north-striking and
steeply dipping dykes of porphyritic trachyte and micro-
syenite represent continuations of the batholith. Near the 49th
parallel these dykes occupy steeply cast-dipping foliations
within the Rossland volcanics.

The porphyritic quartz syenite body is bounded at its
northeast limit by monzonite which forms a steeply dipping
screen separating the quartz syenite pluton from a small mass
of megacrystic sycnite. Both syenite bodies invaded the mon-
zonite, but the megacrystic phase is interpreted to be younger
than the quartz syenite because both the latter and the mon-
zonites of the screen have solid-state foliations. Orthoclase in
the megacrystic body is aligned by magmatic tlow parallel to
the walls of the body, but no foliation has been imposed on
the groundmass.

Syenitic, intermediate, mafic, and Jamprophyric dykes are
widespread in the area. In the Coryell Batholith and its
immediate vicinity syenitic dykes are particularly abundant
and are probably related to the batholith. The majority of the
dykes strike north and have very steep dips. The dykes cut the
O.K. volcanics, and all older rocks, and at least the earlier
phases of the batholith. Intermediate, hornblende-phyric
dykes related to the O.K. volcanics are common near the O.K.
Fault Zone and the directly underlying Mount Roberts
Formation, but not in the syenites.

Deformation during and after the intrusion of the batholith
was of two principal styles. Ductile shearing before and
somewhat after the intrusion of porphyritic quartz syenite was
important in the southern part of Big Sheep Creek valley, at
the 49th parallel. West-dipping ductile faulting (O.K. Fault
and others) also predated the intrusion of the quartz syenite.
Late brittle faulting postdates all rock units and is concen-
trated in the valleys of Big Sheep Creek and Swehaw Creek.

In the southwestern corner of the Big Sheep Creek valley,
near the 49th parallel, a penetrative ductile fabric charac-
terizes the Rossland Group volcanics. This fabric strikes north
and dips moderately to the east, with a strong down-dip
lincation. Late porphyritic syenite dykes were intruded paral-
lel to this fabric and are undeformed. Within the foliated vol-
canics post-tectonic amphibole porphyroblasts have overgrown
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the fabric as a result of heating by the abundant microsyenite
dykes related to the large porphyritic quartz syenite pluton to
the north.

In the batholith just to the north of the foliated volcanics
along Big Sheep Creek there are discrete ductile shear zones
up to 10 m wide whose planar-linear fabric is parallel to that
of the volcanics. These shears cut the otherwise undeformed
batholith and are not parallel to the weak east-trending
magmatic foliation in this region of the batholith, Kinematic
indicators (winged porphyroclasts and rare mica fish) in these
shears indicate hanging-wall-down to the east. The shear
zones in the batholith indicate that the shearing strain that
affected the Rossland volcanics continued until after the
intrusion and early consolidation of the porphyritic quartz
syenite body.

In the study area the extensional faulting can be divided
into two sets, separated in time by the intrusion of the por-
phyritic quartz syenite of the batholith.

An earlier sct of west-dipping normal faults such as the
O.K. Fault and the faults bounding the serpentinite body
predate the intrusion of the porphyritic quartz syenite body.
The O.K. Fault is exposed on the southeast corner of Granite
Mountain, where it is a healed fault zone 5-10 em wide with
a 2 m wide zone of mylonitic foliation around it. This zone
crosscuts, at a low angle, the strong foliation in the footwall
Mount Roberts conglomerates. Fyles (1984) mapped this
fault and several more to the east; he estimated that the O.K.
Fault had a net slip of 600 to 1000 m. This fault appears to
terminate northward against the batholith. The faults bound-
ing the serpentinite body are unexposed, but they are probably
similar, as a parallel zone of strong foliation occurs in the
adjacent serpentinite.

The later set of faults, including the Big Sheep Creek and
Swehaw Creek faults, cut the porphyritic quartz syenite plu-
ton. On either side of the linear valley of Swehaw Creek there
are zones where the syenite is locally crushed. In these
crushed zones feldspar grains are crossed by microcracks and
outcrops are laced with chlorite- and epidote-coated fractures,
some of which display slickenlines (grooves and chlorite
mineral fibres). In thin section this zone is seen to consist of
protocataclasite with strong calcite-chlorite alteration. This
indicates significantly lower P-T conditions than in the
nearby shear zones in the syenite where hornblende is stable.
Orientation of the slickensided surfaces is variable, but most
have steep cast or west dips with slickenlines pitching 70 to
90 degrees. Tracing the fault zone across topography also
suggests near vertical dips.

A zone of crushed rocks including a distinct 10 to 20 m
wide fracture zone crosses the low ridge of syenite in Big
Sheep Creek valley just north of latitude 49°. The crushed
zones are similar to those near Swehaw Creek. Crush zones
were also discovered along the steep east flank of Goat
Mountain and along the east side of the valley west of Record
Ridge where monzonite is apparently offset against medium
grained syenite to the east. Therefore the southern straight
segment of Big Sheep Creek probably follows the trace of a
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stecp fault. Slickenside surfaces and fracture zones with cata-
clasite suggest a near-vertical dip; and slickenlines have steep
pitches implying that motion was largely dip-slip.

The Swehaw and Big Sheep Creek faults are possibly fault
strands in a broad zone extending through the centre of the
batholith. It is on the east side of these faults that the O.K.
volcanics are preserved in the roof of the batholith, and that
the unconformity underlying the Upper Cretaceous Sophie
Mountain Formation is lowest. These suggest east-side-down
motion on the brittle faults, as on the older ductile shear zones.
These faults probably belong to the set of north-striking
faults, such as the Kettle and Slocan Lake faults, formed
during the Eocene extension (Parrish et al., 1988).

CONCLUSIONS

The Coryell Batholith is a large composite quartz syenite,
syenite, and monzonite intrusion. A homogeneous por-
phyritic quartz syenite pluton makes up most of the mapped
area. Older sedimentary and volcanic country rocks and the
earlier Coryell syenite and monzonite phases make up roof
pendants or overlie the porphyritic quartz syenite body’s
outward-dipping contacts. Megacrystic syenite forms a late,
2 km long pluton on the northeast margin of the quartz syenite
body. North-south striking porphyritic syenitic dykes are
abundant in the coarse grained intrusives and surrounding
country rocks.

The most significant structures, aside from the batholith
itself, are east-dipping ductile mylonite zones and later steep
brittle faults. A zone of strong ductile deformation in Jurassic
volcanics in the southwestern part of the map area continues
into the batholith as discrete shear zones, suggesting that
deformation at least partly postdated intrusion. This was
followed by brittle faults along the same trend. Several crite-
ria give an east-side down sense to both episodes of deforma-
tion. The structural style in this area is compatible with
Eocene extensional deformation elsewhere in the southern
Omineca Belt.
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A new regional mapping project in Vernon
map area, British Columbia
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Thompson, R.I. and Daughtry, K.L., 1994: A new regional mapping project in Vernon map area,
British Columbia; in Current Research 1994-A; Geological Survey of Canada, p. 117-122.

Abstract: In Vernon map area (82L) at least two stratigraphic assemblages link Quesnel terrane,
Kootenay terrane and undivided metamorphic assemblages: 1) a Windermere-like biotite/hornblende-
feldspar-quartz assemblage; and 2) a carbonaceous schist, phyllite, argillite assemblage.

Volcanic rocks, east of Vernon, thought to be Triassic and unconformable on older strata are likely part
of an Eocene succession emplaced during crustal extension.

Eocene crustal extension was distributed across a broad area along steeply dipping faults; the horizontal
component across north Okanagan Valley amounts to a few kilometres.

Metallic mineral deposit types include porphyry copper and molybdenum, Kuroko-type volcanogenic
massive sulphide, skarn copper and gold, mesothermal gold, silver, and base metal veins, epithermal gold
and silver veins and breccias, placer gold, and podiform chromite.

Nonmetallic mineral occurrences include granite, sand and gravel, limestone, marble, gypsum, clay,
asbestos, soapstone, coal, agate, opal, jasper, wollastonite, fluorite, palagonite, silica, and kyanite.

Résumé : Dans larégion cartographique de Vernon (82L), au moins deux assemblages stratigraphiques
lient entre eux le terrane de Quesnel, lc terrane de Kootenay et des assemblages métamorphiques non
divisés : 1) un assemblage a biotite/hornblende-feldspath-quartz s’apparentant a ceux du Supergroupe de
Windermere; et 2) un assemblage de schiste carboné, de phyllade et d’argilite.

Les roches volcaniques situées a 1’est de Vernon, sans doute d’age triasique et reposant en discordance
sur des strates plus anciennes, font probablement partie d'une succession d’age éocéne dont la mise en place
a eu lieu pendant un épisode de distension crustale.

La distension de la croite survenue a I'Eocéne s’est effectuée sur une vaste étendue par I’entremise de
failles de fort pendage; la composante horizontale de cette distension, le long d’un transect situé au nord de
la vallée de I’Okanagan, s’établit a quelques kilométres.

Les types de gites minéraux métalliféres sont notamment des gites de cuivre et de molybdéne
porphyriques; des sulfures massifs volcanogénes de type Kuroko; des skarns cupriféres et auriféres; des
gites filonicns mésothermaux de cuivre, d’or ¢t de métaux communs; des gites filoniens et bréchiformes
épithermaux d’or et d’argent; des placers auriféres; et des gites lenticulaires de chromite.

Les indices de substances non métalliques sont composés de granite, de sables et graviers, de calcaire,
de marbre, de gypse, d’argile, d’amiante, de stéatite, de charbon, d’agate, d’opale, de jaspe, de wollastonite,
de fluorine, de palagonite, de silice et de kyanite.

! Discovery Consultants, P.O. Box 933, Vernon, British Columbia VIT 6M8
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INTRODUCTION

Vernon project represents a renewed focus by the Cordilleran
Division of GSC on the bedrock geology and resource endow-
ment of south-central British Columbia.

The Vernon map area, the region of current focus, sits
astride the north Okanagan Valley, a region rich in natural
resources. Lumber, pulp, beef, and fruit are mainstays of a
local economy that continues to grow and diversify as tourism
and recreation, light industry, and urban development play
increasingly significant roles. There is mineral potential but
no current mineral production. This could easily change
however, past exploration efforts have demonstrated signifi-
cant occurrences of volcanogenic massive sulphides, epither-
mal gold, and stratiform base metals.

As people continue to move to and invest in the Okanagan
Valley, land use planning becomes increasingly important.
Assuring reliable and adequate sources of clean water, mini-
mizing the environmental impact of landfills, providing for
the safe disposal of effluent, and restricting urban develop-
ment to areas without slope stability hazards or in the path of
infrequent flash floods, are some of the challenges facing city
and town councils and the professionals advising them. Simi-
lar challenges face provincial land use planners as they try to
balance the need for resource development, such as mining
and forestry, with recreational nceds, and the preservation of
a robust ecology.

A sound geological database is essential if planning is to
be comprehensive. This project will contribute bedrock maps
at a working scale of 1:50 000 and compiled at 1:250 000
scale; this framework will be integrated with other databases
including geophysics, silt geochemistry, surficial geology,
and hydrogeology. Final products will be in hard copy and
electronic forms so that different user groups can tailor output
to specific needs.

This project builds on the considerable contributions of
others. Two regional compilations are especially notewor-
thy: GSC Memoir 296 by A.G. Jones (1959) and GSC Open
File 637 by A.V. Okulitch (1979). They have made sure our
work is "cut out for us'.

GEOLOGICAL SETTING

Two geological terranes abut cach other in Vernon map arca,
Kootenay on the northeast and Quesnel on the west; on the
southeast are 'undivided metamorphic assemblages’ that
have been excluded from terrane classification (Wheeler and
McFeely, 1992). Quesnel Terrane is composed of Upper
Triassic and Lower Jurassic arc volcanic rocks and associated
volcaniclastic rocks overlain by Jurassic arc-derived clastic
rocks; the assemblage was accreted to the North American
margin during Jurassic time. Kootenay Terrane is a succes-
sion of deformed and metamorphosed clastic sedimentary
rocks with subordinate volcanic and carbonate strata; the
succession was intruded by Ordovician, Devonian, and Mis-
sissippian age plutons. Unlike Quesnel Terrane rocks which
are exotic with respect to North America, Kootenay Terrane
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rocks have a strong affinity to ancestral North America; they
were probably deposited at, or close to, the ancestral margin.
The region of "undivided metamorphic assemblages" defines
a large re-entrant extending from Vernon, east to at Jeast
Slocan Lake, and then south to the Canada-U.S.A. border.
Fault-bounded blocks of Quesnel rocks are interpreted to
follow the trace of the re-entrant.

The town of Vernon is at the boundary between the three
assemblages and is a good place to investigate the character
of the terrane boundary, and to look for possible stratigraphic
links to discriminate between pre- and post-accretion history.
It is important to establish whether any of the undivided
metamorphic assemblages, as yet excluded from terrane classifi-
cation, have affinities with Kootenay or possibly Quesnel rocks.

Terrane accretion accompanicd Jurassic and Cretaceous
mountain building that saw imbrication of the continental
terrace wedge, metamorphism, and wholesale eastward dis-
placement of Kootenay Terrane on the order of 200 km.
Regional compilations for the Vernon map area show few
thrust faults or large recumbent (isoclinal) folds of the kind
normally associated with the core zone of an alpine-type
mountain belt. Refined internal stratigraphy may help deter-
mine whether such structures are present.

Crustal extension early in the Tertiary, postdated, for the
most part, thrust faulting and folding associated with Jurassic,
Cretaceous, and early Tertiary mountain building. The
Okanagan Valley-Eagle River Fault is a west-side-down lis-
tric normal fault that follows southern Okanagan Lake and
apparently continues north-northeast bisecting Vernon map
area from Wood Lake to Mara Lake where the fault bends
northeast to follow the trace of the Eagle River. Estimates of
fault displacement across southern Okanagan Lake is tens of
kilometres. Fortunately there is sufficient geological control
along an east-west transect through Vernon to constrain the
geometry and magnitude of Early Tertiary extension thereby
placing limits on the nature of the Okanagan Valley-Eagle
River structure in this part of the Vernon map area.

1993 Coverage

Work was confined to the Oyama (82L/3) and Vernon
(82L/6) 1:50 000 map areas.

STRATIGRAPHY

Biotite/hornblende-feldspar-quartz assemblage

At the lowest structural and presumably stratigraphic level,
on the east side of Kalamalka Lake, is a thick biotite and/or
hornblende feldspar-quartz semi-schist interlayered with 1 to
10 m thick units of foliated feldspar-quartz "grit" (Fig. 1).
The latter can be traced for kilometres; the units have sharp
contacts, compositional homogeneity, and are foliated. On
weathered surfaces, coarse sand- to grit-sized feldspar grains
weather prominently, showing a tightly packed equigranular
texture. Individual feldspar grains have well defined bounda-
ries and grain size is independent of proximity to unit bounda-
ries. The more pelitic semi-schists are finer grained and more



compositionally diverse than foliated feldspar-quartz layers.
A white "marble' marker unit has been traced several kilome-
tres within the succession. The unit, about 20 to 40 m thick,
is a metamorphosed calcareous quartzite/siliceous marble
with one or more layers of feldspar-quartz grit. Hornblende-
rich "greenstone" lenses and layers are present. Pegmatite is
common and occurs as crosscutting dykes, folded dykes and
sills, and irregular intrafolial layers.

R.l. Thompson and K.L. Daughtry

Thickness of the biotite/hornblende-feldspar-quartz as-
semblage cannot be estimated until internal structure is better
understood.

Age of the protolith is inferred to be late Proterozoic.

This assemblage is part of the "granitoid gneiss, schist,
phyllite, slate unit" of Jones (1959); the "dioritic gneiss, amphi-
bolite unit" of Okulitch (1979); and the "undifferentiated meta-
morphic assemblage (protolith unknown)" of Wheeler and
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McFeely (1992). For four reasons, the succession east of
Kalamalka Lake is interpreted as metamorphosed Win-
dermere Group sandstone and pelite: overall compositional
homogeneity dominated by feldspar, quartz, and biotite/horn-
blende; great thickness yet lack of good internal stratigraphy;
presence of feldspathic "grit" units with stratigraphic conti-
nuity; and stratigraphic position at the base of known Palco-
zoic stratigraphy. The abundance of feldspathic "grit" may
signify proximity to a source terrain.

Quartzite, schist, greenstone assemblage

Quartzite and micaceous quartzite interlayered with biotite
and/or hornblende quartz-feldspar schist separates the coarser
and older feldspathic grit and pelite from younger Paleozoic
rocks (Fig. 1). It 1s mapped along the base and west-facing
slope of Vernon Hill, can be traced northward across BX
Creek into the base of Silver Star Mountain, and has been
recognized in the Brewer Creek area southeast of Lavington
where it is interbedded with, and overlain by, foliated, fine
grained greenstone.

The thickness of the succession probably doesn’t exceed 500 m.

The age is unknown but these rocks are assumed to be
Windermere.

Carbonaceous schist, phyllite,
limestone assemblage

A carbonaceous metasedimentary assemblage of phyllite,
graphitic schist, siliceous argillite, and argillaceous chert is
widespread from the west side of north Okanagan Lake east
to the Trinity Valley and from the south slopes of Coldstream
Valley north beyond Silver Star Mountain (Fig. 1). Volcanic
rocks form a minor part. One to 5 m thick flows of foliated
and altered andesitic(?) porphyry were mapped near Becker
Lake, and sheared, fine grained greenstone occurs near
Adventure Bay. '

A distinctive recrystallized limestone forms a continuous
and useful time-stratigraphic marker within the carbonaceous
assemblage. This Permian-aged carbonate (Jones, 1959) has
been mapped from west of Okanagan Lake to the base of
Bluenose Mountain south of Lavington, including both sides
of the Coldstream Valley. The limestone lacks primary sedi-
mentary features except occasional feeding burrows. Crinoid
stems are present in most massive exposures, recognizable as
lighter-coloured cylindrical features, some of which weather
out; rarely, slight silicification indicates presence of coral-like
features.

Mapping by Okulitch (1979) and Jones (1959) suggests
the carbonaceous assemblage extends into adjacent 1:50 000
scale map areas.

Thickness of the assemblage is difficult to estimate but
thickness of the Permian limestone within it is no more than 50 m.
Jones (1959) estimated a total thickness of approximately
25000 ft (8000 m): 8000 ft. (2500 m) of argillite overlain by
8000 ft. (2500 m) of andesitic volcanics succeeded by 10 000 ft.
(3200 m) of limestone.
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The volcanic succession of Jones (1959), discussed be-
low, occurs above the carbonaceous assemblage and is sepa-
rated from it by an erosional unconformity.

Age of the carbonaceous assemblage probably ranges
from Carboniferous to Triassic. Constraints are the Permian
limestone marker unit and Triassic limestone that occurs east
of Lumby (Okulitch and Cameron, 1976).

Volcanic breccia, conglomerate assemblage

An assemblage of massive volcanic breccia with subordinate
conglomerate facies was mapped from north of Okanagan
Landing through the town of Vernon to the east side of
Kalamalka Lake. A second set of exposures extends along
the north side of the Coldstream Valley to Lavington and
south of Lavington at Bluenose Mountain (Fig. 1). Thcse
volcanics are broadly folded and fault-bounded, and consid-
ered here to be part of a succession of Eocenc volcanics
erupted during crustal extension. Jones (1959) mapped part
of the succession as Paleozoic and the remainder as Tertiary;
Okulitch (1979) considered part of the succession Triassic
(Nicola Group) and the remainder Tertiary.

This volcanic succession, mapped previously as two sepa-
rate units, can be traced continuously from one to the other.
It lacks structural and metamorphic imprints of older assem-
blages, suggesting it was deposited after metamorphism and
penetrative deformation. An Eocene age is suggested on the
basis of gross lithology and similarity with nearby Eocene
exposures in Vernon townsite, at Bluenose Mountain, and
west of Coldstream Creek.

The unconformity separating the volcanics from underly-
ing rocks is erosional with metres, if not more, of relief. It
has been the focus of previous investigations (Preto, 1964;
Read and Okulitch, 1977) and correlated with a mid-Triassic
unconformity having regional extent. However, where the
unconformity can be dated paleontologically, along the
Salmon River about 40 km west of Vernon town site, the
overlying fossiliferous Triassic succession consists of con-
glomerate, argillite, basic and vitric tuff, greywacke, and
calcarenite, a succession more typical of the eastern clastic
facies of the Nicola Group and bearing little resemblance to
the massive breccias mapped in and around Vernon town site.

Miocene(?) conglomerate unit

The north-flowing creek that drains King Edward Lake also
cuts through a conglomerate that underlies younger Miocene
basalt flows. The conglomerate can be traced about a kilo-
metre along the valley wall, is not more than 80 m thick, and
probably represents a coarse fluviatile unit; it is not continu-
ous beneath the overlying volcanic flows but has been ob-
served east of King Edward Creek for several kilometres and
southeast of Oyama. Clasts consist, for the most part, of
rounded quartz and feldspar-quartz granitoid in a yellow-
brown-weathering matrix of quartz, feldspar grit, and sand.
Some placer gold has been recovered from this unit.



Miocene and younger volcanic assemblage

Columnar jointed, aphyric and olivine phyric basalt flows and
rhyolite flows cap the Thompson Plateau. Unlike the older
Eocene(?) volcanic assemblage, these flows are essentially
flat lying.

Intrusive rocks

There is a plethora of intrusive rocks with a wide variety of
compositions and ages. The most obvious and areally exten-
sive are the foliated diorite, quartz diorite, and granodiorite
of the Nelson plutonic suite of Jurassic age cut by unfoliated
pink and buff weathering syenite and quartz monzonite of
Eocene age (named Coryell Syenite in Penticton map area to
the south). They are intruded by matic dykes especially near
the contacts between them. The ridge separating Okanagan
from Wood and Kalamalka lakes is dominated by these
plutonic suites. A third suite comprising unfoliated biotite
granite containing feldspar megacrysts (Okanagan Batholith
of Cretaceous age) is present but has not been separated from
the pink syenite suite.

Foliated diorite and granodiorite intrudes the biotite/horn-
blende-feldspar-quartz assemblage especially near the south-
emn limits of Oyama map area. In areas where foliation is
intense, diseriminating the diorite from the biotite/hornblende
feldspar-quartz assemblage is difficult.

Foliated diorite also forms small intrusions at Craster
Creek 3 km south of Lavington; herc the intrusions are cut by
gold bearing quartz veins occupying a steeply dipping frac-
ture zone (Kalamalka Property, Minfile No. 082LSW050).

A foliated, light grey biotite granite intrudes the mi-
caceous quartzite assemblage on the west-facing lower slopes
of Vernon Hill. This intrusion is a large lens-shaped body
within the compositional layering of enveloping metasedi-
mentary rocks. Small granite intrusions similar in texture and
composition occur near the peak of Silver Star Mountain.

Two occurrences of foliated and altered ultramafic rocks,
possibly small lens-shaped bodies, occur near Becker Lake.

Two ultramafic intrusions, one immediately north of
Okanagan Landing and the other crossing the lower reaches
of Brewer Creek, arc medium to coarse crystalline and unfo-
liated; fine crystalline microdiorite(?) is common at the mar-
gins, These intrusions are distinct from the occasional
foliated and altered ultramafic rocks noted above. Some
quartz veins within the ultramafic bodies are gold bearing.

Small, unfoliated, crosscutting feldspar porphyry dykes
occur sporadically.

STRUCTURE

No major contractional structures have been mapped. On
Vernon Hill, the oldest rocks are at the bottom, the youngest
at the top; this is true for the south side of Coldstream Valley
between Kalamalka Lake and Lavington. A penetrative
foliation — schistosity in the feldspar-quartz rich assemblages

R.I. Thompson and K.L. Daughtry

and cleavage in the carbonaceous assemblage — affects all
units older than the presumed Eocene volcanic breccia, con-
glomerate assemblage. An east-trending mineral lineation
defined, most often, by alignment of micas or amphiboles, is
common. Upright mesoscopic folds are rarely observed
probably because of poor exposure. Some thin pegmatitic
layers within the biotite/hornblende-feldspar-quartz assemblage
outline complex folds that appear related to intrafolial flow.

Upright, gentle folds are outlined by the Permian lime-
stone marker unit within the carbonaceous assemblage. One
cast-trending syncline traverses Craster and Brewer creeks
south of Lavington; another plunges eastward into Kalamalka
Lake at the Department of National Defense Range and
Training Reserve.

Tertiary extension faults

North-northeast trending extension faults coincide with
Kalamalka Lake, and each of the two arms at the northern
termination of Okanagan Lake. Dips are relatively stecp and
total extension is estimated as 5 km or less. The Permian
limestone marker, which can be mapped across each of the
blocks west of Kalamalka Lake constrains both the geometry
and displacement across the faults. Other steeply dipping
faults are present. For example Mount Middleton, at the north
end of Kalamalka Lake is fault-bounded; the headwaters of -
Coldstream Creek traces a north-trending cast-side-down fault;
the west margin of Vernon Hill is bounded by a west-side-
down extension fault.

If the Okanagan Valley-Eagle River Fault follows Wood
Lake and Kalamalka Lake, it dips relatively stceply having a
throw of less than 1 km; total east-west extension would be
5 km at most. Presence of biotite-feldspar-quartz schist be-
longing to the biotite/hornblende feldspar-quartz assemblage
on both east and west sides of Wood Lake, ncar water level,
suggests the fault has minor displacement there.

Timing

Rocks older than the volcanic breccia, conglomerate assem-
blage are metamorphosed and foliated. Because the diorite
and granodiorite of the Nelson Plutonic Suite are foliated,
some deformation must have accompanied and/or postdated
emplacement of the plutons. As conglomerate associated
with the volcanic breccia assemblage contains foliated, ran-
domly oriented metasedimentary and plutonic clasts, regional
penetrative deformation and metamorphism predates deposi-
tion of the conglomerate. This leaves a period between the
mid-Jurassic and the Eocene for this deformation.

Contradictory evidence comes from Salmon River. Here,
Read and Okulitch (1977) mapped a pre-upper Triassic con-
glomerate containing randomly oricnted clasts of older strata
that are metamorphosed and foliated, whercas upper Triassic
strata overlying the conglomerate are neither foliated nor
regionally metamorphosed. Their data suggest regional
metamorphism and deformation sometime between the
Permian and the late Triassic.
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As for extension, the volcanic breccia, conglomerate as-
semblage has dips up to 40 degrees and is cut by extension
faults. The overlying Miocene and younger volcanic flows
have very gentle regional dips. Extension occurred during
and after deposition of the volcanic breccias.

RESOURCE POTENTIAL

Metallogenic overview

The diverse tectonic history of the Vernon map area, evident
in the juxtaposition of the different rock assemblages, is
mirrored in this diversity of mineral deposits. Each important
rock assemblage is characterized by a distinct assemblage of
mineral deposit types.

In the Kootenay Terrane, older metasedimentary rocks
with affinity to North America host sedimentary-exhalative
zinc+leadtsilver tcopper deposits, whereas the younger
Palaeozoic volcanic and sedimentary rocks related to conti-
nental margin rifting and early arc development host (Besshi-
type) volcanogenic massive sulphide mineralization.

The carbonaceous phyllite, limestone, and associated vol-
canic rock assemblage contains numerous mesothermal
goldtsilver vein occurrences as well as gold skarns. Also,
almost all of the Tertiary and Quaternary placer gold deposits
are spatially related to this assemblage.

Island-arc related rocks of the Quesnel Terrane host
occurrences of Kuroko-type volcanogenic massive sulphide
mineralization and copper+gold skamns. In one locality, a high-
level alkaline intrusion, related to the Nicola Group volcanic
rocks, carries alkalic porphyry copper+gold mineralization.

Along the (presumed) suture zone between the Quesnel
and Kootenay Terranes, ophiolitic rocks contain podiform
chromite, asbestos, nickel, and talc occurrences.

In the Mesozoic plutonic rocks of the Quesnel Terrane,
both porphyry copper-molybdenum and porphyry molybde-
num occurrences are common, including the Brenda Mine, a
major past-producer which is a short distance outside the
southwest part of the map area. In contrast, only minor
porphyry molybdenum mineralization is known in Mesozoic
plutonic rocks of the Kootenay Terrane. Granitic rocks in
both terranes host mesothermal vein gold occurrences.

Post-accretionary Eocene overlap assemblage rocks are
characterized by a distinct assemblage of mineral deposit
types, including coal in basal sedimentary units, epithermal
gold and gold-silver mineralization related to extensional
structures, opal, jasper, and agate occurrences in both sedi-
mentary and volcanic units, and minor sediment-hosted ura-
nium occurrences.

The overlap assemblage also includes plateau basalt flows
of Miocene age which overlie buried fluvial channel deposits
containing minor uranium mineralization.
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Current production

At present, mining activity is restricted to gypsum at
Falkland, ornamental marble near Mabel Lake, granite near
Vernon and Oyama, alumina at Buse Lake, limestone near
Kelowna, numerous sand and gravel operations, and minor
placer gold and gemstone production.

Current exploration

In recent years, systematic mineral exploration activity has
focused on volcanogenic massive sulphides in rocks of the
Eagle Bay Formation, epithermal gold in Eocene volcanic
units and their underlying basement rocks, sedimentary exha-
lative deposits in lower Paleozoic and Proterozoic sedimen-
tary rocks, and skarn gold in Paleozoic and Triassic rocks.

Southwest quadrant, Vernon map area (82L)

The southwest quadrant of Vernon map area contains a diverse
array of mineral occurrences. Metallic mineral deposit types
include porphyry copper and molybdenum, Kuroko-type vol-
canogenic massive sulphide, skarn copper and gold, mesother-
mal gold, silver and base metal veins, epithermal gold and silver
veins and breccias, placer gold, and podiform chromite.

Documented nonmetallic mineral occurrences include
granite ornamental and building stone, sand and gravel, lime-
stone, marble, hydrothermal gypsum, clay, asbestos, soapstone,
coal, agate, opal, jasper, wollastonite, fluorite, palagonite, silica,
and kyanite.
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Was ihe depositional environment of the
Sullivan Zn-Pb deposit in British Columbia
marine or lacustrine and how saline was it?:
a summary of the data

F.W. Chandler and G.A. Zieg'
Continental Geoscience Division

Chandler, F.W. and Zieg, G.A., 1994: Was the depositional environment of the Sullivan Zn-Pb
deposit in British Columbia marine or lacustrine and how saline was it?: a summary of the data;
in Current Research 1994-A; Geological Survey of Canada, p. 123-130.

Abstract: Published information and new sedimentological data suggest that the mid-Proterozoic
Aldridge Formation of British Columbia and the correlative Prichard Formation in the United States, were
deposited in atidal sea of normal salinity, with perhaps hypersaline bottom water and under ahot dry climate.

Evidence comes from various broadly correlative formations: the Aldridge, Prichard, Fort Steele,
LaHood, Waterton, Altyn, Chamberlain, Newland and ?Yellowjacket. It includes opposed crossbedding
and ripples, syneresis cracked tidal bedding, simple sulphate — evaporite mineral composition, abundant
scapolite, chamosite, dry-climate alluvial fan sediments, geochemical and isotopic data and a moderate
index of weathering. The marine environment of the Sullivan appears to be in contrast to some major
mid-Proterozoic Australian SEDEX deposits.

Résumé : L’information publiée et de nouvelles données sédimentologiques semblent indiquer que la
Formation d’Aldridge (Protérozoique moyen), en Colombie-Britannique, et la formation corrélative de
Prichard, aux Etats-Unis, sc sont déposées dans une mer soumise a des marées, aux eaux de salinité normale,
avec peut-étre des caux de fond hypersalines, dans des conditions climatiques chaudes et arides.

Les indices viennent de diverses formations globalement corrélatives, a savoir les formations
d’ Aldridge, de Prichard, de Fort Steele, de LaHood, de Waterton, d’Altyn, de Chamberlain, de Newland et
de Yellowjacket?. Ces indices sont : des stratifications obliques ct des rides de sens inverse d’une strate a
I’autre; des couches a tigures de rétractation sous-aquatique formées dans la zone de battement des marées;
un assemblage de sulfates et d’évaporites présentant une composition minérale simple; de la scapolite en
abondance; la présence de chamosite; des sédiments de cone de déjection déposés dans un climat aride; les
données géochimiques et isotopiques; et un indice modéré d’altération météorique. Le milieu marin du
gisement de Sullivan parait trés différent de celui qui caractérise certains importants gisements australiens
de type SEDEX du Protérozoique moyen.

" Cominco American Limited, East 15120 Euclid Ave, Spokane, Washington, 99216-1896
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INTRODUCTION

The Sullivan Deposit at Kimberley, British Columbia
(Fig. 1), is a world-class 160M tonne SEDEX lead-zinc de-
posit (Hamilton et al., 1983). Because the ore reserves of the
mine are almost exhausted, much valuable information at the
mine will shortly become lost when the mine closes. In order
to document the ore body and its environment as fully as
possible before this event, an international research program
was formed. Led by John Lydon of the Geological Survey of
Canada, it includes staff of the United States Geological
Survey, the British Columbia Ministry of Energy, Mines and
Petroleum Resources and several universities.

This report focuses on two unresolved related questions:
(a) whether the lower Belt basin was marine or lacustrine
(Winston, 1986, p. 542) and (b) whether evaporites formed in
the basin (see Hietanen, 1967; Leitch, 1992; White, 1977).
These questions are important because of the role of brines as
ore fluids. In order to seek clues to the salinity of the water in
which the Aldridge Formation was deposited, the literature
was searched for evidence of salinity e.g. chamosite, glau-
conite, evaporites, syneresis cracks (Allen, 1982; Plummer
and Gostin, 1981), tidally influenced rippled bedding
(Reineck and Wunderlich, 1968) and herringbone crossbed-
ding (Klein, 1977, fig. 3-5). Some reported exposures were
checked and relevant formations were examined for new data.

The Belt/Purcell Supergroup occupies a broadly north-
northwest striking belt mainly in Montana and Idaho and
extending north into British Columbia and Alberta (Fig. 1).
It consists of four divisions: (a) the lower Belt, dated at
1.48 Ga (Hoy, 1989), (b) the Ravalli Group, (c) the middle
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Belt carbonate unit, and (d) the Missoula Group. The lower
Belt includes a mainly turbiditic unit, termed the Prichard
Formation (Fig. 2) in the United States (Cressman, 1989) and
the Aldridge Formation in Canada (Hoy, 1993). Other
broadly correlative formations in the lower Belt include: in
Waterton and Glacier National parks, the Waterton and over-
lying Altyn and Appekunny formations; east of Kimberley,
British Columbia, the Fort Steele; in the Helena Embayment,
the Neihart, LaHood, Chamberlain and Newland, and in
Idaho, possibly the Yellowjacket (Ekren, 1988; Harrison,
1972; Héy, 1993; Winston, 1986, fig. 4, 5). These mainly
shallow water and alluvial correlative formations formed the
focus of this study because coastal to alluvial sediments are
more likely toretain a sedimentological imprint of palcosalin-
ity, tidal activity and paleoclimate than would decp water
turbidites.

ENVIRONMENTAL INDICATORS IN THE
LOWER BELT SUPERGROUP

The Aldridge and Prichard formations

The Aldridge Formation of British Columbia is a 2-4 km thick
(Hoy, 1993) sequence of quartzofeldspathic wackes
(Cressman, 1989; Shaw et al., 1993), divided into three parts:
lower fine grained turbidites, middle, mainly quartz wackes,
and a shoaling, non-turbiditic, upper argillaceous part (Hoy,
1993). The Sullivan lead-zinc deposit was formed at the
boundary between the lower and middle parts (Hoy et al.,
1991). Leitch (1992) inferred from saline (15-27 wt%) fluid
inclusions a relation between saline fluids and the Sullivan
deposit and the possibility that evaporites might be present at
depth. Hoy et al. (1993) reported crystal casts with the swal-
low tail form of selenite from the middle member of the
Aldridge Formation, near Kimberley (Fig. 1).

The >6 km thick Prichard Formation forms the bulk of the
lower Belt turbidite sequence. Cressman (1989) divided it
into a muddy turbidite facies and a broadly correlative sandy
turbidite facies to its northwest. From the middle of the
muddy facies (member E) Cressman (1989, p. 20) reported
hummocky crossbedding, desiccation cracks and mud chip
breccias. Finch and Baldwin (1984) also identified shallow
water to emergent units, some with mud cracks, in the
Prichard.
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Figure 2. Stratigraphic correlations in the lower part
of the Belt-Purcell Supergroup, USA-Canada, after
Harrison (1972).
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Hietanen’s (1967) interpretation of scapolite in the formation
being formed from marginal marine evaporites. Microfossils
from chert of the Newland Formation (Horodyski, 1993)
originated in offshore waters that appear not to have been
hypersaline. This is in keeping with the absence so far, of
reports of bedded evaporites, an indicator of hypersaline
standing water, in the lower Belt. We stress that the nodular
evaporites discussed here merely indicate evaporative coastal
conditions. It would be important to determine whether the
scapolite in the Prichard Formation is bedded or of sabkha
type. Possible evidence of deep hypersaline water is the report
of crystal casts (Hoy et al., 1993) with the swallow tail form
of selenite from the middle member of the Aldridge Formation.

Schieber (1993), used mass balance calculations to infer
that the Belt basin had an oceanic connection. The high
sulphur/carbon ratio in turbidites of the lower part of the
Aldridge Formation (also Goodfellow, pers. comm., 1993)
and from the Chamberlain and Newland formations of the
Helena Embayment, as well as the high degree of sulphidation
of iron in these formations (Lyons, 1993) indicated a marine
rather then a fresh water environment. Both oxygeniferous
and euxinic settings may be represented. A bimodal positive
sulphur isotopic composition for the Newland and Chamberlain
formations was interpreted by Lyons (1993) as caused by two
pyrite-forming processes ((a) hydrothermal and (b) bacterial
sulphate reduction), similar to the modern red Sea. Overlap
of bacterial sulphide and sulphate isotopic ratios for the lower
Newland suggested that the basin was marked by periods of
isolation. Chamosite, a mineral common in warmer, modern,
shallow, shelf seas, (Johnson, 1978) in the Newland Forma-
tion (Schieber, 1993) is also suggestive of marine deposition.

Evidence of the hot dry climatic conditions conducive to
formation of sabkha evaporites in Prichard/Aldridge time
(White, 1977) comes also from both paleomagnetic data (in
White, 1984) and from the alluvial fan part of the LaHood
Formation where relative abundance of mud flows suggests
that the fan was formed under a dry climate. Further the
chemical index of alteration (CIA) of the Belt Supergroup is
65-70 and varies little. In comparison with the average
Archean shield of northwestern Ontario (CIA = 49.5), Pleis-
tocene varved clays (CIA = 60-65), Early Proterozoic varvites
(CIA = ~55-65) and the average shale (CIA =70-75) (Nesbitt
and Young, 1982), the CIA of the Belt indicates moderate
chemical weathering (Schieber, 1993) in keeping with a dry
climate.

ECONOMIC IMPLICATIONS

The Sullivan deposit belongs to a class of very large sediment
hosted exhalative (SEDEX) base metal deposits. Most
authors (Large, 1983; Sangster, 1990) have favoured a
seafloor syn-sedimentary origin for them, with brines
involved in their genesis (Morganti, 1988; Neudert and
Russell, 1981), and evaporites characteristic of the host rocks
of major examples (Muir, 1983) or of associated shelf succes-
sions (Large, 1983). Evidence of close association of eva-
porites with the Sullivan deposit is tenuous. Russel (1991)
advocated stratified, tropical lakes or seas as settings for SEDEX
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deposits: the major middle Proterozoic (1680-1690 Ma)
SEDEX deposits of northern Australia (HYC or McArthur,
Dugald River, Lady Loretta, Mt. Isa, Hilton) have been inter-
preted as formed in saline lakes (Muir, 1983; Neudert and
Russell, 1981). Muir (1983) referred to trona casts and shor-
tite, sodium minerals that form in alkaline lakes. But Eugster
(1987), noting the bedded barite with the Lady Loretta
Deposit classes it as a marine SEDEX deposit.

CONCLUSIONS

Whereas there is evidence that most of the Australian deposits
formed in saline lacustrine environments, evidence presented
here, suggests that the Sullivan deposit formed in a low
latitude marine environment under a dry climate. Although
the open sea was probably not hypersaline, there is limited
evidence of hypersaline deep bottom water and broadly con-
temporaneous coastal evaporites formed in the Belt Basin.

l.
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Field evidence for Early Proterozoic tectonism in
core gneisses of Frenchman Cap dome, Monashee
complex, southern Canadian Cordillera

James L. Crowley! and Peter M. Schaubs!
Cordilleran Division

Crowley, J.L. and Schaubs, P.M., 1994: Field evidence for Early Proterozoic tectonism in core
gneisses of Frenchman Cap dome, Monashee complex, southern Canadian Cordillera; in Current
Research 1994-A; Geological Survey of Canada, p. 131-141.

Abstract: Early Proterozoic migmatization and deformation were identified in core gneisses of
Frenchman Cap dome during recent fieldwork. The principle evidence is that granite dykes which were
previously estimated as Early Proterozoic age postdate the oldest migmatitic and gneissic fabric (S1) in the
core gneisses. The dykes and S1 are interpreted as predating the overlying cover gneisses because the dykes,
which occur throughout the core, do not intrude the cover. The dykes are deformed by F2 folds, yet they
are not transposed into the dominant S2 fabric and are neither migmatitic nor gneissic. Recognition of S1
and the deformation state of the dykes suggest that core gneisses were less affected by Phanerozoic tectonism
than cover gneisses at higher levels. These field interpretations corroborate previously obtained isotopic
data. Various rock types from all levels were sampled for a U-Pb geochronological study that attempts to
refine ages of protolith and tectonism.

Résumé : Un épisode de migmatisation et de déformation remontant au Protérozoique précoce a été
reconnu dans les gneiss du noyau du déme de Frenchman Cap lors de travaux récents sur le terrain. Le
principal indice est que les dykes de granite dont I’age avait été fixé au Protérozoique précoce sont
postérieurs a la structure migmatitique et gneissique la plus ancienne (S1) relevée dans les gneiss du noyau.
Les dykes et S1 seraient antérieurs aux gneiss de couverture sus-jacents parce que les dykes, qui s’ observent
partout dans le noyau, ne pénétrent pas les roches de couverture. Les dykes dont déformés par des plis F2,
bien que n’étant pas transposés pour autant dans la structure S2, et ne sont ni migmatitiques ni gneissiques.
Lareconnaissance de S1 et ’état de déformation des dykes indiquent que les gneiss du noyau ont été moins
touchés par I’activité tectonique du Phanérozoique que les gneiss de couverture a des niveaux supérieurs.
Ces interprétations établies sur le terrain corroborent les données isotopiques recueillies auparavant. Divers
types de roches de tous les niveaux ont été échantillonnés en vue d’une étude géochronologique U-Pb visant
a préciser les dges du protolite et de ’activité tectonique.

: Department of Earth Sciences and Ottawa-Carleton Geoscience Centre, Carleton University, Ottawa, Ontario K1S 5B6
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INTRODUCTION

Frenchman Cap and Thor-Odin domes in the northern and
southern Monashee complex, respectively (Fig. 1, 2), are
cored by Early Proterozoic orthogneiss and older paragneiss
(Wanless and Reesor, 1975; Armstrong et al., 1991;
Parkinson, 1991) which are interpreted as westernmost expo-
sures of the North American craton in the southern Canadian
Cordillera. These core gneisses are unconformably overlain
by metasedimentary-dominated cover gneisses, which were
mapped on the north flank of Frenchhman Cap dome by
Wheeler (1965), McMillan (1973), Psutka (1978), Brown
(1980), Journeay (1986), Hoy (1987), and Scammell and
Brown (1990). Cover gneisses are bounded above by a thrust
fault, the Monashee décollement (Brown, 1980; Journeay,

1986), which transported the Selkirk allochthon in its hanging
wall at least 80 km to the east (Read and Brown, 1981).
Although previous U-Pb geochronology in Frenchman Cap
dome has approximated ages of a few core orthogneiss bodies
(Armstrong et al., 1991) and the age of a metamorphic event
in the cover gneisses in the vicinity of the Monashee décolle-
ment (Journeay and Parrish, 1989; R.R. Parrish, unpublished
data, pers. comm., 1991), there is uncertainty in the ages of
(1) older deformation and metamorphism in core and cover
gneisses, (2) deposition of core and cover paragneisses, and
(3) intrusive and extrusive magmatism in the cover. The ages
of these rocks and tectonic events in Frenchman Cap dome
have important implications for reconstruction of the south-
ern Omineca Belt.
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Figure 1. Tectonic map of southeastern British Columbia, modified after Wheeler and McFeely (1991 ).
Box in inset map locates this map with respect to the Omineca Belt and Superterranes I (Intermontane ) and
I (Insular) of Monger et al. (1982 ). The Monashee décollement (MD1, MD2) is underlain by the Monashee
complex (MC) and overlain by the Selkirk allochthon, which east of the complex is composed of the
Clachnacudainn terrane (CT), Goldstream slice (GS), and lllecillewaet slice (1IS). The Selkirk fan structure
(SFS) lies in the northern Selkirk Mountains. Tertiary normal faults are Columbia River fault (CRF) and
Eagle River fault (ERF). Granitoid bodies are Adamant pluton (AP), Battle Range batholith (BRB),
Bugaboo batholith (BB), Fang stock (FS), Galena Bay stock (GBS), Kuskanax batholith (KB), Long Ridge
pluton (LRP), Mount Fowler suite (MFS), and South Fosthall pluton (SFP).
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Figure 3. Metamorphic isograds and zones mapped by Journeay (1986) on the north flank of Frenchman

Cap dome. Mineral assemblages are those mapped by this study and symbols depicting assemblages are
those used by Journeay. P-T grid is from Spear and Cheney (1989). Mineral abbreviations are andalusite

(and), biotite (bt), granitic melt (gr.melt), K-feldspar (Ksp), kyanite (ky), garnet (gt), muscovite (mu)
Na-feldspar (Naf), quartz (qz), sillimanite (si), and staurolite (st)




The goal of this project is to estimate ages of protolith,
magmatism, metamorphism, and deformation on the north
flank of Frenchman Cap dome (Fig. 2) through mapping and
U-Pb geochronology. Fieldwork in 1993 consisted of collec-
ting samples and documenting their field relationships. This
paper presents the pertinent relationships, after setting them
in a regional context by briefly outlining previously collected
data, the resulting interpretations, and reasons why the deter-
mination of ages of protolith and tectonism is significant to
understanding the southern Omineca Belt.

PREVIOUS AGE ESTIMATES

This discussion is restricted to previous age estimates from
Frenchman Cap dome (refer to Wanless and Reesor (1975),
Duncan (1982), Coleman (1990), and Parkinson (1991) for
data from Thor-Odin dome).

Journeay (1986) provided petrological evidence for a
normal Barrovian mectamorphism (M1) in the Ratchford
Creek map arca that was overprinted by an inverted Buchan
metamorphism (M2). Figure 3 delineates isograds resulting
from each cvent. Journeay interpreted M1 as occurring athigh
pressure during to slightly after Middle Jurassic east-directed
displacement on the Monashee décollement (MD1) and sec-
ond phase folds in the dome. The inferred Middle Jurassic age
for M1 was based on correlation of M1 isograds across the
décollement into the Kootenay Arc, where Archibald et al.
(1983) documented Middle Jurassic high pressure metamor-
phism and plutonism, and on the estimated age of MDI.
Journeay postulated that the inverted M2 was synchronous
with to slightly younger than Late Cretaceous toearly Tertiary
east-directed thrusting on the Monashee décollement (MD2).
M2 was interpreted as a result of ramping of increasingly
hotter and deeper tectonic levels of the Selkirk allochthon
onto the cooler and shallower levels of the Monashee com-
plex. The age assigned to M2 was based on the time required
to exhume Frenchman Cap dome by 12-15 km from depths
attained during a Middle Jurassic M1 given exhumation rates
of 0.1-0.2 mm/a (uplift rates in Kootenay Arc for this time
period as determined by Archibald et al., 1983). This discus-
sion points out that Journeay’s inferred ages of M1 and M2
are not based on U-Pb geochronological data from the dome.

Armstrong ct al. (1991) reported that Frenchman Cap
dome core gneisses contain highly radiogenic Sr that scatters
about a 2206 £ 117 Ma (1 sigma) Rb-Sr isochron, Sm-Nd
whole-rock and crustal-residence (Tp),) ages of ~2.3 Ga, and
mafic-felsic layering that is the same Early Proterozoic age
as the rocks themselves. Zircon fractions from three
orthogneiss samples have U-Pb ages that lie on chords with
upper intercepts (inferred to be minimum time of crystal-
lization) of 2066-2103 Ma. Granite described by Armstrong
et al. as "little deformed, essentially postkinematic" (p. 1186)
from the toe of Bourne Glacier (sample PCA-305B-83)
yielded data that was interpreted as indicating either intrusion
or metamorphism at 1851 + 8 Ma; the presence of xenocrystic
zircon made interpretations uncertain. The lack of major
Pb-loss in monazite suggested that the granite was not
reheated to migmatite-forming conditions after monazite

J.L. Crowley and P.M. Schaubs

growth. Armstrong et al. concluded that core gneisses were
little affected after the Early Proterozoic because there is no
consistent isotopic pattern indicating, or even suggesting Late
Proterozoic or younger magmatism, metamorphism, or
migmatization.

Further evidence for Early Proterozoic metamorphism in
core gneisses is found in unpublished Early Proterozoic titan-
ite and zircon U-Pb ages (R.R. Parrish, unpublished data,
pers. comm., 1991) from amphibolite sample OP-90-12 that
is interlayered with augen orthogneiss south of Pettipiece
Pass (Fig. 2). Zircons have a morphology suggesting that they
grew during metamorphism. A moderate degree of Pb-loss in
titanite implies that the sample was not subjected to upper
amphibolite facies conditions after titanite growth. Other
monazite and zircon U-Pb ages (Journeay and Parrish, 1989;
R.R. Parrish, unpublished data, pers. comm., 1991) indicate
that on the west and northwest flanks of the dome (1) there
was an early Tertiary metamorphic event in kyanite-bearing
cover gneisses in the vicinity of the Monashee décollement
and (2) early Tertiary pegmatites cut across fabrics in the
footwall of the décollement.

These reconnaissance isotopic studies in Frenchman Cap
dome suggest that the most recent significant metamorphism
is Early Proterozoic age in the core and early Tertiary age in
the cover in the vicinity of the Monashee décollement. No
available data suggest that major metamorphism or deforma-
tion occurred between these ages.

SIGNIFICANCE OF THE AGE ESTIMATES

Protolith ages and ages of tectonism in Frenchman Cap dome
have significant bearing on tectonic reconstruction of the
southern Omineca Belt. Magmatic ages of the core gneisses
allow for comparison with tectono-stratigraphic belts on the
Canadian Shield and protolith ages of the cover gneisses
assist in correlation with rocks above the Monashee décolle-
ment. Ages of tectonism have bearing on the mechanism,
timing, and amount of exhumation in the southern Omineca
Belt. Parrish et al. (1988) postulated that Eocene extension is
the main cause of present crustal architecture of the Shuswap
metamorphic complex. This model implies that the crust was
more than 50 km thick prior to extension, the Shuswap
complex was not exposed to erosion prior to the Eocene, and
that it was tectonically denuded and exhumed on Eocene
normal faults. Another model proposes that Eocene extension
played a subordinate role in exhumation of Frenchman Cap
dome (Journeay, 1986; Brown et al., 1986; Brown and
Journeay, 1987). This model contends that major (12-15 km)
pre-M2 (pre-Latc Cretaceous to early Tertiary) erosional
exhumation occurred during ramping within Frenchman Cap
dome, during transfer of displacement from MD1 to deeper,

~ foreland-stepping thrusts. Additional post-M?2 exhumation of

the dome could have resulted from erosion during ramping
on deeper-level thrust faults or from displacement on exten-
sional faults, or from a combination of the two. Two require-
ments of the exhumation mechanism necessary to preserve
the inverted M2 gradient (before it was erased by conductive
heat transfer within the crust) are that it was rapid and
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Sample 12 is late-D2 pegmatite from immediately above the
core south of Pettipiece Pass that was being transposed into
concordancy with S2 when D2 ceased. This interpretation is
made because a few pegmatite layers of this generation are
concordant with S2 and most are slightly to moderately
discordant and boudinaged. Sample 191 is folded, kyanite-
bearing leucosome within cover schist on the east limb of the
Kirbyville anticline. Sample 180 is leucosome that is
deformed by the dominant fold set within kyanite- and
sillimanite-bearing cover schist in the immediate footwall of
the Monashee décollement.

Samples 204 and 207 were collected with hopes of better
estimating the age of the cover gneisses. Previous geochronol-
ogy is interpreted as indicating that the basal quartzite (unit 3)
is pre-740 Ma (Parrish and Scammell, 1988) and the middle
of the sequence (Cottonbelt Pb-Zn deposit, unit 6iii) is Lower
Cambrian (Hoy and Godwin, 1988). Sample 204 is quartz
pebble conglomerate at the base of unit 7, from which detrital
zircons will reveal source ages and allow for comparison with
ages obtained from the basal quartzite by Ross and Parrish
(1991). Sample 207 is granitic orthogneiss on the west flank
of Mount Grace that lies 200-300 m structurally above the
Cottonbelt Pb-Zn deposit. It contains the same deformation
fabrics seen in adjacent paragneiss and its lower (east) bound-
ary is concordant with these fabrics. Other intrusives associ-
ated with it include leucogranitic and granodioritic
orthogneiss. Journeay (1986) placed the Anstey Range thrust
fault beneath the orthogneiss and Hoy (1987) placed a thrust
faultabove it. Upon observing the lower contact directly west
of Mount Grace, we found that it lies ~200 m farther east than
as mapped by Hoy and concluded that there is no firm
evidence for either an intrusive or faulted contact. [t is hoped
that ages from these samples could reveal one or more uncon-
formities in the cover gneisses that have yet to be noticed.

SUMMARY

This paper presents field relationships in the Pettipiece Pass
area corroborating Armstrong et al.’s (1991) isotopic data
which suggest that core gneisses of Frenchman Cap dome
were migmatized and deformed in the Early Proterozoic.
Field relationship indicate that this tectonism occurred prior
to deposition of the cover gneisses. Field and isotopic data
also suggest that core gneisses were not as affected by
Phanerozoic tectonism as cover gneisses were at higher
structural levels. Further refinements of the age of tectonism
in all levels of the dome are required before description and
explanation of such a tectonic scenario can be proposed.
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Geology of Big Bar map area, British Columbia:
facies distribution in the Jackass Mountain Group'

C.J. Hickson, J.B. Mahoney?, and P. Read?
Cordilleran Division, Vancouver

Hickson, CJ., Mahoney, J.B., and Read, P., 1994: Geology of Big Bar map area, British
Columbia: facies distribution in the Jackass Mountain Group; in Current Research 1994-A;
Geological Survey of Canada, p. 143-150.

Abstract: The Big Bar map area (920/1) is situated between the Fraser fault system on the east and the
Yalakom fault system on the southwest, and is underlain mainly by clastic sedimentary rocks of the Lower
Cretaceous Jackass Mountain Group, as well as extensive exposures of Miocene-Pliocene Chilcotin Group
basalt, Eocene volcanic rocks, Lower Cretaceous Spences Bridge Group volcanic rocks, Middle Jurassic
Dewdney Creek Formation sedimentary rocks, Permian to Lower Jurassic(?) Cache Creek Complex, and
Permian(?) Shulaps Complex mélange. Geological mapping of the area has resulted in a more complete
understanding of the facies distribution of the Lower Cretaceous Jackass Mountain Group, which here is
subdivided into four informal members, including: 1) green feldspathic litharenite facies; 2) polymictic
conglomerate facies; 3) massive litharenite facies; and 4) bedded sandstone and siltstone facies. These
facies are laterally and vertically gradational and the group generally fines both upsection and to the west.

Résumé : La région cartographique de Big Bar (920/1) est située entre le systéme de failles du Fraser,
al’est, etle systéme de failles de Yalakom, au sud-ouest, et son sous-sol est composé de roches sédimentaires
clastiques du Groupe de Jackass Mountain (Crétacé inférieur) ainsi que de vastes affleurements de basalte
du Groupe de Chilcotin (Miocéne-Pliocéne), de roches volcaniques éocénes, de roches volcaniques du
Groupe de Spences Bridge (Crétacé inférieur), de roches sédimentaires de la Formation de Dewdney Creek
(Jurassique moyen), du complexe de Cache Creek (Permien-Jurassique inférieur?) et d’un mélange du
complexe de Shulaps (Permien?). La cartographie géologique de la région a permis de mieux établir la
répartition des faci¢s du Groupe de Jackass Mountain du Crétacé inférieur, qui est ici subdivisé en quatre
membre informels : 1) le faciés de litharénite feldspathique de couleur verte; 2) le faciés de conglomérat
polygénique; 3) le faciés de litharénite massive; 4) le faciés de gres et de siltstone stratifiés. Ces facies
présentent des contacts progressifs, tant latéraux que verticaux, et les unités du groupe ont généralement un
grain plus fin vers le haut de la coupe stratigraphique et vers I’ouest.

! Contribution to Frontier Geoscience Program Chilcotin-Nechako Hydrocarbon Province
Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver,
British Columbia V6T 174

3 Geotex Consultants Limited, #1200-100 West Pender Street, Vancouver, British Columbia V6B 1R8

143



Current Research/Recherches en cours 1994-A

INTRODUCTION

Mapping of Big Bar map area (920/1) completes mapping in
Tascko Lakes (920). This fieldwork started in 1990 as part
of the Frontier Geoscience Program (Hickson, 1990).
Previous ficldwork covered the northeastern sector (Hickson
ct al., 1991: Read, 1992, 1993), central part (Hickson, 1992;
Mahoney et al., 1992; van der Heyden and Metcalfe, 1992)
and the northwest quadrant (Hickson and Higman, 1993;
Hickson, 1993). Also, a surficial mapping component
addressed not only distribution of surficial deposits (Broster
and Huntley, 1992), but also glacial flow patterns over the
entirc Taseko Lakes map arca (Huntley and Broster, 1993).

This report presents the findings of 1993 fieldwork, and
compilation and discussion of earlier work, including Trettin
(1961), Tipper (1978), Read (1988), and Schiarizza et al.
(1990). This secason’s mapping in 920/1 (Fig. 1) concen-
trated on the stratigraphy of the Jackass Mountain Group.
Mapping along the Frascr River, completed by Read (1988),
and that in extreme southwest corner by Schiarizza ct al.
(1990), were part of the 1985-1990 Provincial-Federal
Mineral Development Agreement (MDA).

STRATIGRAPHY

Paleozoic to Mesozoic
Shulaps Complex

The Permian(?) Shulaps Complex (Psm; Fig. 1) is poorly
exposed west of the Yalakom Fault, in the southwestern part
of the map area (Schiarizza et al., 1990). The unit weathers
recessively; the best exposures are in roadcuts east of the
Yalakom River and on the ridge between the Yalakom River
and Blue Creek. In this area, the Shulaps Complex is a
serpentinite mélange primarily consisting of boudins of ser-
pentinite, gabbro, and amphibolite in a talc schist and ser-
pentinite matrix. Foliations trend northwest, parallel to the
trend of the Yalakom Fault, and dip steeply to the cast. West
of the map area, Schiarizza et al. (1990) mapped the ser-
pentinite mélange as structurally overlain by mantle harzbur-
gite along Peridotite Creck. They describe these rocks as
forming the castern limb of a broad synform that encompasses
the entire Shulaps Complex.
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Figure 1. Schematic geological map of the Big Bar map area (920/1).

include:
HM=Hogback Mountain.
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CHM=China Head Mountain;, 9M=Nine Mile Ridge; 7963=Peak 7963;



Cache Creek Complex

In the map area, limited exposures of Cache Creek Complex
(PJcc; Fig. 1) (Monger and McMillan, 1989) occur along the
Fraser River, east of the Fraser fault. The Cache Creek
Complex exposed here is sediment dominated and contains
grey phyllite, varicoloured ribbon chert, siltstone, greywacke,
and minor limestone and greenstone. The Cache Creek
Complex in this area is believed to range from Permian to
Upper Triassic and possibly Lower Jurassic(?).

Mesozoic
Jurassic
Dewdney Creek Formation

Middle Jurassic siltstone, argillite, and minor volcanic sand-
stone and conglomerate are exposed along the northeast side
of the Yalakom fault, on the east side of the Yalakom River,
in the southwestern portion of the map area. These strata have
been subject to a confusing array of nomenclature. The unit
was originally mapped as the Lower Cretaceous Lillooet
Group by Duffell and McTaggart (1952). Leech (1953) re-
ported new tossil localities, and mapped the unit as a Middle
Jurassic volcanic sandstone. Trettin (1961) and Frebold et al.
(1969) retained the name Lillooet Group but reported new
Middle Jurassic biostratigraphy. Woodsworth (1977)
mapped the unit as the Upper Jurassic-Lower Cretaceous

C.J. Hickson et al.

Relay Mountain Group, and Tipper (1978) correlated the unit
with the Tyaughton Group. Schiarizza et al. (1989) avoided
the confusing nomenclature, and simply mapped the unit as
an unnamed mid-Jurassic volcanic sandstone. Mahoney
(1992, 1993) showed that Middle Jurassic strata exposed
north of Lillooct corrclate with the western distal facies of the
Dewdney Creek Formation, and represent a portion of the
formation offset by the dextral Fraser fault system.

The Middle Jurassic Dewdney Creek Formation (Jdc;
Fig. 1) (Mahoney, 1993) in this area consists of thin bedded
argillite and siltstone interbedded with medium- to thick-bedded
volcanic sandstone and granule to pebble conglomerate. Al-
though the recessively weathering argillite and siltstone are
volumetrically more abundant, the sandstone and conglomer-
ate form prominent lenticular ribs that locally dominate the
outcrop belt. Coarse grained strata are in cyclic coarsening
and thickening/fining and thinning upward sequences, sepa-
rated by thick sequences of fine siltstone and argillite with
abundant sedimentary structures indicative of turbidite depo-
sition. The base of the formation is notexposed, and the lower
contact of the formation is the Yalakom fault. The formation
1s disconformably overlain by the Jackass Mountain Group.
The maximum thickness is estimated to be 800 m. Based on
numerous ammonite fossils found on the east side of the
Yalakom River, above the confluence with Blue Creek, the
age of the formation is constrained as Aalenian to Bajocian
(Frebold et al., 1969; Mahoney, 1992).
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flows and associated
sediments
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Tertiary to Quaternary
Eocene

Eocene volcanic rocks in 920/1 (Ev, Fig. 1) typically lack
alteration of groundmass and phenocryst assemblages, are
vesicular, lack amygdaloids and veins, and are simply jointed.
The Eocene assemblage includes a varicty of volcanic and
sedimentary rock types. Eocene rocks are only exposed north
and northeast of the Slok Creek fault. It is apparent that
oblique slip, down to the east, on the Slok Creck fault and
associated structures preserve Eocenc volcanic strata on the
cast side of the fault, and that coeval strata on the west side
of the fault have been eroded. Near Lone Cabin Creek
(920/8) and French Bar Creek, Eocene volcanic rocks depo-
sitionally overlie Lower Cretaceous Jackass Mountain Group
sedimentary rocks and amygdaloidal, andesitic Lower
Cretaceous volcanic rocks.

East of the Fraser fault, in the southeastern sector of the map
area, "Swiss-cheese'' weathering cliffs of aphanitic grey breccia,
bentonitic brown andesite and white rhyolitic lapilli tuff and minor
flows (unit Evdx; Read, 1988) form a westerly dipping succession
unconformably above the Permian Cache Creek Group.

West of the Fraser fault, the Eocene succession consists
mainly of varicoloured aphanitic volcanic rocks ranging from
andesite to rhyolite flows, breccia, and tuff with intercalated
tuffaceous sediment. These volcanic rocks are capped by a
sedimentary sequence consisting of a distinctive volcanic
conglomerate (unit Ecg; Read, 1988) and bentonitic siltstone
and shale (unit Ep; Read, 1988).

Most of the Eocene volcanic rocks are aphanitic andesite and
dacite flows (unit Evd; Read, 1988) with lesser quantities of
poorly bedded, grey-, brown-, and maroon-weathering tephra
(unit Evdx; Read, 1988). The most extensive exposures are in
the lower part of French Bar Creek, with approximately 1000 m
of aphanitic, locally plagiophyric, andesite and dacite flows.
These flows usually have platy jointing or tlow layering suggest-
ing that the Eocene volcanic rocks form a gently east-dipping
homocline truncated on the east by the Fraser Fault.

Rhyolitic rocks are common throughout the volcanic suc-
cession, but are locally restricted and diminish westward at
the expense of widespread grey aphanitic dacite and some
andesite flows (Read, 1988). A subhorizontal sheet of por-
phyritic (quartz, sanidine), columnar-jointed rhyolite, up to a
few hundred metres thick, underlies the ridge near the major
forestry road connecting Watson Bar and Ward Creek.
Glassy and locally perlitic rhyolite flows containing sparse
biotite, hornblende, augite, and plagioclase phenocrysts form
a flow-layered sequence up to a few hundred metres thick and
a few kilometres long, north of Watson Bar Creek and French
Bar Creek. The rocks vary from pale green and flesh through
grey todark grey. Medium grey, chocolate-brown, and maroon-
red aphyric andesite and dacite tephra and thin flows interca-
late rhyolite units and tuffaceous sediments.

Tuffaceous sediments (unit Etfs; Read, 1988) range from a
lithic rich sandstone or siltstone composed of varicoloured an-
desite and dacite lithics to an ashy white, lithic quartz sandstone,
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derived from rhyolite. The sediments, particularly those with
abundant andesite and dacite detritus, are bentonitic. The
tuffaceous sediments form a northwest-trending lens trun-
cated on the south by the Slok Creek fauit near Watson Bar
Creek. These sediments are surrounded and probably over-
lain by Eocene volcanic rocks in all other directions. The base
of the tuffaccous sediments is not exposed; the minimum
thickness is 200 m. The sediments and surrounding volcanic
rocks occupy the core of a northwest-trending, northeast
vergent, asymmetric, doubly plunging anticline. The tuf-
faceous sediments underlie the thick conglomerate-bearing
late Eocene sedimentary rocks, but their stratigraphic position
within the Eocene volcanic succession is unknown.

Miocene to Pliocene
Chilcotin Group Basalt

Flows of the Chilcotin Group Basalt (MPev; Fig. 1) are
laterally extensive over the northern part of the map area.
These flows form capping plateaus on ridge tops, and locally
fill palcovalleys such as French Bar Creek. Prominent knobs
south of French Bar Creek may be feeders to the flows. The
flows are subaerial, vesicular to dense, olivinephyric basalt
associated with minor basal breccia.

PLUTONIC ROCKS

On the eastern flank of the Camelsfoot Range, 3 small stocks
intrude Jackass Mountain Group on the western side of the
Slok Creek fault (Fig. 1). These stocks are aligned along a
northwest trend, suggesting possible structural control on
emplacement. The age of these intrusions is unknown but
radiometric dating is underway. The China Head stock is
white to light grey, medium grained, equigranular hornblende
diorite containing conspicuously zoned plagioclase, visible in
hand sample. The unit is fresh and unaltered; contact meta-
morphic effects are minimal. Of the 3 stocks, this one may be
the youngest, possibly Eocene in age.

Two stocks in the Stirrup Creek arca arc believed to be
related, and vary from a plagioclase hornblende porphyry to
hornblende diorite. They are medium- to coarse-grained,
display local alignment of hornblende phenocrysts, and
locally have chilled margins. Rocks of the Jackass Mountain
Group are hornfelsed adjacent to the intrusions, and the stock
in the headwaters of Stirrup Creek 1s associated with epither-
mal mineralization (Fig. 1). A complex, multiphase intrusion
is structurally deformed and hydrothermally altered in the
lower plate of the Watson Bar Thrust, in the lower parts of
Watson Bar Creek. This intrusion consists of two units: a
hornblende porphyry and a quartz porphyry, both of which
are cut by fine grained felsic dykes and quartzphyric dykes.
The intrusion is medium grained, altered (bleached white or
limonitic stained red), sheared, and shattered.



STRUCTURE

The Fraser fault system is the largest fault system crossing the
map area, and comprises an imbricate zone scveral kilometres
wide (Fig. ). The Slok Creek fault is a strand of the Fraser
fault, originating from it southeast of the map area near
Lillooet. Subhorizontal slickensides on both the Fraser and
Slok Creck faults indicate that the latest movements were
strike-slip. Both faults display intense brecciation and shear
fabrics. The Slok Creck fault separates Eocene volcanic
rocks and Lower Cretaceous volcanic strata on the east from
Lower Cretaceous sedimentary rocks of the Jackass Mountain
Group on the west. The absence of Eocenc strata west of the
fault suggests motion was post-Eocene, downthrown to the
east, with a minimum displacement of 1000+ m.

Ncar Watson Bar, the Slok Creek fault cuts an imbricate
zone of south-southeast-dipping low angle thrust faults of
which the main fault is termed the Watson Bar Thrust (Fig. 1).
It separates an upper plate of Jackass Mountain Group rocks
from a lower plate of Jackass Mountain Group rocks and
small Cretaccous(?) dioritic plutons. The fault is casily rec-
ognizable on the south side of Watson Bar Creek as a highly
disrupted, iron-stained zone approximately 500 m thick.
Within the zone, deformation of the Jackass Mountain Group
is lithologically controlled. Competent sandstones are brec-
ciated and fractured, and less competent siltstone beds local-
ize shear zones, zeolite veining, and common bedding parallel
shears zones. Plutons within the fault zone are highly altered,
including kaolinitic alteration of feldspars and oxidation of
hornblende. They are cut by south-dipping fracture zones,
and shearing is locally concentrated along intrusive contacts.
The age of the faulting is constrained as post-early Late
Cretaceous, the age of the Jackass Mountain Group, and
pre-Oligocene, the age of Slok Creek fault which cuts the fault
on the east. The orientation of the fault suggests that it may
be an accommodation structure associated with movement on
the Fraser fault system (J.M. Journeay, pers. comm., 1993).
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Preliminary studies of Recent volcanic deposits in
southwestern British Columbia using ground
penetrating radar

M.V. Stasiuk! and J.K. Russell?
Cordilleran Division

Stasiuk, M.V. and Russell, J.K., 1994: Preliminary studies of Recent volcanic deposits in
southwestern British Columbia using ground penetrating radar; in Current Research 1994-A;
Geological Survey of Canada, p. 151-157.

Abstract: Ground penetrating radar data were collected from traverses over five well-exposed, Recent
volcanic rock deposits from Mount Meager volcano and the Cheakamus valley, in southwestern British
Columbia. The traverses overlie pyroclastic and lava flow deposits, including: a thick accumulation of
pumice talus, a welded glassy lava breccia, a bed of airfall pumice, a pyroclastic block and ash flow, and a
basalt lava flow. The volcanic rocks are dacite and basalt in composition and glassy to holocrystalline. Data
were collected viaa pulseEKKO IV ground penetrating radar system with a focused radar signal of 100 MHz.
Other experimental conditions varied: 1} sample intervals were 0.5 to 1.0 m, ii) ground penetrating radar
data was collccted with total time windows of 512 or 2048 ns, iii) the number of stacks uscd was between
64 and 512. Preliminary results suggest that ground penetrating radar is an effective means of delineating
important stratigraphic contacts and can resolve complex internal structures in young volcanic deposits.

Résumé : Des données ont été recueillies par géoradar le long de profils passant au-dessus de cinq dépots
de roches volcaniques holocénes bien exposées du volcan du mont Meager et de 1a vallée Checakamus, dans
le sud-ouest de la Colombic-Britannique. Ces profils passent au-dessus de dépéts pyroclastiques et de
coulées de lave, dont une épaisse accumulation d’¢boulis de ponces, une bréche de lave vitreuse a fragments
soudés, une couche de ponces de retombée, une coulée pyroclastique de blocs et de cendre et une coulée
de lave basaltique. Les roches volcaniques sont composées de dacite et de basalte ct leur texture varie de
vitreuse 4 holocristalline. Les données ont ¢té recueillies par géoradar pulse EKK O 1V produisant un signal
radar focalisé de 100 MHz. Les autrcs conditions expérimentales ont été variables : i) les intervalles
d’échantillonnage ont été de 0,5 a 1,0 m, i1) les données recueillies par géoradar ont donné des fenétres d’un
tenmps total de 512 ou de 2 048 ns, 1ii) le nombre de sommations utilisées a varié entre 64 et 512. Les résultats
préliminaires indiquent que le géoradar est un moyen efficace de délimiter les contacts stratigraphiques
importants ct de reconstituer les structures internes complexes dans les dépdts volcaniques récents.

I Laboratoire de Physique de Magmatique, Universite de Paris, Paris, France
2 Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver,
British Columbia V6T 1Z4
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The system was sufficiently portable to be operated over
irregular terrain. Indeed, survey lines were carried out suc-
cessfully over talus, fallen trees, a small bridge over a river,
and through thin brush and forest. Each survey linc comprises
aseries of evenly-spaccd readings, where both the transmitter
and receiver were moved to a new position for cach point.
Experimental and sampling details for each GPR traverse are
summarized in Table 2. At each point the received signal was
stacked, typically between 64 and 512, to reduce random
noise over time windows of between 512 and 2048 ns
(Table 2). The signal was collected without gain, but for
interpretation and presentation (see below), data were exam-
ined with no gain, constant gain or automatic gain control

M.V. Stasiuk and J.K. Russell

(AGC)-standard options within the pEfV software package.
Increased gain enhanced deeper reflecting surfaces but satu-
rated the shallow signal by amplifying scatter and noise from
shallow levels. By systematically increasing gain, reflecting
surfaces at ever-deeper levels can be resolved.

The signal traces recorded along a single GPR traverse arc
best displayed side by side, forming a profile analogous to a
vertical cross-section parallel to the survey line. Reflections
which are continuous from trace to trace can then be detected
more easily by eye. This concept is illustrated in Figure 3
using GPR data collected from Site 4, the traverse over a
pyroclastic flow from Mount Meager.

Table 1. Brief descriptions of deposits found at Sites 1-5 (Fig. 1). Additional details are in Stasiuk et al. (in press).

Site Deposit Type/Exposure

Outcrop

Rock Type Other Descriptors

1 Pumice talus cone; toe of cone is

dissected by Lillooet River moderately well-sorted,

Well-layered and cross-laminated,

unconsolidated, reworked pumice

dacite pumice lapilli | Deposit is a thick apron of reworked

pumice overlying rock avalanche deposit

switchbacks on logging road
deposit

unconsolidated, airfall pumice

2 Welded, glassy, lava breccia; Well-indurated, monolithologic dacite lava breccia The deposit is layered due to variable
Lillooet River cuts gorge through glassy porphyritic lava breccia filling degrees of welding and crude variations
deposit paleo-Lillooet River valley in jointing, clast size and clast to matrix

ratios

3 Airfall pumice deposit; exposed in Well-sorted, matrix-poor, massive, dacite pumice lapilli | Upper portions of deposit are reworked

and crudely laminated

4 Pyroclastic flow deposit; dissected
by Lillooet River

Unsorted, chaotic, block and ash-
rich, unconsolidated pyroclastic flow

dacite pumice Charred trees are common; deposit sits
blocks, lapilli and below moderately well-stratified reworked
ash debris flows and above old forest floor

5 Basalt lava flow; highway road cut
basalt flow

Massive, poorly jointed, fine-grained

Lava is 3-6 m thick, has one joint
colonnade from top to bottom (0.7 m in
diameter); vesicular base overlies
scoriaceous breccia and glacial till

olivine plagioclase
porphyritic basalt

Table 2. Summary of GPR traverses, collection and processing conditions*, and pertinent

field measurements.

Filename Deposit Thickness Time Window

Site | MMgpr-xx {m) (ns)/Stacks Traces Traverse Description

1 18 115 512/256 51 50 m; 1 m spacing; runs W to E

2a 25 13.5 exposed but >100 2048/512 37 36 m; 1 m spacing; runs E to W

(parallel to gorge)
2b 16 >100 2048/512 67
66 m; 1 m spacing; runs N to S
(to and 4.4 m above site 2a)

3 14 3.58 512/128 52 51 m; 1 m spacing; runs W to E

4 10-11a 16 512/64 192 191 m; 1 m spacing; runs W to E

5 20 3-6 512/128 81 40 m; 0.5 m spacing; runs N to S
* Preliminary GPR profiles converted travel times to depths using a velocity of 0.1 m/ns.







layercd; layering is horizontal. Stasiuk et al. (in press) have
proposed welding of hot lava-avalanche debris, episodically-
emplaced into the paleo-Lillooet River valley as the origin of
the deposit.

At this location the minimum observed thickness of the
welded lava breccia is 13.5 m, however, downstream at
Lillooet Falls, a 100-140 m high clift exposes the entire
deposit. This exposure best constrains the total thickness of
the welded lava breccia and clearly shows the deposits inter-
nal structure. The deposit appears to comprise four horizontal
cooling units of similar thickness (about 25 m each), defined
by abrupt changes in the jointing patterns. In outcrop, the tops
and bases of the cooling units are commonly marked by
horizontal lines of vegetation along the cliff walls, presum-
ably indicating that the interfaces are more permeable to
water. Thinner, more numerous, and somewhat more subtle
layers appear to result from variations in the clast size and
concentration and variations in the degree of welding.

Site 3: airfall pumice deposit

An airfall pumice deposit associated with a 2350a eruption of
the Mount Meager volcanic complex occurs at locality 3
(Table 1). Angular dacitic pumice fragments form a loose
framework which lacks fine matrix material. The deposit has
little to no internal structure although the top 10% is com-
monly slightly reworked and crudely layered. Detailed
descriptions are in Stasiuk et al. (in press). The measured
thickness of the deposit is 3.8 m, although the thickness varies
somewhat because of postdepositional erosion and slumping.
The GPR data were collected along a 50 m traverse over the
airfall pumice deposit above a logging road (Table 2).

Site 4: pyroclastic flow section

Downstream from Mount Meager, near the confluence of the
Lillooet River and Pebble Creek, is a 20 m high stream-
dissected bluff (Fig. 2a) containing unconsolidated pyroclas-
tic deposits (Stasiuk et al,, in press). A 191 m long GPR
traverse was run along a flat bench immediately above this
bluft (Table 2). The underlying stratigraphy includes a pack-
age, 20-25 m in thickness, topped by thinly laminated stream
deposits and a mudfiow deposit which thins along the expo-
sure (Fig. 2b). Most of the section comprises two pyroclastic
block and ash flow deposits (Stasiuk et al., in press). The
pyroclastic flow deposits are chaotic, unstructured, virtually
unsorted mixtures of large (0.5-1 m) blocks of pumice, pum-
ice lapilli, and abundant ash-lapilli sized matrix. Locally, the
pyroclastic flow contains abundant charred logs, stumps, and
branches. Preliminary GPR results for this traverse arc shown
(Fig. 3) and discussed below.

Site 5: Cheakamus Valley basalt lava

The last GPR survey was carried out on a basaltic lava flow
which is exposed in cross-section along aroadcut on Highway
99, north of Brandywine Falls provincial park (Fig. |,
Table 1). The basaltic lava is holocrystalline rather than

M.V. Stasiuk and J.K. Russell

glassy and generally massive (Green et al., 1988). The lava is
3-6 m thick and has a poorly-indurated, irregular, basal lava
breccia. The lava and breccia overlie clay-rich glacial till. The
lava flow is columnar jointed with single columns, 0.7 m in
diameter extending the entire flow thickness.

PRELIMINARY GPR PROFILES FOR SITE 4

The GPR survey over the pyroclastic flow deposits (Site 4)
was 191 m long (Table 2). Seven individual line segments
(Fig. 3a) were oriented roughly parallel to the face of the bluff
(Fig. 2a). Ground penetrating radar data were collected at 1 m
spacings and the resulting profiles are shown in Figure 3.
Travel times (left vertical axis, Fig. 3) are converted to depths
(right vertical axis, Fig. 3) using a velocity of 0.1 m/ns. The
radar profiles shown have undergone no signal processing
(e.g., migration, etc.) other than applying different AGC
gains. Specifically, the radar profiles in Figure 3 (b, ¢, and d)
result from the application of sequentially stronger gains of
0.001, 0.008, and 0.02. Each radar profile is shown at 4 times
vertical exaggeration. For comparison, the radar profile gen-
erated with the highest AGC gain (0.02) is also shown without
vertical exaggeration (Fig. 3e). As gain is increased the radar
profiles show reflectors at ever greater depths to a maximum
of approximately 16-17 m. This depth and reflector corres-
pond to the level of the old forest floor upon which the
younger volcanic eruption products are deposited. There are
no reflectors seen beneath this layer because the contact is a
well-developed soil horizon. The conductive character of this
layer probably ensures rapid dissipation of the radar signal.

Other features, in addition to the pronounced basal con-
tact, visible in Figure 3 include the upper finely-layered
sediments which thin to the right. Left-dipping structures in
the middle of the section are seen in both field and in the GPR
profiles (cf. Fig. 2b and 3d or 3e). As gain increases the GPR
profiles become rather noisy; we infer that the noise is, in part,
due to suspended 1 m diameter pumice blocks and concentra-
tions of logs. These are preliminary results which we are
currently reanalyzing with better velocity estimates and more
detailed examination of the stratigraphic section.

DISCUSSION

The results presented here are very preliminary, however,
even using unmigrated sections it is clear that ground pene-
trating radar has considerable potential for aiding mapping of
young volcanic deposits. The study of these types of deposits
is significantly improved using GPR techniques because
these deposits typically blanket topography and fill in valleys;
this makes it difficult to determine distributions, thicknesses,
volumes, or the nature of internal variations. The few radar
results shown in Figure 3 indicate that thicknesses and inter-
nal structures of volcanic deposits can be clearly elucidated.
Such information obtained in the field, without requiring
office time for data processing is extremely valuable. Data
processing can enhance the images and the apparent attitudes
of dipping strata (e.g., correcting for ''dip moveout").
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The relatively shallow depth of penetration of the radar
does not represent a major barrier to its use tor volcanic
deposits sincc they are commonly thin (e.g., less than 20 m).
Furthermore, preliminary results suggest that glassy deposits
are relatively transparent to radar and hence thick glassy
voleanic depasits might also be studied effectively with GPR.
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Turonian (Upper Cretaceous) strata and
biochronology of southern Gulf Islands,
British Columbia
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Haggart, J.W., 1994: Turonian (Upper Cretaceous) strata and biochronology of southern Gulf
Islands, British Columbia; in Current Research 1994-A; Geological Survey of Canada,
p. 159-164.

Abstract: The stratigraphic assignment of Cretaceous rocks of the southernmost Gulf Islands is revised:
rocks on Sidney Island and several other islands adjacent to the northeast Saanich Peninsula of Vancouver
Island are assigned to the Sidney Island Formation. Strata of the formation include conglomerate,
sandstone, and siltstone, and reflect marine transgression in the region. The Sidney Island Formationranges
in age from Early to Middle Turonian, based on ammonites and inoceramid bivalves. Stratigraphic and
structural relations of the formation with strata of the basal Nanaimo Group (Comox Formation) are
presently uncertain. Strata of the formation appear to be unrelated to Cretaceous thrust faulting in the nearby
San Juan Islands.

Résumé : L attribution stratigraphique des roches du Crétacé des iles Gulf méridionales est révisée : les
roches de I’ile Sidney et de plusieurs autres iles voisines de la partie nord-est de la péninsule Saanich, de
I'ile de Vancouver, sont attribuées a la Formation de Sidney Island. Les couches de la formation sont
composées de conglomérat, de grés et de siltstone, et témoignent d’une transgression marine dans la région.
La Formation de Sidney Island, d’aprés 1’étude d’ammonites et de bivalves d’inocéramides, remonte au
Turonien précoce a moyen. Les relations stratigraphiques et structurales entre la formation et les couches
de la partie basale du Groupe de Nanaimo (Formation de Comox) sont actuellement indéterminées. Les
couches de la formation ne semblent pas présenter de lien avec 1’activité de chevauchement qui s’est
déroulée au Crétacé dans les 1les San Juan situées a proximité.
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INTRODUCTION

The Cretaccous Nanaimo Group of southwestern British Co-
lumbia contains diverse and well-preserved mollusc faunas,
splendidly displayed in weli-exposed stratigraphic succes-
sion. Many different studies of Nanaimo Group rocks have
been undertaken (summarized in Mustard, in press), examin-
ing stratigraphy, fossil content, structure, and geochemistry;
the stratigraphic scheme established by Muller and Jeletzky
(1970) has served as the basic framework for most of these
studies.

Based on marine macrofossils, the age of the Nanaimo
Group, as defined by Muller and Jeletzky (1970), ranges from
Santonian (later part) to Maastrichtian. The basal unit of the
standard Nanaimo Group section, the Comox Formation,
consists of nonmarine, marginal-marine, and fully marine
deposits, which grade upward into deeper-water shelf and
submarine fan facies (Haslam and younger formations). The

age of the oldest Comox Formation rocks is poorly con-
strained, reflecting their nonmarine to marginal-marine origin
and poorly fossiliferous nature.

Recent studies of rocks assigned to the Nanaimo Group
on the southernmost margin of the basin has revealed that
older rocks are present at some localities. Popenoe et al.
(1987) first suggested that Turonian strata might be present
in the basin, on the basis of a distinctive gastropod fauna
found on Sidney Island (Fig. 1). Haggart (1991a) sub-
sequently collected ammonites and bivalves which indicated
that the lower Sidney Island beds are of Early Turonian age,
significantly older than the typical Nanaimo Group succes-
sion. Recent collections reported herein have demonstrated
Middle Turonian strata on Sidney Island as well.

Collectively, these southern outcrops comprise a se-
quence of strata distinct from the typical lower Nanaimo
Group succession. These strata are described more fully in
this report and are herein named the Sidney Island formation
(formal definition pending).
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Figure 1. Location map showing principal locations discussed in text.
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LITHOSTRATIGRAPHY OF SIDNEY
ISLAND FORMATION

The name Sidney Island formation is taken from Sidney
Island, where the type section (section 1) of the formation is
found (Fig. 1). All Cretaceous strata which outcrop on Sidney
Island are herein assigned to the formation. These rocks were
previously corrclated with the Comox Formation by Muller
(1983), who lacked fossil control on their age. England
(1989) subscquently assigned the Sidney Island strata to the
Tzuhalem and Saanich members of the Benson (=Comox)
Formation. Haggart (1991a) described the exposures at
Hamley Point and noted the dissimilarity of those rocks with
typical Comox Formation strata.

The best exposures of the Sidney Island formation are at
Hamley Point on the most casterly point of the island, and
comprise the type section. Along-strike exposures of the
upper part of the formation are continuous for about 2.75 km
along the shore northwest from Hamley Point, to a large bay
in the middle of the east side of the island; a second section
through the formation (section 2) is found on the south side
of this bay. A small exposure of the formation is also found
at the northwest end of Sidney Island, on the small island in the
bay at Sidney Spit Marine Park (section 3). In addition, the
formation is exposed on the nearby Halibut and Mandarte islands.

The base of the Cretaceous section is not seen at the type
locale, but outcrops of highly deformed and altered metavol-
canics are found several hundred metres to the southwest; at
section 2, the Cretaceous strata are seen to nonconformably
overlie the metavolcanic rocks. All these basement rocks
were mapped as Jurassic age, Saanich Granodiorite by Muller
(1983), but are herein considered as probably correlative with
the unnamed volcanic unit of Permian and/or Triassic age
mapped by Muller (1983) underlying Cretaceous rocks in Tsehum
Harbour on Saanich Peninsula (Fig. 1). Kachelmeyer (1978)
considered these basement rocks to be Late Triassic to Early
Jurassic Bonanza Volcanics.

The youngest strata in all sections of the formation studied
on Sidney, Halibut, and Mandarte islands plunge into the
water; thus, no contact of the formation with overlying strata
can be scen.

Strata of the Sidney Island formation comprise a fining-
upward marine sequence (Haggart, 19914a; Fig. 2). The base
of the type section consists of medium- to coarse-grained,
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massive to cross-stratified sandstone, locally with floating
pebbles and cobbles. Lenscs of subangular to mostly well-
rounded, cobble to boulder conglomerate, up to several me-
tres in thickness and several tens of metres in length, are found
within the sandstonc succession. The lower part of the for-
mation grades upward into hummocky-cross-stratified sand-
stone and siltstone.

All strata of the formation are fossiliferous. The lowest
beds include robust marine bivalves (including trigoniids and
inceramids), gastropods, and rare ammonite fragments; the
fauna and sedimentary structures indicate a very shallow-
water, inner shelf environment. The overlying siltstones and
hummocky cross-stratified, fine grained sandstones include
common ammonites, and represent somewhat deeper-marine,
probably mid-shelf environments.

Sidney Island formation strata exposed on Halibut and
Mandarte islands are similar to those seen on Sidney Island
and include lower conglomerates and sandstones grading
upward into fine grained sandstone and siltstone. The base
of the formation is not exposed on either of these islands, but
several large (to 80 cm), angular boulders of greenstone are
found in the Jowest beds on Halibut Island, suggesting
stratigraphic proximity of the basementrocks. The repetition
of Sidney Island formation stratigraphy on Mandarte and
Halibut islands, north of the type section, is considered to
reflect structural repetition of the section along one or more
thrust faults hidden beneath the waters of Miners Channel.

BIOSTRATIGRAPHY OF SIDNEY
ISLAND FORMATION

Faunas of Early and Middle Turonian age have been collected
from the Sidney Island formation. Haggart (1991a) described
collections made trom the lower part of the type section of the
formation. Additional collections have subsequently been made
trom higher beds on the island and at other Jocalities.

Mpytiloides ex gr. labiatus fauna

The lower beds of the Sidney Island formation on Sidney
Island have produced abundant gastropods, inoceramid and
trigoniid bivalves, and ammonites. The stratigraphicaily
lowest, fossiliferous beds at the type section include the
inoceramid bivalve Mytiloides ex gr. labiatus, the trigoniid
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Figure 2.

Schematic stratigraphic sections of the Sid-
ney Island formation, Sidney Island. Sec-
tion locations shown in Figure 1.
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161



Current Research/Recherches en cours 1994-A

bivalves Pterotrigonia klamathonia and Litschkovitrigonia
sp., the gastropod Gyrodes dowelli, and fragments of am-
monites; the fauna is indicative of the Lower Turonian.

Tragodesmoceras ashlandicum fauna

Somewhat higher strata in the formation are characterized by
the ammonite Tragodesmoceras ashlandicum, also indicative
of the Lower Turonian. Other ammonites are associated with
T. ashlandicum, including tetragonitids and phylloceratids,
and numerous bivalve and gastropod taxa are locally common
as well. Trigoniid bivalves are noticeably rare, reflecting the
somewhat deeper-water nature of these deposits.

Tragodesmoceras? sp. has also been collected from the
uppermost beds of Mandarte Island (GSC loc. 85513), sug-
gesting that these beds are likely of Early Turonian age as well.

Romaniceras sp. fauna

Mollusc fossils are relatively sparse in the upper beds of the
Sidney Island formation; however, several additional speci-
mens have been collected on the northeast shore of Sidney
Island. The stratigraphically highest beds on the island (GSC
loc. C-197029) yielded the Turonian ammonite Romaniceras
sp., probably the subgenus Yubariceras. Romaniceras is a
cosmopolitan genus, characteristic of Middle Turonian de-
posits around the globe.

No fossils younger than Middle Turonian have been iden-
tified in any sections assigned to the Sidney Island formation.
Thus, the age range of the formation as presently known is
Early to Middle Turonian.

COMPARISON WITH
COMOX FORMATION

Strata of the Sidney Island formation outcrop east of, and are
lithologically distinct from, exposures of the Comox Forma-
tion exposed nearby in the southern Gulf Islands, especially
those on Forrest, Coal, and Goudge islands (Fig. 1), as well
as other islands adjacent to the northeastern Saanich Penin-
sula. Kachelmeyer (1978), Ward (1978), and England (1989)
have all described Comox Formation strata in this area in
detail, and the author has visited numerous localities as well.

The available evidence indicates that the lower part of the
Comox Formation in this region is a stratigraphically-complex
succession of marginal-marine to nonmarine sandstone, silt-
stone, and carbonaceous mudstone, locally rich in coal, and
probably several hundred metres in total thickness. Macro-
fossils are uncommon but found locally in the coarser units,
and include robust, shallow-water trigoniids and other bi-
valves, and gastropods. The finer grained units, interstratified
with the sandstones, include silty mudstone with nonmarine
gastropods, abundant plant debris, including stems and leaves,
and coalified stumps and coal seams to several centimetres thick.
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The lower Comox Formation deposits likely reflect het-
erogeneous sedimentation in shifting, nonmarine to marginal-
marine environments. The uppermost part of the formation
reflects the transition to shallow-water, but fully-marine,
deposition. It is from this fully-marine, upper part of the
Comox Formation that ammonites have previously been col-
lected, giving a late Santonian age for the strata (Muller and
Jeletzky, 1970). The age of the lower part of the formation in
southern Gulf Islands is still problematic (see discussion below).

The Comox Formation in the southernmost Gulf Islands
appears to be locally more complex stratigraphically than
farther to the northwest, where marine facies appear to pre-
dominate through most of the section. For example, on
Saltspring Island (Fig. 1) the base of the Comox Formation
consists of shallow-marine sandstones which directly overlie
metavolcanics (Haggart, 1991b).

TURONIAN BIOCHRONOLOGY

Turonian deposits are uncommon in coastal British Colum-
bia, and Turonian fossils are rare. Poorly fossiliferous and
structurally disrupted Turonian strata are present on northern
Vancouver Island (Jeletzky, 1977) and Queen Charlotte Is-
lands (McLearn, 1972; Haggart, 1991c). In addition, poorly
studied deposits of probable Late Turonian age are known
from the San Juan Islands (Garver, 1988). Thus, the Sidney
Island formation provides especially valuable data for the
development of Turonian biochronology of western British
Columbia and North America (Fig. 3).
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Early Turonian

Earliest Turonian time in the Sidney Island formation is
represented by the cosmopolitan inoceramid bivalve group
Mytiloides ex gr. labiatus. This group is widespread on
Pacific-slope North America, known previously from
California (Matsumoto, 1960; Jones and Bailey, 1973; Sliter
et al., 1984; author’s collections), Queen Charlotte Islands
(Riccardi, 1981; Haggart, 1991c), and elsewhere. Overlying
the beds with M. ex gr. labiatus, and associated with the
inoceramid in its highest levels, is the ammonite assemblage
dominated by Tragodesmoceras ashlandicum. The minimal
stratigraphic overlap of these two taxa in the collections from
Sidney Island suggests that T. ashlandicum ranges higher into
the Lower Turonian than M. ex gr. labiatus. Support for this
interpretation comes from California where T. ashlandicum
is found in Early Turonian deposits younger than the beds
containing labiatus-group inoceramids (Matsumoto, 1959;
Haggart, 1986).

Middle Turonian

Middle Turonian time in the southern Gulf Islands region is
represented by the ammonite genus Romaniceras, acosmo-
politan indicator of the Middle Turonian in California and
Japan, and most regions of the globe (Matsumoto, 1959;
Matsumoto and Suekane, 1987). Romaniceras has also been
collected from structurally-disrupted strata on the northern
coast of Vancouver Island (Jeletzky, 1977).

Late Turonian

Although labiatus group inoceramids are known from Queen
Charlotte Islands, no younger Turonian fossils have yet been
found there, and it would appear that much of Late Turonian
time in the Insular Belt is characterized by progradation of
coarse clastic systems (Haggart, 1993; J.W. Haggart, unpub.
data). Upper Turonian strata have been recognized in the San
Juan Islands of northwestern Washington State, however.
P.D. Ward (in Garver, 1988, pers. comm., 1985, 1990, 1993)
has identified the ammonite Reesidites and the foraminifer
Globotruncana helvetica, from mudstones exposed on
Barnes Island in the northeastern San Juan Islands (Fig. 1).
Ammonites closely allied to Reesidites are found in the Upper
Turonian of California (Matsumoto, 1959); Reesidites itself
is known from Japan and is considered a cosmopolitan indi-
cator of the Upper Turonian (Matsumoto, 1984).

Thus, athree-fold subdivision can be established for Turonian time
in the southwestern British Columbia/northwestern Washington
State region. Mytiloides ex gr. labiatus and Tragodesmoceras
represent Early Turonian age deposits, Romaniceras the Middle
Turonian, and Reesidites the Late Turonian.

J.W. Haggart

STRATIGRAPHIC AND
PALEOGEOGRAPHIC
IMPLICATIONS

Strata of the Sidney Island formation represent shallow-marine
deposition during Early and Middle Turonian time. These strata
are temporally and lithologically distinct from strata of the basal
Nanaimo Group present in the region and have important impli-
cations for basin stratigraphy and paleogeography.

Age of the basal Comox Formation

The age of Comox Formation in the southernmost Gulf Is-
lands is problematic. To date, most interpretations of the age
of this unit have recognized its stratigraphic position con-
formably beneath fossiliferous marine rocks of the Haslam
Formation bearing the Late Santonian index ammonite Didy-
moceras (Eubostrychoceras) elongatum. Indeed, Haslam
Formation turbiditic mudstone with the index fossil outcrops
just to the north of Comox Formation strata on Piers and Pym
islands, and on the northern tip of the Saanich Peninsula
(Kachelmeyer, 1978; Ward, 1976, 1978).

Little faunal data bearing on the age of the lower part of
the Comox Formation in the study area are presently avail-
able. However, molluscs collected from the northeastern side
of Goudge Island (GSC loc. C-140507) include poorly pre-
served trigoniid bivalves tentatively identified as Pterotrigo-
nia cf. klamathonia, suggesting at least the possibility of a
Turonian to earliest Coniacian age (Jones, 1960) for this
locality. These strata on Goudge Island appear to represent a
higher level within the Comox Formation, perhaps indicating
that the basal part of the formation may range down into the
Coniactan or even Turonian; all strata on Goudge Island are,
however, lithologically distinct from the Sidney Island formation.

Correlations with other units

It is tempting to correlate the basal, nonmarinec Comox For-
mation strata which outcrop in the vicinity of northern
Saanich Peninsula, with the shallow-marine rocks of the
Sidney Island formation to the east; however, given the poor
constraints at present on the age of the basal Comox Forma-
tion in this region, precise depositional and paleogcographic
relationships of the two units is uncertain.

Indeed, the Sidney Island formation may be more closely
related to the Upper Turonian Barnes Island mudstones.
Sidney Island formation strata reflect marine inundation and
transgression, progressing from shallow to deeper-water de-
posits through Early and Middle Turonian time. The transi-
tion to deep-water mudstone deposition in Late Turontan time
would be a natural continuation of this transgressive trend.
The possibility exists that the Sidney Island formation and
Barnes Island mudstones may not be directly related to the rest
of the Nanaimo Group sequence exposed to the north and west.

The basal deposits of the Nanaimo Group, and by imph-
cation, the Turonian deposits of the Sidney Island formation,
have been interpreted as the initial deposits of sedimentation
which accumulated adjacent to a thrust system to eastward,
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in the Coast Mountains and San Juan Islands (Brandon et al.,
1988; Mustard, in press). However, there is little evidence in
the preserved stratigraphic record of the Sidney Island forma-
tion which suggests a position of sedimentation proximal to
active thrusting (e.g., no more than 5 km from thrusts on San
Juan Island according to Brandon et al., 1988). The shallow
marine strata of the formation are relatively mature, well-
sorted, and laterally continuous; they form a thin stratigraphic
section and do not exhibit significant lateral variations in clast
size, sorting, or facies, as would be expected in molasse deposits
accumulating directly adjacent to a significant thrust system.

The possibility exists that strata of the Sidney Island
formation accumulated prior to initial thrusting in the San
Juan Islands region (=100-84 Ma or latest Albian to Late
Santonian/Early Campanian; Brandon et al., 1988). Alterna-
tively, Turonian rocks of the southernmost Guif Islands may
have been brought to their present position close to the San Juan
Islands Thrust by transport along one or more faults running
subparallel to the San Juan Fault on southern Vancouver Island:
at least 50 km of left-lateral offset has occurred along this fault
since ~39-40 Ma (Fairchild and Cowan, 1982).

Captain Ted Aubrey is thanked for expert boatmanship.
Although not in agreement with several of the conclusions,
Peter Mustard contributed a thoughtful review of the manu-
script and is thanked for such.
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Cayoosh Assemblage: regional correlations and
implications for terrane linkages in the southern
Coast Belt, British Columbia
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Journeay, J.M. and Mahoney, J.B., 1994: Cayoosh Assemblage: regional correlations and
implications for terrane linkages in the southern Coast Belt, British Columbia; in Current
Research 1994-A; Geological Survey of Canada, p. 165-175.

Abstract: The Cayoosh Assemblage is an upward-coarsening succession of metamorphosed phyllitic
argillite, siltstone, and sandstone that conformably overlies oceanic rocks of the Bridge River Complex.
The age and regional distribution of these rocks suggest that the Bridge River ocean was long-lived, and
remained open to marine sedimentation until Late Jurassic or Early Cretaceous time. New stratigraphic and
paleontological data suggest that outboard terranes, including the Cadwallader and Harrison island arc
complexes, may have been linked prior to accretion along the continental margin. Coarsening-upward
clastic successions near the top of the Cayoosh Assemblage overlap these outboard terranes and record the
final stages of terrane accretion along the ancestral continental margin.

Résumé : L’Assemblage dec Cayoosh est une succession a cycle négatif d’argilite, de siltstone et dc grés
métamorphisés, qui surmonte en concordance les roches océaniques du complexe de Bridge River. L’4ge
et la distribution régionale de ces roches indiquent que 1’océan de Bridge River a eu une existence de longue
durée et est demeuré ouvert a la sédimentation marine jusqu’a la fin du Jurassique ou au début du Crétacé.
De nouvelles données stratigraphiques et paléontologiques indiquent que des terranes situés au large, dont
les complexcs d’arc insulaire de Cadwallader et de Harrison, auraient pu étre reliés avant leur accrétion a
la marge continentale. Les successions détrititiques a cycle négatif, prés du sommet de I’ Assemblage de
Cayoosh, recouvrent ces terranes extracotiers ct témoignent des derniers stades de ’accrétion des terrancs
a la protomarge continentale.

I Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver, British Columbia
V6T 2B4
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INTRODUCTION

Conceptual tectonic models of the western Canadian Cordil-
lera, as it may have appeared in early to middle Jurassic time,
portray ancestral terrancs of the Coast and Insular belts as an
array of island arc festoons and occanic platcaus situated
outboard of an accretionary/fore-arc complex (Monger ct al.,
1982; van der Heyden, 1992), a setting similar to that of the
present southwest Pacific plate margin.

Outboard terranes of the northern Coast Belt (54°-60°N),
which include Wrangellia and Alexander island arc com-
plexcs (Fig. 1), appear tohave been amalgamated into a single
superterranc in the Late Paleozoic and accreted onto the
western margin of ancestral North America (Intermontanc

Belt) by Middle to Late Jurassic time. During the final stages
of accretion, the zone of active subduction shifted westward
from the Cache Creek suture to the outboard margin of the
Insular superterrane, leading to the development of a post-
Middle Jurassic accretionary/fore-arc complex (Chugach ter-
ranc) and an Andean-style magmatic arc (van der Heyden,
1992).

Terranes of the southern Coast Belt (49°-54°N), which
include island arc assemblages of Wrangellia, Cadwatlader,
and Harrison terranes and oceanic rocks of the Bridge River
terranc (Fig. 1), appear to have remained outboard of the
ancestral continental margin throughout much of the Jurassic.
Mississippian to Callovian (ca. 330-160 Ma) pelagic cherts
of the Bridge River Complex and overlying Early Jurassic(?)

N\

~.~| Coast Plutonic Complex

Cadwallader Terrane TEHY

T
e

Cayoosh Assembiage

Harrison Terrane

% Bridge River Terrane
. Shulaps Complex

Figure 1. Tectonic setting (inset) and, regional geology of the eastern Coast Belt. W: Wrangellia terrane;

A: Alexander terrane; S: Stikinia terrane.
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to Early Cretaceous(?) fine grained, clastic rocks of the
Cayoosh Assemblage suggest that the Bridge River ocean
remained open to marine scdimentation until Early Creta-
ceous time (Journcay and Northcote, 1992; Cordey and
Schiarizza, 1993; Mahoney and Journeay, 1993). Early to
mid-Cretaceous fluvial conglomerates and shallow marine
clastic rocks (Gambier, Taylor Creek, and Jackass Mountain
groups) form the oldest demonstrable overlap assemblage
among terranes in the southern Coast Belt, and indicate that
outboard terrancs were stratigraphically linked prior to the
onsct of crustal shortening and large-scale crustal imbrication
(Journeay and Friedman, 1993). However, it is not clear
whether these outboard terranes were amalgamated prior to
the Early Cretaceous and situated near the ancestral continen-
tal margin in a marginal basin sctting, or whether they may
have been added incrementally as part an accretionary/fore-
arc complex in response to ongoing post-middle Jurassic
subduction of the Bridge River ocean.

To address this question, we have focused our investiga-
tions on the internal stratigraphy and regional distribution of
Jurassic and Cretaccous clastic successions that overlie oce-
anic rocks of the Bridge River Complex and associated island
arc asscmblages of the Cadwallader and Harrison terranes.
These include turbidites and upward-coarsening clastic suc-
cessions of the Cayoosh Assemblage, coarse clastic and shal-
low marine successions of the Tyaughton and Relay
Mountain groups, and fine grained marine and volcaniclastic
successions of the Mysterious and Billhook Creek forma-
tions, respectively. Fieldwork during the 1993 season
involved 1:50 000 scale mapping in the Cadwallader and
Cayoosh ranges of the eastern Coast Belt (921/7, 92J/8,92]/9,
92]/10, 921/5, and 92V/12; Fig. 1), and detailed stratigraphic
and sedimentological studies of the Cayoosh Assemblage.

CAYOOSH ASSEMBLAGE

The Cayoosh Assemblage is an upward-coarsening succes-
sion of metamorphosed phyllitic argillite, siltstone, and sand-
stone that conformably overlies interbedded greenstone,
chert, and phyllitic argillite of the Bridge River Complex
(Fig. 1; Journeay and Northcote, 1992; Journeay, 1993;
Mahoney and Journeay, 1993). Primary sedimentary struc-
tures and stratigraphic relationships are preserved, but have
been moditied by the effects of penetrative deformation and
regional metamorphism associated with Alpine-style folding
and large-scale imbrication of the castern Coast Belt
(Journeay and Friedman, 1993). These structural and meta-
morphic complexities preclude accurate estimates of primary
stratigraphic thicknesses or detailed reconstructions of sedi-
mentation patterns and basin configuration. However, the
integrity and lateral continuity of regional lithofacies lead us
to conclude that the Cayoosh Assemblage is a stratigraphi-
cally coherent succession that preserves a record of Jurassic
and Early Cretaceous sedimentation during the final stages in
the evolution of the Bridge River ocean.

J.M. Journeay and J.B. Mahoney

Stratigraphy

We have subdivided the Cayoosh Assemblage into five dis-
tinct lithofacies (Fig. 2). In ascending stratigraphic order,
these include: graphitic phyllite, siltstone, and sandstone
(unit 1), tuffaceous phyllite, graphitic phyllite, minor lapilli
tuff, and tuff breccia (unit 2), graphitic phyllite, siltstone,
limestone, and volcaniclastic sandstone (unit 3), graphitic
siltstone, shale, phyllite, arkosic sandstone, and quartzite
(unit 4), and thin-bedded graphitic phyllite, siltstone, and
volcaniclastic sandstone (unit 5). For the purposes of discus-
sion, we have used a standard rock column format to summa-
rize and to describe the internal stratigraphy of the Cayoosh
Assemblage (Fig.2). This column ts compiled from measured
structural sections in reference localities of the Cayoosh
Assemblage and does not indicate primary stratigraphic
thickness.

This stratigraphy represents a more detailed subdivision of
the Cayoosh Assemblage than that initially proposed by
Mahoney and Journeay (1993). Neocomian sandstones and
siltstones of unit 5, initially included in the upper silt-
stone/quartz-rich sandstone succession of the Cayoosh
Asscmblage, are here recognized as a distinct lithofacies.
Fluvial conglomerate, initially included as the uppermost
member of the Cayoosh Assemblage, is interpreted to uncon-
formably overlie fossiliferous sandstones of unit 5 in the
vicinity of Mount Brew. This conglomerate represents a fun-
damental change in depositional environment, and has been
split out as a separatc stratigraphic unit. Clast compositions
and the occurrence of Late Jurassic granitoid boulders (ca.
151 Ma; V. McNicoll, pers. comm., 1992) suggest correlation
with Early Cretaceous conglomerate of the Jackass Mountain
Group. Detailed descriptions of the Cayoosh Assemblage in
its type locality are reported by Mahoney and Journeay (1993).
The following is a brief synopsis.

Interlayered greenstone, ribbon chert, limestone, calcare-
ous greenschist, and graphitic phyllite of the Bridge River
Complex grade upward with apparent conformity into a suc-
cession of graphitic siltstone, phyllite, greywacke and thin-
bedded turbidites of the Cayoosh Assemblage (unit 1). The
basal contact of the Cayoosh Assemblage is detined at the top
of the stratigraphically highest chert horizon, and is locally
marked by a thin, intra-formational pebble conglomerate
containing clasts of limestone, siliceous argillite, and chert.
Thinly laminated tuffaceous siltstone occurs near the top of
this succession and signals an important change in prove-
nance.

Unit 2 is characterized by thick (2-60 m) horizons of
metamorphosed light to dark green, medium- and thick-bed-
ded tuft, lapilli tuff, and tuff breccia, which occur as distinct
layers in a succession of graphitic phyllite and siltstone. These
pyroclastic rocks represent a minor (10-25%) but stratigraphi-
cally important component of the section. They record dis-
tinct pulses of volcanic activity in a basin characterized by
thick accumulations of fine grained sediments. Both lower
and upper boundaries of this succession are gradational.

Unit 3 comprises a thick (500-600 m) succession of fine-
to coarse-grained volcanic sandstone and siltstone (30-35%)
interlayered with graphitic phyllite (55-65%) and thin bands
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low-angle mylonites of the Cayoosh Creek Fault. Imbricated
fault slivers of greenstone, chert, limestone, and siltstone,
locally containing pods of Upper Triassic (Norian) limestone,
characterize the lower part of this section. The highest of these
fault slivers contains a stratigraphically coherent panel of
interlayered greenstonc and chert which grades upward into
a thick succession of siltstone, shale, and phyllite of the
Cayoosh Assemblage. The contact, defined at the top of the
highest chert horizon of the Bridge River Complex, is con-
cordant and locally marked by thin lenses of chert pebble
conglomerate. Siliceous argillite and thin bedded turbidites
(125 m) at the base of the clastic succession grade upwards
into a 75 m thick sequence of interbedded graphitic siltstone
and phyllite containing 0.5 to 1.0 m thick horizons of chloritic
(metatutfaceous) siltstone. This sequence coarsens upwards
into a thick succession (90 m) of immature, medium- to thick-
bedded volcaniclastic sandstone, dark grey siltstone, and
metatuffaceous phyllite. Sandstones at the top of this clastic
succession are, in turn, overlain by an upward-fining succes-
sion (200 m) of monotonous dark grey and black graphitic
siltstone and phyllite, locally containing thin horizons of
metatuffaccous siltstone and limestone. Imbricate fault sliv-
ers of greenstonc, chert, and siltstone mark the southeast end
of this section.

Stratigraphic similarities and lithological associations
suggest to us a direct correlation of the Boulder Creek section
with both the lower members of the Cayoosh Assemblage
(units 1-3; compare Fig. 2 and 3A), and with the Lower to
Middle Jurassic Ladner Group (Boston Bar and Dewdney
Creck formations), which occurs along strike to the southeast
(Fig. 1). Radiolaria extracted from siliceous argillite and
siltstone at basc of the Boulder Creek section are recrystal-
lized, but include forms that are found in Upper Triassic and
Lower Jurassic cherts of the Bridge River Complex
(F. Cordey, pers. comm., 1993). Elsewhere in the Bridge
River Complex, Cordey and Schiarizza (1993) have docu-
mented radiolarian cherts and associated siltstones that are as
young as late Middle Jurassic (Callovian). These data suggest
to us a complex and protracted history of basin evolution in
which parts of the Bridge River ocean began to receive clastic
detritus in the Late Triassic/Early Jurassic while other parts
of the basin, presumably more distal, remained open to deep
water sedimentation until late Middle Jurassic time. The
implication is that the Cayoosh Assemblage may represent a
time transgressive basin margin succession.

Noel Mountain section

The Noel Mountain section comprises a western assemblage
of interlayered siltstone, sandstone and conglomerate, and an
castern assemblage of fine grained volcaniclastic sandstone,
siltstone, and phyllite (Journeay, 1993; Fig. 3B).

The western assemblage is an upright panel of siltstone,
thin- and thick-bedded greywacke, quartz-rich feldspathic
arenite, and heterolithic conglomerate. Thick lenses of con-
glomerate in the middle of the section mark the transition
from a lower coarsening-upward succession of fine grained
volcanic sandstone and siltstone into an overlying, fining-
upward succession of sandstone, siltstone, and phyllite.

J.M. Journeay and J.B. Mahoney

Conglomerate horizons include both pebble- and boulder-
sized clasts of quartz-rich sandstone, volcanic wacke, lime-
stone, chert, and both fine grained volcanic and coarse grained
plutonic rock. Conglomerates and the overlying, fining- up-
ward clastic succession arc interpreted to be part of the Early
Cretaceous Taylor Creek Group (Rusmore, 1985;
Woodsworth, 1977), which is well-exposed along strike to
the northwest. The coarsening-upward succession of quartz-
rich sandstones and siltstones that underly these conglomer-
ates is interpreted to be part of the upper Cayoosh Assemblage
(units 4 and/or 5).

The eastern assemblage is a thick (400-450 m) succession
of thin bedded, dark grey graphitic shale, siltstone, phyllite,
and fine grained volcanic sandstone, locally interlayered with
feldspathic and calcareous wacke and thin, but distinctive
lenses of dark grey limestone, limestone pebble conglomer-
ate, and calcareous siltstone. Graded turbidites at the base of
the section, locally containing thin horizons of light grey
tuffaccous siltstone, calcareous wacke, and pebble conglom-
erate, grade upward into monotonous dark grey phyllite and
siltstone (220 m). Fine grained volcanic sandstone at the top
of this siltstone succession coarsens upward into 140 m of
thick bedded, fine grained volcanic sandstone and siltstone.
Stratigraphic repetition of this sandstone/siltstone facies,
together with dip reversals of the dominant bedding-parallel
foliation (S1) and stratigraphic reversals of thin limestone
pebble conglomerate horizons to the east, are interpreted to
be the result of tight and isoclinal (F2) folding (Fig. 3B). These
folds are overturned to the southwest and appear to be local-
ized in the footwall of the Bralorne Fault, a regional south-
west-directed thrust system of Late Cretaceous age (Rusmore,
1985; Journeay et al., 1992; Journeay, 1993). Stratigraphic
facing directions along the limbs of these second generation
folds imply that the entire eastern Noel Mountain section
must have been structurally overturned prior to F2 folding and
fault imbrication. We have traced this overturned panel of
siltstone and volcanic sandstone northwestward across Green
Mountain into the Downton Lake region. It appears to be the
overturned limb of an alpine-scale, southwest-verging recum-
bent nappe structure.

The age of the eastern Noel Mountain section is unknown.
The association of volcanic sandstone, calcareous siltstone,
and thin horizons of limestone pebble conglomerate suggests
a possible correlation with fine grained Late Triassic volcani-
clastic rocks of the Hurley Formation (Cadwallader Group;
Rusmore, 1985; Woodsworth, 1977, Journeay, 1993). How-
ever, the overall thickness of this succession, the abundance
of thick volcanic sandstone and graphitic siltstone/phyllite
successions, local occurrences of stretched pelecypods
(Buchia 7) and gastropods, and the notable absence of cono-
donts or thick limestone horizons anywhere in the section,
suggest that a correlation with lower and middle members
(units 2/3) of the Cayoosh Assemblage is more likely. This
interpretation is corroborated by the investigations of Cairnes
(1937), who documented a conformable relationship between
thin bedded siltstones exposed along Noel Creek (Eastern
Noel Mountain section) and underlying cherts of the Bridge
River Group (Fergusson Series), a relationship similar to that
documented in the type section of the Cayoosh Assemblage
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(Journeay and Northcote, 1992; Mahoney and Journeay.
1993). Cairnes assigned these siltstones and shales to what he
defined as the Noel Formation and proposed correlations with
other siltstone/sandstone successions in the region, including
those exposed along Cadwallader Creek and in the vicinity of
Bralorne and Gun Lake. We support these correlations and
propose that other siltstone/sandstone successions mapped by
Caimes (1937) as Noel Formation be included as part of the
Cayoosh Assemblage. These correlations, coupled with
regional stratigraphic and structural continuity, suggest a
potential tie between the Cayoosh Assemblage and fine
grained clastic rocks of the Last Creek formation and lower
Relay Mountain Group, which overlie Triassic arc asscm-
blages of the Cadwallader Group along strike to the north
(Schiarizza et al., 1989).

Birkenhead section

The Birkenhead section is a northcast-dipping panel of inter-
layered massive and fragmental volcanic flows and associ-
ated volcaniclastic rocks that grade upward into a succession
of volcanic sandstone, siltstone, and phyllite (Fig. 3C;
Journeay, 1993). The section locally contains ammonite and
bivalve forms of probable Late Triassic and Early Jurassic
age, and has been included as part of the Cadwallader terrane
(Cadwallader and Tyaughton groups; Woodsworth, 1977).
Fieldwork during the 1993 season involved 1:50 000 scale
mapping and detailed stratigraphic studies in a region extend-
ing northward from Cayoosh Mountain to the Birkenhead
River (Fig. 1). Thesc studies, initially aimed at investigating
a stratigraphic tie between basal turbidites of the Cayoosh
Assemblage (unit 1) and Lower Jurassic siltstones of the Last
Creek formation, have uncovered exciting new evidence,
including new fossil data and a previously undescribed vol-
canic succession, that require significant revision of existing
correlations.

Fragmental volcanic rocks at the base of this section
occupy the core of a regional southwest-verging anticlinal
nappe (Birkenhead Anticline), the axial surface of which
extends northwestward from Cayoosh Mountain to the west
end of Birkenhead Lake (Fig. 1). The lowest portion of this
section comprises a thick (220 m) sequence of dark green and
maroon feldsparphyric flows, flow breccias, and associated
fragmental lithic tuffs. Overlying these massive volcanics is
a thick (150 m) succession of interlayered felsic metavolcanic
flows, calcareous sandstone, and recrystallized limestone.
This transitional facies grades upward into a thick (150 m)
sequence of dark grey volcaniclastic sandstone, sandy lime-
stone, and dark grey siltstone, locally containing corals and
bivalves of probable Late Triassic age (Fig. 3C). Stratigraphic
similarities and available age constraints suggest that thcse
volcanic and sedimentary successions represent the Upper
Triassic Pioneer and Hurley formations of the Cadwallader
Group (Woodsworth, 1977).

Overlying this Upper Triassic arc assemblage with appar-
entconformity is a thick (450 m) succession of green and dark
green metavolcanic flows, porphyritic flows and tuffs, locally
containing light grey, fine grained felsic metavolcanic flows
(50-80 m) and lesser amounts of fine grained volcaniclastic
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sandstone and siltstone (Fig. 3C). Pyroclastic rocks at the top
of this section are gradational upward into a 400-450 m thick
succession of volcaniclastic sandstone, siltstone, shale, and
phyllite, locally containing tuffaceous interbeds and interme-
diate volcanic flows. The contact between this volcanic suc-
cession and overlying volcaniclastic sequence is well exposed
along the north and cast flanks of Cayoosh Mountain, and can
be traced northwestward to Gates Lake and into ridges west
of Birkenhead Peak. This same scction is overturned along
the cast flank of the Birkenhead River valley (Journcay, 1993)
and may correlate with volcanic and volcaniclastic succes-
sions that overlie Upper Triassic arc assemblages of the
Cadwallader Group in the Tenquille Lake region (Grizzly
Pass scction of Journeay, 1993).

Ammonite forms at the base of the volcanic section
(Fig. 5) are characterized by distinctive ornamentation that
suggest a probable lower to middle Toarcian age
(H.W. Tipper and G. Jakobs, pers. comm., 1993). Bivalves
that occur within sandstone of the overlying volcaniclastic
succession (Fig. 6) resemble pelecypods collected by
G.J. Woodsworth and interpreted by T.P. Poulton as trigoniid
forms of probable Middle Toarcian to Bajocian age. The
internal stratigraphy and age range of this arc assemblage is
similar to that of the Middle Jurassic Harrison Lake Forma-
tion (Arthur et al.,, 1993), and suggests to us a probable
corrclation. This interpretation cxtends the known limits of
the Harrison terrane northward and eastward into the imbri-
cate zone of the Coast Belt Thrust System (Journeay and
Fricdman, 1993), and implies a potential link between
Harrison and Cadwallader terranes.

Intermediate and felsic metavolcanic flows mark the
boundary between this Middle Jurassic arc sequence and
overlying volcaniclastic sandstones, siltstones, and phyllites
of the upper Birkenhead section (Fig. 3C). The contact
between these two units is exposed along the margin of the
Mt. Rohr pluton, near Birkenhead Pcak, and appears to be
conformable. The lower 80 to 100 m of this succession are
characterized by interlayered volcanic sandstone, tuffaceous
siltstone, and thinly laminated calcarcous and graphitic silt-
stone. Sandstone horizons are fine- to medium-grained, thin-
and thick-bedded (0.5-2 m), and include both immature feld-
spathic wacke and moderately well-sorted feldspathic arenite.
This sandstone/siltstone tacies fines upwards into a thick
(250 m) succession of graphitic siltstone and phyllite. This
upward-fining clastic succession is flanked to the cast by
imbricate fault slivers of the Bridge River Complex, and is
repeated on the overturned limb of the Birkenhead Anticline,
where it is apparently truncated by the Birkenhead River
Fault. Stratigraphic relations suggest that this upper clastic
succession is younger than Middle Jurassic, and may be
correlative with cither fine grained sedimentary rocks of the
Callovian Mysterious Creek Formation (Harrison Terrane) or
with undated volcanic sandstone/siltstone successions
(units 3-5) of the Cayoosh Assemblage. Associations with
quartz-rich meta-sandstones and conglomerates, which occur
along strike to the northwest in roof pendants of the Mt. Rohr
pluton, support the latter of these two interpretations. This
correlation provides a potential link between outboard terra-
nes (Cadwallader and Harrison arc assemblages) and clastic









successions that overlie oceanic rocks of the Bridge River
terranc, and may represent a stratigraphic bridge that predates
final accretion along the continental margin and subsequent
onlap of Early Cretaceous conglomerate.

SUMMARY AND CONCLUSIONS

Stratigraphic relationships documented in this and previous
reports (Journcay and Northcote, 1992; Journeay, 1993;
Mahoney and Journeay, 1993) have established the Cayoosh
Assemblage as a cohcrent stratigraphic succession that con-
formably overlies occanic rocks of the Bridge River Com-
plex. Stratigraphic associations and available age constraints
support a correlation with Lower and Middle Jurassic rocks
of the Ladner Group (Methow basin) and with clastic succes-
sions that overlie Triassic and Middle Jurassic island arc
asscmblages of the Cadwallader and Harrison terranes (see
Fig. 7). Stratigraphic ties with Jurassic clastic successions of
the Last Creck formation and Relay Mountain Group are
probable, but have not yet been established.

These correlations suggest to us a complex basin evolu-
tion in which parts of the Bridge River ocean began to receive
clastic detritus in the Late Triassic/Early Jurassic, while other
parts of the basin, presumably more distal, remained open to
pelagic sedimentation until late Middle Jurassic time. Quartz-
rich sandstone and upward-coarsening clastic successions of
the Cayoosh Assemblage (units 4 and 5), the youngest of
which are Early Cretaceous, reflect the arrival and/or emer-
gence of both crystalline and volcanic source terranes and the
closure of the Bridge River ocean.

Stratigraphic relationships and new paleontological data
in the Birkenhead section suggest a disconformable relation-
ship between the Upper Triassic Cadwallader arc and overly-
ing Middle Jurassic rocks of the Harrison Lake Formation.
Along strike to the south, this Middle Jurassic arc overlaps
Triassic rocks of the Camp Cove Formation (Arthur et al.,
1993). This implies the Cadwallader Group and Camp Cove
Formation are cither part of the same Triassic arc complex,
or fragments of separate terranes that were amalgamated prior
to the development of the Harrison Lake arc in Middle
Jurassic time. Linkages between clastic successions at the top
of the Birkenhead section and the upper Cayoosh Assemblage
suggest that this Middle Jurassic arc most likely formed along
the outboard margin of the ancestral Bridge River ocean.
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Late Cretaceous to Paleogene cooling adjacent to
strike-slip faults in the Bridge River area,
southern British Columbia, based on
fission-track and *°Ar->?Ar analyses

John I. Garver', Doug A. Archibald? and William F. Van Order, Jr.!
Cordilleran Division

Garver, J.1., Archibald, D.A., and Van Order, W.F., Jr., 1994: Late Cretaceous to Paleogene
cooling adjacent to strike-slip faults in the Bridge River area, southern British Columbia, based
on fission-track and %0Ar-3Ar analyses; in Current Research 1994-A; Geological Survey of
Canada, p. 177-183.

Abstract: Zircon fission-track (ZFT) ages and 40Ar-39Ar ages on biotite and hornblende are used to
constrain the timing of low-temperature cooling in the Bridge River area of southern British Columbia.
Cooling ages at ~78-75 Ma and ~55-52 Ma (ZFT), from the Dickson and Bendor plutons respectively, may
be related to either normal cooling of high-level plutons by conduction or to cooling induced by erosional
or tectonic denudation, possibly driven by strike-slip faulting. Zircon fission track ages of rocks cut by the
Marshall Creek fault, and from rocks in the footwall of the fault system indicate movement must have
occurred during the interval ~43 to 39.5 Ma. This episode of movement on the Marshall Creek fault may
be kinematically related to dextral strike-slip faulting on the Fraser fault system.

Résumé : La datation du zircon par la méthode des traces de fission (TFZ) et les ages %OAr/39Ar sur
biotite et sur hornblende permettent de préciser les limites dans le temps de I’épisode de refroidissement a
basse température reconnu dans la région de Bridge River, dans le sud de la Colombie-Britannique. Les
ages de refroidissement, évalués a 78-75 Ma et 2 55-52 Ma (TFZ), pour les plutons de Dickson et de Bendor
respectivement, pourraient étre liés soit a un refroidissement normal par conduction de plutons mis en place
a faible profondeur, soit a un refroidissement dii a une dénudation érosionnelle ou tectonique, causée
peut-étre par le jeu de décrochements. Les dges obtenus par la méthode des traces de fission sur zircon des
roches traversées par la faille et des roches du mur du systeme de failles indiquent que le mouvement a dii
se produire dans I'intervalle de 43 a 39,5 Ma. Cet épisode de mouvement dans la faille de Marshall Creek
pourrait étre relié cinématiquement au décrochement dextre s’étant produit dans le systéme de failles du
Fraser.

| Department of Geology, Union College, Schenectady, New York 12308-2311
2 Department of Geological Sciences, Queen’s University, Kingston, Ontario K7L 3N6
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INTRODUCTION

The Bridge River area is located on the eastern flank of the
Coast Range, about 200 km north of Vancouver, British
Columbia, and is located between the Insular terrane to the
west and the Intermontane terrane to the east (Fig. 1). The area
is underlain by several distinct tectonostratigraphic terranes,
which are blanketed by upper Middle Jurassic to upper
Cretaceous strata of the Tyaughton basin. The basement
terranes and the basin strata are intruded by plutonic rocks
which represent the eastern margin of the Coast Plutonic
Complex (Roddick and Hutchison, 1973; Woodsworth, 1977,
Monger and Journeay, 1992). These igneous rocks are impor-
tant in that they provide some of the only constraints on the
timing of structural development in the area. The Tyaughton
basin strata are interpreted to rest unconformably on volcanic
and volcanic-rich sedimentary rocks of the Upper Triassic
Cadwallader terrane (Schiarizza et al., 1989, 1990 and refer-
ences therein). Structurally interleaved with the Cadwallader
terrane and strata of the Tyaughton basin is the Bridge River
Complex, which is composed of highly deformed oceanic
rocks that range in age from Mississippian to Middle Jurassic

N

O\
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based on radiolarians and conodonts from chert and limestone
(Cordey and Schiarizza, 1993). Clastic rocks of the Cayoosh
assemblage, which may be Jura-Cretaceous in age, may rest
unconformably on rocks of the Bridge River Complex (Fig. 1;
Monger and Journeay, 1992).

Cretaceous to Paleogenc contraction and strike-slip fault-
ing dominate the regional structural pattern, and considerable
controversy surrounds the timing and style of deformation.
Mid-Cretaceous orogenesis involved significant northeast-
southwest and east-west contraction, but the role of contem-
poraneous strike-slip faulting is uncertain. Directly to the
south of our area, Journeay and Friedman (1993) have docu-
mented a distinct period of west-vergent contraction that
occurred between ~97 to 91 Ma. In the Bridge River area,
mid-Cretaceous contraction was followed by a discrete phase
of strike-slip faulting (Schiarizza et al., 1989, 1990; Garver
et al.,, 1989; Garver, 1991). An important and unresolved
question, in terms of the regional geology of this area, centres
around the timing of initiation, duration, and magnitude of
strike-slip faulting. Umhoefer and Schiarizza (1992) have
proposed that slip on strike-slip faults stepped from southwest
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Figure 1. Location and generalized geology of the study area showing zircon fission-track ages. See
Table I for ages and units; Ar-Ar ages are in Table 2. Figure modified from Monger and Journeay

(1992).
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to northeast as the system accommodated transfer of move-
ment from the northwest-trending Yalakom fault system to
the north-trending Fraser-Straight Creek fault system.

Zircon fission track (ZFT) age determination allows us to
estimate the time at which rocks have cooled below about
240 % 40°C (Brandon and Vance, 1992), and the Ar-Ar total
fusion dates reported here correspond to cooling below about
280 £ 40°C for biotite and about 500 £ 50°C for hornblende,
although the closure in both systems is dependent on the rate
of cooling. Previous work indicates that the low-temperature
cooling of the Coast Plutonic Complex (CPC) occurred at
relatively slow rates in the early Tertiary, but cooling adjacent
to the strike-slip faults in the Bridge River area occurred much
more rapidly (Parrish, 1983). The location of our study area
allows us to examine the cooling from the eastern flank of the
Coast Plutonic Complex into and across this strike-slip fault
system.

SAMPLING AND LABORATORY METHODS

Fission-track dating

For zircon fission-track analysis, our procedures for sample
preparation and dating are similar to those outlined in Naeser
(1976) for the external detector method. The Zeta method was
used to provide calibration to an age standard and glass
dosimeters were used in all irradiation packages (Wagner and
van den Haute, 1992). The dated zircon fractions, which were
non-magnetic with grain sizes between +200 and -60 mesh,
were mounted in FEP Teflon, polished, and etched at 225°C
for 12 to 20 hours. Low-uranium muscovite flakes were
atfixed to the Teflon mounts and the mounts were irradiated
at the Oregon State nuclear reactor using a nominal fluence
of 2 x 10! neutrons/cm?2. The CN-5 glass standard, which
was placed at the top, middle, and bottom of the irradiation

Table 1. Summary of zircon fission track (ZFT) data.

J.I. Garver et al.

tube, was used to monitor the tfluence. Zircon mounts of the
Fish Canyon Tuff were also irradiated and were used to
determine a Zeta factor for JIG and WEFV (see Table 1).
Fission tracks were counted at 1250X using an oil immersion
objective on an Olympus BH-2 petrographic microscope. The
ages, Zeta factors, glass dosimeter densities were calculated
using the computer programs of Brandon and Vance (1992).

Ar-Ar analysis

Unknowns and flux monitors (standards) were irradiated with
fast neutrons at the McMaster nuclear reactor for 29 hours.
Although monitors were spaced throughout the irradiation
container, J-values for the samples were determined by com-
parison to values from a well-characterized sample
(TL88-17); calibration to the flux monitors may change these
ages slightly and as a result the Ar-Ar total fusion ages in this
report should be considered preliminary. The ultra-high vac-
uum, stainless steel argon extraction system is operated on-
line to a substantially modified A.E.I. MS-10 mass-
spectrometer run in the static mode. Measured mass-spectro-
metric ratios were extrapolated to zero time, corrected to a
40A1/39Ar atmospheric ratio of 295.5 and corrected for neu-
tron induced “Ar from potassium and 3°Ar and *°Ar from
calcium. Dates and errors are calculated according to the
methods of Dalrymple et al. (1981) and the constants used are
those recommended by Steiger and Jiger (1977). The errors
shown in Table 2 represent the analytical precision at 2%
assuming a J-value error of zero.

RESULTS

Our fission track data and Ar-Ar data are from three principal
regions in the Bridge River area: the Dickson peak area in the
western part of the area, the Eldorado pluton and the Bendor

X2°/° U
Number UnitArea Elev. Ed N (ppm) Pooled age Mean Age
Ns Ni  x10°cm?

1 WV-08 Unk. ss; Carrol Lk. 4020’ 1464 1468 2.289 10 29.7 229  39.1+5641 39.8+ 5.6
2 WV-07 Rhy vx; Carrol Lk. 5120 1068 865 2.296 9 80.4 369 4351 6.1 43.5+5.4
3 WvV-06 Hurley Cg. clast 7120’ 366 366 2.307 6 85.8 159 395175 39.3+59
4 JG-o01 Bendor; tarn 6300’ 925 789 2.777 7 8.2 242 52.0+64 52.1+£8.2
5 JG-02 Bendor; ridge crest 8150’ 947 775 2.791 9 51.9 199 545+6.7 55.1+£6.2
6 JG-03 Mission Rdg. Plut. 2000’ 883 926 2.806 7 2.8 356 42.815.1 429+ 7.4
7 JG-04 Dickson; Slim Ck. 4490 861 416 2.749 7 111 206 90.7+13.2 94.3+ 19.4
8 JG-05 Dickson; Roxy Ck. 5940’ 937 627 3.271 7 42.2 220 78.0+£9.8 80.6 £ 11.0
9 JG-06 Dickson Pk. 7560’ 1133 761 3.140 10 95.3 224 746+ 8.8 754 £ 88
10 JG-08 Dickson; Gun Lk. 2820 894 794 3.324 7 32.1 401 59.8+ 73 61.0+£7.8

Notes: ZFT ages calculated using the Zeta method of calibration (see text). Counting parameters as follows: 1) Van Order (WV samples)
Zeta = 346.26 £ 15.36 {+ 1 se); 2) Garver (JG) Zeta = 320.97 £ 7.79 (£ 1 se). Ns = number of spontaneous tracks; Ni = number of induced
tracks. pd = density of tracks on the glass dosimeter extrapolated to the position of the sample. %2 % is the probability (%) that grain ages
are representative of a single population; the x2 test is failed when the probability falls below 5%. The pooled age (age calculated from the
total Ns/Ni) is preferred when the sample passes the 2 test, and the mean age (mean of individual grain ages) is used when the sample
fails x2. For both the Mean age and the Pooled age, the error shown is the 95% confidence interval.
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Table 2. Summary Ar-Ar total fusion data.

Grain %" Ar
Number Unit/Area Mineral size Mass “Ar/*Ar AyPAr  YA/fAr Vol ®Ar  rad Age (£ 20)
JG - 01 Bendor; tarn biotite 40/60 45 5.670 0.0018 0.017 17.268 91.79 64.36 £ 0.34
JG - 02 Bendor;ridge crest biotite  60/80 74 6.288 0.0062 7.816 2.118 71.10 62.86 £ 1.79
JG-02 " " hnb +40 59 5.527 0.0012 0.039 20.110 93.60 63.99 £ 0.28
JG - 04 Dickson; Slim Ck. biotite +40 56 7.782 0.0011 0.016 21.662 95.75 91.35 £ 0.21

Note: Dates are calculated relative to a previous age determination on TL87-17 (biotite). For these data 47 mg of a
40/60 mesh split of TL88-17 gave an age of 67.06 (PAr*Ar = 5.927; **Arf°Ar = 0.0017; Vol *Ar = 17.286; %™Ar rad =

Range in the south-central part of the study area, and rocks
along the Marshall Creek fault northeast of Carpenter Lake
(Fig. 1).

Dickson pluton

The Dickson pluton is composed of granodiorite to diorite.
Two samples from high elevations yicld zircon fission track
ages within error of one another: one from the southern tlank
of Dickson Peak (7560"), gave an age of 74.6 + 8.8 Ma, and
a sccond sample from the upper reaches of Roxy Creck
(5940") gave an age of 78.0 + 9.8 Ma (Table 1). A sample
from a small arm of the pluton at a low elevation (28207)
(Woodsworth, 1977), has a zircon fission track age of
59.8+7.3 Ma (Table 1). An Ar-Ar total fusion age of
91.35 £ 0.21 Ma on biotite and a zircon fission track age of
90.7 £ 13.2 Ma were obtained from a sample collected at the
edge of the pluton along Slim Creck (just off the northwest
corner of Fig. 1; 4490’; Tables 1, 2).

Eldorado pluton

The main intrusion of the Eldorado pluton is a biotite-horn-
blende granodiorite but smaller related stocks and a wide
alteration zone arc present in this arca (Garver et al., 1989).
A sample from the centre of the pluton gives a “0Ar-3%Ar
platcau age on biotite of 67.05 + 0.88 Ma (D.A. Archibald,
unpub. data). The exccllent platcau age, and the presence of
zircon, apatite, biotite, and amphibole, make this sample a
possible candidate for an age standard.

Bendor pluton

One of several granodioritic plutons in the Bendor Range, the
Bendor pluton is a biotite-hornblende granodiorite that is the
largest in the suite of Bendor intrusions (Roddick and
Hutchison, 1973). Our zircon fission track data from different
clevations indicate cooling below the zircon closure tempera-
ture at about 55-52 Ma (Table 1). We obtained a younger age
(52.0 + 6.4 Ma) from a low clevation sample (~6300) and a
slightly older age (54.5 £ 6.7 Ma) from a sample taken from
a ncarby ridge crest (~8150). Three Ar-Ar total fusion ages
are from thesc same two samples (Table 2); both samples
yicld biotite ages within error of each other with an average
age of ~63.5 Ma, and a hornblende age of ~64 Ma (Table 2).
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91.50). J values used for all samples are 7.0150e3. (1) Vol *Ar is in units of E-08 cm®.

Mission Ridge pluton and adjacent rocis

We sampled rocks on both sides of the northwest-trending
Marshall Creek fault (MCF) to better constrain the timing of
movement (Van Order, 1993). On the southwest side of the
fault, in the Carrol Lake arca, a zircon fission track age of
~39 Ma was obtained from detrital zircon from the lithic
arkosic sandstones that are interbedded with and underlic
rhyolitic and dacitic pyroclastic rocks (unit 12 of Roddick and
Hutchison, 1973). Because these sandstones contain a signifi-
cant percentage of felsic volcanic fragments, we suggest that
this age represents a maximum age of deposition. In this same
stratigraphic section, a zircon fission track age of 43.5 Ma was
obtained from the overlying volcanics. As an age of this
stratigraphic section, we favour the age of the volcanics
(~43.5 Ma) over the age obtained from the detrital zircon
because of problems associated with variable etch propertics
of detrital fission track sampies. On the northeast side of the
fault, we have obtained a zircon fission track age of
39.5+ 7.5 Ma from a granitic clast in metamorphosed con-
glomerates ot the Upper Triassic Hurley Formation
(Schiarizza ct al., 1990). Zircons from the Mission Ridge
pluton, at the Terzaghi Dam, yield a mean zircon tission track
age of 429+ 7.4 Ma.

DISCUSSION OF AGE DATA

Dickson pluton

The Dickson pluton, at the western edge of the study area and
at the castern edge of the Coast Plutonic Complex, has a U-Pb
age of 92.4 + 0.3 Ma (Parrish, 1991). The Ar-Ar total fusion
age of ~91 Ma on biotite and a zircon fission track age of
90.7 £ 13.2 Ma are close to the crystallization age of the
pluton. These ages indicate rapid cooling, presumably at the
border of the pluton, at a relatively high level (<~9 km - the
approximate closure depth of fission-tracks in zircon). Zircon
fission track ages in the centre of the pluton and from low
elevations (JG-5, 6, 8) indicate cooling below the zircon
closure temperature at about 78 to 60 Ma. Farther to the
northwest, Archibald ¢t al. (1989) reported an Ar-Ar total
fusion ages of 82 Ma (lhornblende) and 71.8 Ma (biotite) from
what has been mapped as the same plutonic body. An Ar-Ar
total fusion age of 78 Ma (sericite) was obtained from the
alteration zone around the pluton. The Dickson pluton is



presently poorly mapped, and it is not clear if the plutonic
body as mapped is composite or if younger plutons are
present.

Bendor and Eldorado plutons

Friedman and Armstrong (in press) reported a discordant
U-Pb crystallization age of 64 +11/-2 Ma for the Bendor
pluton; the fractions cluster below concordia and the age is
difficult to interpret. The actual crystallization age may be
similar to the age of the Eldorado pluton (~67 Ma). Our Ar-Ar
total fusion ages of ~63.5 (biotite) and ~64 Ma (hornblende)
indicate very rapid cooling during this time, suggesting crys-
tallization and cooling at shallow levels. A K-Ar age of
~59.5 Ma (biotite - Wanless et al., 1978) from the centre of
the pluton is slightly younger than our Ar-Ar total fusion age
on biotite. Both zircon fission track samples, taken from
different elevations, give ages that are within analytical error.

Mission Ridge pluton and adjacent rocks

The Mission Ridge pluton, which intrudes metamorphic
rocks of the Bridge River Complex ('Bridge River schist"),
lies in the footwall to the low-angle Mission Ridge fault and
the high-angle Marshall Creek fault. The map relations, kine-
matics, and timing constraints of these faults have been
recently studied by Coleman and Parrish (1991) and
Schiarizza et al. (1990). The Mission Ridge fault separates
high-level, low-grade rocks of the Bridge River Complex
(and overlying sedimentary rocks) in the hanging wall, from
the Bridge River schists and intrusives in the footwall; the
footwall was exhumed during movement on both faults
(Coleman and Parrish, 1991). The Marshall Creek fault cuts
the Mission Ridge pluton which has a U-Pb date of
47.4+ 0.3 Ma (Coleman and Parrish, 1991). An Ar-39Ar
age of 46.4 Ma on biotite from a high clevation (~8600")
biotite reaction zone, in a footwall position at the southern
cdge of the Shulaps ultramatic complex (Archibald et al,,
1991), indicates cooling that was perhaps related to tectonic
denudation caused by movement on the MRF (Coleman and
Parrish, 1991). The Marshall Creek fault juxtaposcs low-
grade rocks of the Bridge River Complex and unconformably
overlying Tertiary(?) volcanics and sedimentary rocks on the
southwest against Bridge River schists and metamorphoscd
rocks of the Cadwallader Group on the northeast (Schiarizza
ctal., 1990). In the Carrol Lake area, the Marshall Creek fautt
cuts Tertiary volcanic and underlying sedimentary rocks,
which rest unconformably on the underlying Bridge River
Complex.

Our zircon fission track ages indicate that faulting must
have, in part, postdated the deposition of the volcanic and
sedimentary rocks at 43.5 Ma. Likewise, the zircon fission
track ages of 39.5 Ma and 42.9 Ma on the granite clast and
the Mission Ridge pluton respectively, indicate cooling of the
footwall rocks at this time. Together, these data indicate
movement of and cooling along the Marshall Creck fault
between ~43.5 Ma and 39.5 to 43 Ma; this timing constraint
is one of our most significant findings. To bring rocks on the
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northeast side of the fault towards the surface, dip-slip move-
ment was likely, but the amount of strike-slip movement is
uncertain.

DISCUSSION

Our cooling ages young from southwest to northeast across
the study area. Our interpretation of all these data, however,
is complicated by the fact that our cooling ages are from
plutonic rocks that also young from southwest to northeast.
For this rcason, we are in the difficult position of determining
whether these ages reflect either post-intrusion thermal decay
or denudation of overlying rocks and subsequent downward
movement of low-temperature isotherms.

In the case of the Bendor and Dickson plutons, the zircon
fission track ages could represent: 1) post-intrusion cooling
by conduction at high levels in the crust (above the closure
temperature of zircon); or 2) cooling induced by cither
crosional or tectonic denudation. We cannot rule out either
option 1 or 2 above, but our ongoing studies using fission
track and Ar-Ar dating of other mineral phases may shed
additional light on this problem. However, the presence of a
vertical thermal gradient, as suggested by younger ages at
lower clevations in the Dickson and Bendor plutons, suggests
cooling proceeded downward when zircon passed through its
closure temperature. This pattern of cooling suggests, but is
not diagnostic of, cooling by cither crosional or tectonic
denudation.

The Castle Pass fault, which is interpreted to be a strike-
slip fault, is intruded by the 67 Ma Eldorado pluton, which is
just north of the limit of our study area in Figure 1 (Garver et
al., 1989; Schiarizzaet al., 1989; Garver, 1991), but cuts rocks
as young as 94 Ma (Silverquick conglomerate - see Garver
and Brandon, in press). Strike-slip faulting, thercfore,
affected the rocks in the western part of the map arca some-
time between 94-67 Ma. Two of the four zircon fission track
ages from the Dickson pluton (78-75 Ma) fall within this
permissablc age range of strike-stip faulting. Amphibole from
a homblende porphyry dyke near the Yalakom fault system,
gives an age of ~76 Ma (“Ar/39Ar; Archibald et al., 1990).
Likewise, low-temperature cooling ages ncar the Dickson
pluton in the Warner Pass arca (Archibald et al., 1989) give
ages between 78 and 72 Ma. Therefore, the zircon fission
track and Ar-Ar data suggest a period of cooling and dyke
emplacement during the interval between ~78-72 Ma. These
cooling ages could be linked to either the initiation of dextral
transpression, and cooling that may have been driven by uplift
and denudation, or post-orogenic uplift and denudation
following the regionally significant mid-Cretaccous contrac-
tional episode, or both. The oldest zircon fission track age
(~91 Ma) is from rocks at the edge of the pluton and presum-
ably represents rapid cooling at the edge of the pluton, or
possibly cooling of a separate unrecognized plutonic body.
The youngest zircon fission track age (~60 Ma) is from a very
low clevation and therefore may have been deeper than the
other samples during cooling; this young age may be related
to a separate cooling event that is preserved in the Bendor
Range (sce below).
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Umhoefer and Schiarizza (1992) argued that the Late
Cretaccous to carly Tertiary strike-slip faults in the Bridge
River arca evolved as a transfer zone between movement on
the northwest-trending Yalakom fault system and related
faults in Washington state. They suggested that the region
experienced a change from transpression to transtension at
about 58 Ma, coincident with a change to rapid and oblique
convergence of the Kula plate and the North American plate;
they note, for example, that northwest along the Yalakom
fault system, ~58 Ma cooling and extension occurred in the
Tatla Lake metamorphic complex (Fricdman and Armstrong,
1988). It is possible that both the K-Ar age of ~59.5 Ma and
the zircon fission track ages of ~55-52 Ma from the Bendor
Range, and the zircon fission track ages of ~60 Ma from the
Dickson pluton record cooling associated with uplift and
erosion that may have been controlled by vertical movements
of crustal blocks scparated by dextratl strike-slip faults.

From data collected in the Bridge River Canyon arca,
Coleman and Parrish (1991) suggest that about 100 km of
dextral movement on the Fraser fault (nearby to the east)
occurred after 46.5 Ma, but before intrusion of a 34 Ma phase
of the Chilliwack batholith (sce Tepper, 1991). Umhoefer and
Schiarizza (1992) postulated that at ~47 Ma, the Straight
Creek fault in Washington state, was the active southern
continuation of the Yalakom fault system. As faulting pro-
gressed, ~110 km of dextral offset on the Straight Creek fault
was transferred to ~20 km on the Marshall Creek fault-
Yalakom fault system and ~90 km on the Fraser fault. Our
data from rocks along the Marshall Creek fault and below the
Mission Ridge fault indicate that rapid cooling occurred
between 43 and 39 Ma. We suggest, as have others, that the
latest movement on the Marshall Creek was kinematically
linked to movement on the Fraser fault to the east (Coleman
and Parrish, 1991; Umhoefer and Schiarizza, 1992), and that
our low-temperature cooling ages from rocks adjacent to the
Marshall Creck fault date an episode of dip-slip movement
(northeast side up) driven by dextral slip on the Fraser fault.
Therefore, our data suggest that an episode of movement on
the Marshall Creck fault, and probably the Fraser fault,
occurred between 43.5-39 Ma. Our ongoing studies using
fission-track dating of apatitc and 40Ar-39Ar analyses of
biotite and K-spar will allow us to better resolve the spatial
and temporal aspects of low-temperature cooling in this area.
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Abstract: The Devonian (~360 Ma) Ice River Complex, alarge, well-exposed ijolite-carbonatite-syenite
intrusion in southeastern British Columbia, consists of a feldspar-poor series (ijolite-carbonatite) and a
slightly younger feldspar-rich series (melanocratic to leucocratic nepheline syenite). Melanocratic rocks of
the feldspar-poor series contain perovskite, while those with higher silica activity (feldspar-rich series) do
not. The feldspar-poor series at Aquila Ridge forms a swarm of northwest-trending dykes with many screcns
of fenitized limestone. Some of these dykes contain macrocrysts (<6 cm) of olivine, clinopyroxene zoned
from chrome diopside cores to titanaugite rims, and phlogopite, consistent with an alkaline ultramafic
parental magma. The excellent exposure, favourable mineralogy, and unusual tectonic setting (passive
margin) make thc Ice River Complex a prime site for research on the generation, differentiation, and
emplacement of alkaline mafic intrusions.

Résumé : Le complexe d’Ice River du Dévonien ( 360 Ma), vaste intrusion bien exposée d’ijolite-
carbonatite-syénite dans le sud-est de la Colombie-Britannique, est composé d’une série pauvre en feldspath
(ijolite-carbonatite) ct d’une série riche en feldspath (syénite a néphéline mélanocrate a leucocrate),
légérement plus récente. Les roches mélanocrates de la série pauvre en feldspath contiennent de la
pérovskite, tandis que celles qui présentent une plus forte teneur en silice (série riche en feldspath) n’cn
contiennent pas. La série pauvre en feldspath, & la créte Aquila, forme un essaim de dykes de direction
nord-ouest au contact desquels s’observent de nombreux écrans de calcaire fénitisé. Certains dykes
contiennent des phénocristaux ( 6 cm) d’olivine, de clinopyroxéne zoné (noyau de diopside chromifére
passant a une bordure de titano-augite) et de phlogopite, ce qui est compatible avec un magma parental de
composition ultramafique alcaline. La qualité de ses affleurements, sa minéralogie favorable et son cadre
tectonique inhabituel (marge passive) font du complexe d’Ice River un site de premiére importance pour la
recherche sur la formation, la différenciation et la mise en place d’intrusions mafiques alcalines.
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INTRODUCTION
The Ice River alkaline complex forms a U-shaped mass of
ijolite, carbonatite, and syenite underlying about 30 km? of
the main ranges of the Rocky Mountains south of Field,
British Columbia (Fig. 1). Because of the varicty of litho-
logtes and superb exposure across parts of three ranges, the
complex offers a unique opportunity to study the petrogeny
and emplacement of alkaline rocks. However difficult access,
complicated by its location in Yoho National Park, and heavy
precipitation have hindered detailed study of the complex,
although the disposition of the main phases has been accu-
rately known since the classic mapping by Allan (1914).
Allan’s work was revised and updated by Currie (1975) after
Rapson (1963) demonstrated the presence of an igneous
carbonatite body (as opposed to the limestone inclusion
mapped by Allan) within the ijolite. The complex, emplaced
mainly into Ordovician limestone (Ottertail Formation) in
Devonian time (368 + 4 Ma, Parrish et al., 1987; 357 Ma by
U-Pb (perovskite), L. Heaman, pers. comm., 1991), under-
went Laramide deformation, but most portions of it appear
pristine, although the work of Parrish et al. (1987) shows that
chemical and isotopic disturbance is widespread. The

evolution and emplacement of the complex are not well
understood. Currie (1975) concluded that the complex was
emplaced mainly as a sill-like mass with subordinate dykes
and plugs, and that diverse compositions were derived from
a single parental magma by various combinations of frac-
tional crystallization, and silicate/carbonate and silicate/sili-
cate liquid immiscibility.

Further work by Peterson (1983) substantiated Curric’s
petrological subdivisions, but raised questions regarding the
emplacement mechanisms and the role of liquid immiscibil-
ity. This paper summarizes the results from 3 days of study
by the authors at the north end of Aquila Ridge (Fig. 2) and
attempts to identify outstanding problems which must be
addressed in future studies of this complex.

This study led to the following conclusions:

1. the ijolite and nephcline syenite arose from separate
magma batches; the nepheline syenite magma may have
been contaminated by silica-rich Archean basement or
upper Proterozoic sedimentary rocks;

2. the carbonatite body is a dyke swarm which dramatically
expands within the Aquila Ridge ijolites;
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Figure 1. Location and simplified geology of the Ice River Complex. The area of Figure 2 is shown

by the heavy lines.
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3. the AquilaRidge ijolite body consists mainly of dykes and
contains a large volume of strongly metasomatized and
partially melted screens of country rock (the "zeolite
syenites" of Currie,1975); and

4. Dyke rocks rich in macrocrysts of olivine, augite, and
phlogopite indicate that nephelinite magma was parental
to the ijolite.

The carbonatite body of Garnet Cirque

The carbonatite, a relatively homogeneous body, weathering
dark reddish-brown to black due to its high Fe content (sce
Currie 1975 for analyses), is exposed on the south wall of
Gamet Cirque. From the opposite wall of the cirque, the
cross-section forms a triangular mass of dark rocks with crude
internal layering or zonation (Fig. 3) narrowing from 750 m
across the top, to less than 150 m at its partly covered base.
Numerous carbonatite dykes exposed on the floor and north
wall of the cirque trend south-southeast toward this body,
suggesting that it 1s cither a source of the dykes, or formed by
coalescence of dykes.

The carbonatite body contains numerous leucocratic,
anastomosing veins <30 cm thick consisting mainly of
natrolite (Na2Si13A1201002H20), occasionally with melano-
cratic margins of Fe-serpentine (berthierine). Euhedral,
twinned phenocrysts of tetranatrolite (a high-temperature
tetragonal polymorph of natrolite) plus magnetite and
berthierine were identified in other carbonatite dykes of this
complex by Peterson (1983) who suggested the natrolite veins
could form by liquid immiscibility between hydrous silicate
and carbonatite melts, with natrolite forming a liquidus phase
common to both melts.

T.D. Peterson and K.L. Currie

The Ice River carbonatite is substantially richer in Fe
(present as ankerite, siderite, and Fe-oxides and silicates) than
most other carbonatites (which are usually dominated by
calcite or dolomite). Iron-rich carbonatites must, in general,
have a protracted differentiation history, since liquids of this
composition cannot arise from the mantle or by liquid immis-
cibility from reasonable magma compositions (Kjarsgaard
and Peterson, 1991).

Ijolite body of Aquila Ridge

Currie (1975) mapped the ijolite body of Aquila Ridge as a
layered sill, with melanocratic rocks concentrated near the
bottom (northeast edge). The north wall of Garnet Cirque is
laced with ijolitic dykes which parallel both carbonatite dykes
and the trend of Aquila Ridge, suggesting that the northwest-
southeast elongation of the ijolite body may reflect emplace-
ment of a large number of diverse subparallel dykes. Diverse
dykes and incorporation of numerous screens of country rock
could produce the observed extreme local variation in rock
types. Layering of any type is difficult to discern in moun-
tainside exposures of the ijolites, but some internal divisions
within the Aquila Ridge ijolite body can be recognized.
Wollastonite-bearing ijolites are concentrated in the topo-
graphically highest portions of the body, as noted by Currie
(1975), while the most primitive and silica-undersaturated
rocks, typically perovskite-rich pyroxenite cumulates, are
concentrated along the northeastern edge of the body (corres-
ponding to the "floor" in a sill model). If the ijolite body is a
dyke complex, either similar (gravitational?) differentiation
has taken place within many dykes, or some unknown mecha-
nism has segrcgated dykes to produce the observed
disposition,

Alluvium

Carbonatite

ljolite and
alkali pyroxenite

Syenite

Ottertail Formation
(limestone)

Chancellor Formation
(shale, limy shale)

Contour
(height in feet)

igure 2. Geological sketch of Garnet Cirque. Aquila Ridge is the southeast-trending
mountain spine overlooking the cirque (after Currie, 1975).
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Table 2. Amphiboles in dyke rocks.

IRD-1 IRD-1 IRD-4

secondary primary secondary

Sio, 39.17 41.08 53.95
TiO, 0.17 3.34 0.73
ALO, 12.77 11.84 1.31
Cr,0, 0.06 0.08 0.12
FeO 21.56 20.55 12.73
MnO 0.27 0.18 0.14
MgO 7.26 13.10 15.37
CaO 9.54 11.48 2.40
Na,0 412 2.58 7.30
KO 0.63 1.41 0.85

contains phenocrysts of augite normally zoned to titanaugite,
plus an abundance of xenocrysts and xenoliths derived from
the country rock and intrusive complex (Table 1, sample
IRD-3). Sample IRD-4 contains macrocrysts of clinopy-
roxene (£6 cm) with cores of chrome diopside (Table 1) and
rims of aluminous, moderately Ti-rich augite, in a matrix of
phlogopite, clinopyroxenc, magnetite, and apatite. Secondary
amphiboles replacing primary kaersutite have much higher
Na/K and Fe/Mg. Secondary sodic amphibole replacing a
limestone xenolith in IRD-4 has high Mg/Fe, probably
reflecting the presence of dolomite in the limestone (Table 2).

The olivine and pyroxene macrocrysts are readily inter-
preted as phenocrysts or xenocrysts derived from the upper
mantle. The chrome diopside macrocrysts are probably high-
pressure megacrysts. The assemblage restricts possible com-
positions of primary melts (which can not be satisfactorily
determined by chemical analysis of our samples) to those in
which olivine+augite is a near-liquidus assemblage, and phlo-
gopite+ kacrsutite appears at lower temperatures (and pres-
sures?). Such assemblages are typical of volatile-rich (H, F,
CO,) alkaline magmas with broadly olivine nephelinitic
compositions. Such compositions commonly crystallize to
ultramafic lamprophyres, but the presence of lamprophyric
texture is an artifact of crystallization conditions which were
only rarely realized in the Ice River Complex. The widespread
presence of perovskite in the ultramafic dykes suggests that
magma compositions were too poor in silica to crystallize
feldspar, even at appropriate pressures, and the presence of a
differentiation series (ijolite-urtite) poor in feldspar suggests
that differentiation did not increase silica activity sufficiently
to stabilize significant amounts of feldspar. The feldspar-rich
parts of the complex must have formed from a magma of
higher silica activity, either a magma from a different source
or a magma contaminated by addition of a siliceous
component.

TECTONIC SETTING

According to conventional wisdom, carbonatite-bearing in-
trusions are usually emplaced within active intracontinental
fault zones, many of which are embryonic rifts. However, the
Ice River Complex was emplaced at the edge of a continental
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shelf where sedimentary facies changed from shallow-water
carbonates to deeper-water shales (Aitken, 1971). Several
other carbonatite bodics ot similar age are found north of Ice
River in a similar setting, notably the Aley dolomite carbona-
tite (Mader, 1987; Pell and Héy, 1989). The standard model
of passive upwelling beneath an extensional zone to produce
CO3-rich alkaline magma can be applied to these carbonatite
bodies, if their emplacement resulted from limited extension
coinciding with the Devonian initiation of strike-slip motion
between North America and the Pacific basin (Eisbacher,
1983). Assuming little or no rotation of the complex during
Tertiary folding and thrusting, the northwest-southeast orien-
tation of the Aquila Ridge dyke suite should approximate the
direction of first slippage along a major tault zone to the west.
Since that time numerous allochthonous terranes have docked
with western North America, isolating the carbonatite intru-
sions from the continental margin.

DISCUSSION

Our interpretation of the Ice River Complex emphasizes the
possible role of metasomatism in producing a wide spectrum
of rock types, some of which can only be distinguished with
difficulty from genuine igneous rocks. The interpretation is
readily testable by additional mapping, and by stable and
radiogenic 1sotope studies of critical rock types. The Ice River
Complex exhibits little fenitization relative to most other
intrusions of this type (many of which have been interpreted
as comprised almost entirely of remelted fenites). This
minimal igneous-country rock interaction may account for
the apparently exceptionally pristine nature of the Ice River
Complex.

The relationships between syenites and ijolites in alkaline
intrusions (and phonolites and nephelinites in corresponding
volcanic suites) are complex, and cannot be reduced to any
single set of processes (Bell and Peterson, 1991). Melano-
cratic sycnites of the Ice River Complex contain their own
distinctive suite of high-Ti and hydrous mafic minerals (titan-
ite and kaersutite, versus perovskite and phlogopite in the
ijolites). We consider it probable that the syenites crystallized
from a magma with higher silica activity than the magma
parental to the ijolite suite, possibly a magma of generally
alkali basaltic composition. This interpretation would be con-
firmed if the nepheline syenites are isotopically distinguish-
able from the ijolites and carbonatites. The magma parental
to the nepheline syenites could have arisen either as a com-
pletely separate entity from the magma parental to the ijolite
series, or as a cognate magma which assimilated siliceous
material, cither from continental basement below the com-
plex, or possibly from siliceous sedimentary host rocks.

Our observations on the prevalence of dykes in the west-
cern parts of the Ice River Complex suggest that the rest of the
complex needs to be re-examined in order to define more
closely the form and mechanism of emplacement of the
pluton. It can no longer be assumed that the complex repre-
sents a single pluton of simple shape. Because of the superb
three-dimensional exposure of the Ice River Complex, it may
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be possible to determine the form and sequence of intrusive
phases with sufficient accuracy to serve as a model for other
alkaline complexes.

The megacryst suite in the dyke rocks will provide infor-
mation on the state of the upper mantle beneath the continen-
tal margin in the mid-Paleozoic. Contrasts in isotopic
composition between macrocrysts and later phenocryst
phases should provide a measure of crust-magma interaction,
a notoriously difficult parameter to estimate in alkaline
intrusions.
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Abstract: The Hel) Creek ‘fault’, located northwest of Lillooet, British Columbia, has been thought to
be a neotectonic feature. However, its close association with antislope scarps and deep-seated landslides in
highly deformed and foliated rocks of the Bridge River complex argues for a gravitational, rather than
tectonic, origin. The segmented antislope scarp that constitutes the Hell Creek structure occurs near the
contact between highly deformed and broken metasedimentary rocks (part of the Bridge River complex)
and more competent igneous rocks (Mission Ridge pluton). It was produced, during the Holocene, by
complex slow landsliding and attendant slopc extension. The Hell Creck ‘fault’, although incapable of
generating an earthquake, does reflect deep-seated slope instability that is a potential hazard to development
in the Bridge River valley below the site. Similar features are common throughout the southern Coast
Mountains and record widespread slope deformation in the region.

Résumé : La «faille» de Hell Creek, située au nord-ouest de Lillooet, en Colombie-Britannique, était
considérée de nature néotectonique. Cependant, son étroite association avec des escarpements a regard
opposé a celui de la pente naturelle ct des glissements de grande profondeur dans des roches trés déformées
et foliées du complexe de Bridge River font pencher en faveur d’une origine gravitaire plutét que tectonique.
L’escarpement segmenté a regard inverse qui constitue la structure de Hell Creek est situé prés du contact
entre des roches métasédimentaires trés déformées et fragmentées (faisant partie du complexe de Bridge
River) et des roches ignées plus compétentes (pluton de Mission Ridge). 11 a été produit, a I’'Holocéne, par
des glissements de terrain complexes et lents, accompagnés d’une extension concomitante du talus
d’éboulis, La «faille» de Hell Creek, quoique incapable de provoquer un tremblement de terre, indique une
instabilité profonde des pentes qui pourrait constituer un danger pour des travaux d’aménagement dans la
vallée de la riviére Bridge a des altitudes plus basses. Des structures semblables sont nombreuses dans le
sud de la chaine Cétiére ct elles révélent une déformation étendue des pentes dans la région.

! Terrain Scicnces Division, Ottawa
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INTRODUCTION

The high scismicity (Milnc ct al., 1978), elevation, and relicf
of southwestern British Columbia indicate that the region is
tectonically active. In spite of this, few active faults have been
identified in this part of the Cordillera. In fact, aside from
faults at present-day plate boundaries in the castern North
Pacific Ocean, there is only one structure in southwestern
British Columbia that is widely believed to be active — the
Hell Creek *fault’ near Lillooet (Fig. 1). (For convenience and
in keeping with past usage, the structure is referred to as the
Hell Creek ‘fault’ throughout the paper; no tectonic connota-
tion, however, is implied.)

The Hell Creek fault was first identified in 1970 by
J.A. Roddick and W.W. Hutchison of the Geological Survey
of Canada. They observed on airphotos a 2 km long scarp on
a high ridge in the eastern Coast Mountains. This feature
displaces bedrock and Quaternary sediments and was shown
on their geological map of the Pemberton area as a '"Recent
fault" (Roddick and Hutchison, 1973). Later, Slemmons et al.
(1978) briefly described and interpreted the Hell Creek fault.
They postulated three phases of displacement during the
Holocene and suggested that the structure could generate a
large earthquake in the future.

The Hell Creek fault is only 2 km from Terzaghi Dam,
which impounds Carpenter Lake and 1s an important hydro-
electric facility (Fig. 1). Because the dam might be damaged
by a moderate or large local earthquake, the seismic capability
of the Hell Creek fault is of more than academic interest. We
argue in this paper that the structure is gravitational in origin
and consequently is incapable of generating an earthquake,
although a major landslide into Carpenter Lake clearly would
have serious consequences.
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GEOLOGICAL SETTING

The Hell Creek fault is located in an arca of high relief and
stecp slopes (Fig. 1, 2) in the eastern Coast Mountains near
the boundary between the Intermontane and Insular super-
terranes. This part of the Cordillera comprises several frag-
ments of crust, or terranes, that originated in oceanic and
island arc settings and subsequently were accreted to North
America (Potter, 1986).

The area is underlain, in part, by Mississippian to Middle
Jurassic phyllite, schist, greenstone, chert, marble, and ser-
pentinite of the Bridge River complex (Potter, 1986; Cordey
and Schiarizza, 1993). The rocks have been metamorphosed
from greenschist to lower amphibolite facics. Low grade
(prehnite-pumpellyite facies) rocks are highly broken and
chaotic, whereas higher grade rocks have a more orderly
structure. The Bridge River complex in the vicinity of the Hell
Creek fault consists largely of phyllite, siliceous phyllite, and
metachert and is intruded by hornblende-biotite-quartz-
teldspar porphyry and biotite granodiorite, part of the Mission
Ridge pluton of early Tertiary age (Fig. 1; Potter, 1983;
Schiarizza et al., 1989, 1990; Coleman and Parrish, 1991).

Structures produced by subduction-related deformation
and metamorphism are found locally in Triassic blueschists
and Middle Jurassic or younger mélange of the Bridge River
complex (Garver et al., 1989; Schiarizza et al., 1989, 1990).
The brittle faulting and lenticularity of lithological units that
characterize the Bridge River sequence may be a result of this
carly deformattonal history (Schiarizza ct al., 1990).

Numerous northwest-trending faults postdate these old
structures and record a complex history of mid-Cretaceous
to Tertiary compressional, strike-slip, and extensional

6000 8000 10000 12000

METRES

Figure 2. Representative topographic profiles across the ridge followed by the Hell Creek fault (see Fig. |
Sor locations). Arrows show the position of the fault on the profiles.
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The southeast section of the Hell Creek fault is entirely
within the Mission Ridge pluton. It comprises two branches
delineated by scarps that dip upslope, i.e. to the north-north-
east. The more northerly of the two is short and inconspicu-
ous, but is otherwise similar to the main scarp a short distance
to the south. The latter is slightly curved and parallels the crest
of the ridge about 150 m to the northeast; it also is parallel to
a major joint set within the Mission Ridge pluton (Fig. 8B),
suggesting gravitational control. A gravitational origin for
this section of the Hell Creek fault is supported by the pres-
ence of a parallel antislope scarp on the opposite side of the
ridge at about the same elevation. The two scarps dip in
opposite directions (i.e., upslope), but are otherwise identical.
We conclude that they are genetically related and record
gravitational spreading of the ridge, with the crest having
subsided relative to the flanks (Fig. 9b). Fresh rockfall, both
at the crest of the ridge and on its southwest flank, support
this notion and indicate that movement may be continuing.

Similar structures are common elsewhere in the southern
Coast Mountains of British Columbia; those that have been
examined and reported in the literature (Affliction Creek —
Bovis, 1982; Mount Curric — Evans, 1987) have been
ascribed to gravitational processes and not tectonism. These

N

Figure 8. Stereographic projections of poles (open circles)
to foliation and joints in the Bridge River complex and
Mission Ridge pluton along the two sections of the Hell Creek
fault; the projections are equal-area, lower hemisphere plots.
A) Northwestern section, striking 290° (tick mark); peak pole
position (star) = 186°/44°. B) Southeastern section, striking
300°; peak pole position = 207°/138°. The data, although
limited, suggest that the Hell Creek fault is parallel or
subparallel to the strike of the rock fabric.
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features also are found in many other mountain areas and have
been described and interpreted as gravitational features by
Zischinsky (1969), Tabor (1971), Radbruch-Hall et al.
(1976), Mahr (1977), Radbruch-Hall (1978), Savage and
Varnes (1987), and Thorsen (1992), among others.

Glacial sediments deposited between 15 000 and
12 000 years ago, during the last (Fraser) glaciation, are offset
by all antislope scarps in the study area. This indicates that the
Hell Creek fault and related gravitational structures are latest
Pleistocene or Holocene in age. The steepness of the scarps
(up to 40°) and the lack of significant amounts of colluvium in
adjacent troughs argue for at least some movement during the
late Holocene. The presence of fresh rockfall on slopes above
and below the Hell Creek fault suggests that the gravitational
movements that formed the antislope scarps may be continuing.

IMPLICATIONS

A gravitational origin for the Hell Creek fault has important
implications for earthquake hazard assessment in the Bridge
River area. We conclude, contrary to Slemmons et al. (1978),

(a) BRIDGE RIVER
6@" COMPLEX

ANTISLOPE SCARP
MISSION /

RIDGE
(b) PLUTON

SW NE
HELL CREEK FAULT

Figure 9. Schematic diagrams illustrating the proposed
gravitational origin of the Hell Creek fault; a) Plan showing
slumping and sagging of highly deformed Bridge River
phyllite adjacent to more competent granitic rocks of the
Mission Ridge pluton (vicinity of section A-A’, Fig. 1). These
movements produced the antislope scarp that delineates the
northwestern part of the Hell Creek structure. b) Cross-
section of the ridge underlain by Mission Ridge plutonic rocks
at the southeast end of the structure (near section B-B’,
Fig. 1). Antislope scarps on opposite sides of the ridge
suggest extension and minor subsidence of the crest relative
1o the flanks.
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that the Hell Creek fault is not a potential source of earth-
quakes. This, however, does not deny the possibility that
destructive earthquakes may occur in the area in the future,
or that there are seismically capable faults that have not yet
been recognized. A large earthquake could occur on a blind
structure that has no surface expression or on an old fault that
is presumed to be inactive.

Attempts to better understand the relationship between
historical seismicity and crustal structure in British Columbia are
vexed by the fact that few active faults have not been identified
in this region. As we have shown, the Hell Creek fault, the only
onshore structure in southwestern British Columbia gencrally
thought to be active, is in fact a gravitational featurc. We are
reluctant, however, to conclude that there are no active surface
faults in the region, even though large earthquakes of the historic
period (A.D. 1872 and 1946) apparently produced no surface
rupturing. There almost certainly are Holocene faults in south-
western British Columbia, but these will be difticult to locate
in the high-relief, forested terrain that dominates the region. In
the future, it may be possible to identify these structures from
the loci of preciscly located earthquakes.

Our identification of the Hell Creek fault as a gravitational
structure also has implications for landslide hazard asscssment.
Some of the rocks of the Bridge River complex are highly
unstable and susceptible to landsliding. Deformation similar to
that at Hell Creek is found at many places in the Bridge River
area (Fig. | inset) and is characterized by deep-seated slumping
and sagging, toppling, and the formation of antislope scarps.
Slopes at Hell Creek and at other sites where there are antislope
scarps may be deforming today. An important unanswered
question 1s whether slow deformation of this type could, at some
future date, trigger a catastrophic rock avalanche that would
reach a developed valley floor. Given the high reliet and wide-
spread cvidence of instability in the Bridge River area, cata-
strophic slope failures probably should be viewed as a greater
local hazard than earthquakes. Perhaps the worst-case scenario
is that a large earthquake would trigger such landslides.
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An overview of the Vancouver-Fraser Valley
hydrogeology project, southern British Columbia

Brian D. Ricketts and Lionel E. Jackson, Jr.!
Cordilleran Division, Vancouver

Ricketts, B.D. and Jackson, L.E., Jr., 1994: An overview of the Vancouver-Fraser Valley
hydrogeology project, southern British Columbia; in Current Research 1994-A; Geological
Survey of Canada, p. 201-206.

Abstract: A new hydrogeology project aims at delineating and characterizing aquifers and groundwater
flow in the Greater Vancouver and lower Fraser Valley regions. Important aspects of the project are
summarized, in particular the groundwater database, and experimental geophysical (ground penetrating
radar, seismic and EM) and geochemical techniques. Preliminary sedimentological studies in the
Brookswood unconfined aquifer are provided to calibrate the ground penetrating radar data.

Résumé : Un nouveau projet d’hydrogéologie a été mis sur pied pour délimiter et caractériser les
aquiféres et I’écoulement des eaux souterraines dans les régions du Grand Vancouver et de la basse vallée
du Fraser. Les aspects importants du projet sont présentés, en mettant I’accent sur la base de données sur
les eaux souterraines et les techniques géophysiques (géoradar, méthodes sismiques et électromagnétiques)
et géochimiques expérimentales. Les études sédimentologiques préliminaires dans I’aquifére 4 nappe libre
de Brookswood servent a étalonner les données géoradar.

! Terrain Sciences Division, Vancouver
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INTRODUCTION

In April 1993, the Geological Survey of Canada launched a
hydrogeological program to delineate and characterize the
geology of major aquifers, groundwater flow, discharge and
recharge, and water chemistry, in rapidly growing regions of
Canada. Two projects initiating the program are the Oak
Ridges Moraine north of Toronto, and the Vancouver lower
mainland — Fraser Valley.

Rationale

Rapid urban, industrial and agricultural growth in the greater
Vancouver area, requires rational planning by all levels of
government to deal with the increasing demand for potable
water. The protection of existing groundwater resources, and
the exploration for and utilization of new sources, depend on
asound understanding of the regional hydrogeological frame-
work. Factors such as groundwater mining, salt water intru-
sion and contaminant plume migration can only be properly
assessed if the regional hydrogeological architecture is under-
stood. Better understanding of groundwater flow will also
provide a more accurate basis for identifying potential con-
taminant flow paths, thereby reducing the cost of remediation
programs.

The Vancouver study area initially includes the two town-
ships of Surrey and Langley, south to the international border
(Fig. 1). This area was chosen because it contains a high
proportion of domestic groundwater users, in addition to
agricultural (e.g., irrigation) and industrial uses such as fish
hatcheries. Furthermore, contamination of groundwater by
agriculturally derived nitrates and pesticides is of increasing
concern in several unconfined aquifers (e.g., Liebscher et al.,
1992). There are about 4000 water wells in the initial study
area which will form the backbone of the hydrogeology
database.

THE DATABASE

There are two components to the Vancouver-Fraser Valley
hydrogeology database: existing water well and chemistry
information that is scattered among several government agen-
cies and private companies, and new data. A great deal of
information is available from existing water well records,
most of which have been provided by the Water Management
Branch of the B.C. Ministry of Environment, Lands and
Parks; well and test drilling records have also been provided
by Environment Canada and gravel pit operators. These
records contain lithological and hydrological data, which
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Figure 1. Location of initial Vancouver-Fraser Valley hydrogeology project study area. The location of

Figure 2 is marked by the black square.
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have been converted to a dBASE structure (details in
Woodsworth and Ricketts, 1994). Few water well records in
British Columbia are located by NTS coordinates. Conse-
quently, all well locations have been digitized, with the coor-
dinates added to a location database file. The various dBASE
files will in turn be exported to ARC/INFO®, together with
coverages such as digital clevation, surface geology, water
chemistry, weather and land use.

Various geophysical techniques, stratigraphic test drilling
and piczometer arrays will be used to gencrate new data, to
test the integrity of existing well records, and to provide a
more comprehensive picture of the three dimensional hydro-
stratigraphic architecture.

Ground penetrating radar

Ground Penctrating Radar (GPR) experiments were success-
fully conducted over the Brookswood unconfined aquifer,
part of the postglacial outwash complex known as Sumas
Drift (Armstrong, 1981, 1984; Halstead, 1986, Fig. 1, 2), to
determine the following (see Rae et al., 1994):

1. can GPR be used to examine an aquifer’s sedimentologi-
cal and stratigraphic organization, which in turn provide
clues to such factors as hydraulic conductivity, and

1. is the method uscful for imaging the water table, and/or
contaminant plumes?

Three dimensional GPR modelling was also conducted at
the Stokes municipal gravel pit in Surrey, where there is good
control on the depth of the water table, and some control on
the stratigraphy in pit-wall exposures (Fig. 2).

Future experiments

High resolution reflection scismic experiments will be con-
ducted in 1994, co-ordinated by S. Pullen, Terrain Sciences
Division, following some of the transects in the GPR experi-
ments. The GPR, which generally images to a maximum
depth of 15-20 m, will compliment the dceper penctrating
seismic surveys. It is anticipated that some electromagnetic
experiments, co-ordinated by M. Best, Pacific Geoscience
Centre will also be conducted. Some stratigraphic drilling is
anticipated along certain transects to calibrate seismic, GPR
and existing well records.

Geochemistry

Water chemistry data are currently being assembled from
different external sources (c.g., Environment Canada) to de-
termine sample distribution and data integrity. The data will
be added to ARC/INFO® coverages. The primary aim is to
map broad compositional facies and establish base-line com-
position trends. A program has been initiated by G. Hall,
Mineral Resources Division that examines rare-earth ele-
ments for identifying sources of deep and shallow ground-
water. An analytical program for identifying possible natural
and anthropogenic hydrocarbons is also underway, coordi-
nated by L. Snowdon, Institute of Sedimentary and Petroleum

B.D. Ricketts and L.E. Jackson

Geology, Calgary. These ‘fingerprinting’ techniques will
help, in addition to the other hydrogeological/geophysical
methods, identify groundwater sources and flow paths.

PRELIMINARY SEDIMENTOLOGICAL
STUDIES

Exposures of Quaternary glaciogenic deposits over most of
the Fraser Valley are confined to some stream beds and gravel
pits. Preliminary investigations were made in an area of
Sumas Drift deposits known locally as the Brookswood aqui-
fer (Fig. 2), to provide the sedimentological criteria for inter-
preting GPR experiments.

The Sumas Drift was deposited during the late Fraser
Glaciation as outwash sand and gravel interfingering with
lodgement and flow tills and glaciolacustrine clay
(Armstrong, 1981, 1984; Armstrong and Hicock, 1980,
Halstead, 1986). Total thickness ranges from about 40 m, to
zero at erosional pinchout margins. It is underlain primarily
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Figure2. Map showing location of GPR transects and gravel
pits: 1. Stokes municipal pit, 2. Harmony Pit, 3. 192nd Street

pit.
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by glaciomarine clay and till of the Fort Langley Formation.
Similar stratigraphic and sedimentological associations occur
in the adjacent, but hydraulically unconnected Aldergrove
and Abbotsford aquifers (c.g., Clague and Luternauer, 1982).

Lithological records from water wells penetrating the
aquifer indicate a high degree of lateral and vertical strati-
graphic variability. The lithological heterogeneity typical of
the Sumas Drift (Armstrong, 1981; Halstead, 1957) is illus-
trated in two pit exposures (Fig. 2). In the ‘Stokes’ municipal
pit (Fig. 3) a lower unit (A) consists of south-southwest
dipping (5-8°), rippled sand foresets that interfinger with clay
layers and lenses, locally disrupted by small, synsedimentary
extensional faults. An important sedimentary association in
the sand-mud foresets is flaser and lenticular bedding. The
mud-sand foresets are typical of point bars, and with the ripple
bedforms suggesting a possible tidal influcnce in an estuarine
point bar setting. Planar and trough crossbedded sand and
gravelly sand (B) overlic unit A with up to 1.5 m erosional
relief. Pebbles average about 1 ¢cm, with a maximum of 4 cm.
Unit C consists of coarse pebble and cobble gravel, with
maximum clast size up to 15 cm. Foresets, 2 m thick, dip south

at 12-15° and locally are cut by cobble-filled channels and
sand lenses. Clay rip-ups are present locally. Both units B and
C are typical of braided stream deposits, the large foresets
representing transverse bars. The foresets correspond to the
dipping layers imaged by the GPR survey (Rae et al.,, 1994,
Fig. 6).

Steeply dipping, gravel and sand layers appear to be
common in other pit exposures, not only in the Brookswood
aquiter, but also the Abbotsford aquifer. Foresets up to 5 m
thick, dipping 20-25°, and overlain by crossbedded sand
1-2 m thick appear to be morc diagnostic of foreset-topset
organization in fan deltas (Fig. 4). Gravitational failure is
common 1n sandier foresets, usually expressed as small, rota-
tional listric or extensional faults. North to northwest-dipping
foresets in a second pit (Fig. 5), 2.5-3 m thick, arc made up
of alternating clay layers 10-20 cm thick and containing some
lenticular bedding, and sand layers up to a mietre thick.
Crossbeds in the sands are draped by clay veneers. Like the
point bar deposits in Stokes pit, there is a possibility of tidal
influence although the glaciofluvial influence seems to have
been greater. The diamicton overlying the foreset unit shows

N

_~Sandy loam

Water table exposed at
this level in pit floor

Lenticular and flaser
bedding in sand-mud
couplets

|

Figure 3. Sketch of exposure along the west wall of Stokes pit showing the tripartite stratigraphic
division and the position of the water table. This section is adjacent the grid used for 3-D GPR modelling

(Rae et al., 1994, Fig. 6).
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considerable internal disruption, having several plastically
deformed sandy layers and large clay rip-ups, suggesting a
possible flow-till formed during local ice advance.
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A digital database for groundwater data,
Fraser Valley, British Columbia

G.J. Woodsworth and Brian D. Ricketts
Cordilleran Division, Vancouver

Woodsworth, G.J. and Ricketts, B.D., 1994: A digital database for groundwater data, Fraser
Valley, British Columbia; in Current Research 1994-A; Geological Survey of Canada,
p. 207-210.

Abstract: We describe a flexible and expandable relational database that is being developed and used
in the Cordilleran Division for groundwater data. The database contains location, well details, and driller’s
logs for about 4000 wells in the Langley and Surrey regions of the Fraser Valley, British Columbia,

Résumé : Nous décrivons une base de données relationnelles, flexible et extensible, qui est actuellement
mise au point et exploitée par la Division de la Cordiilére pour gérer les données sur les eaux souterraines.
Cette base de données renferme les coordonnées de localisation, les détails sur les puits, et les journaux de
sondage d’environ 4 000 puits implantés dans les régions de Langley et de Surrey dans la vallée du Fraser
en Colombie-Britannique.
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INTRODUCTION

In 1993, the GSC began a study of the regional hydrogeologi-
cal framework of the Vancouver-Fraser Valley region of
southwestern British Columbia (Ricketts and Jackson, 1994).
A strategic part of this project is the preparation of a compre-
hensive database for the existing hydrogeological data for the
region. This note describes the preliminary design and struc-
ture of this database.

The initial study area includes the townships of Langley
and Surrey. Records for about 4000 water wells in this area
were made available in hard copy and on diskette in Word-
Perfect form by the Water Management Branch of the B.C.
Ministry of Environment, Lands and Parks. These records,
although convenient print-outs of the data, are not directly
suitable for use in GIS systems or structured databases. The
records have no well-defined structure, making complex
search-and-retrieval operations and cxport of comma-delim-
ited files difficult. NTS coordinates and latitudes and longi-
tudes arc absent, precluding efficient use of the data in a GIS
system.

The water well records were converted into dBase 4
format using a series of utility programs. UTM coordinates
were generated by digitizing locations from location maps
provided by the Water Management Branch. When com-
plete, the dBase files will be exported to ArcInfo format and
combined with digital elevation models, surface geology,
chemistry, and other data to form a comprehensive database.

DATABASE DESIGN AND STRUCTURE

The database uses a relational system of three dBase files.
This database is based on the CASP system for biostrati-
graphic data (Weston et al., 1991) which is successfully being
used in the Cordilleran Division of the GSC. The groundwa-
ter system is designed for flexibility and expendability and to
meet the guidelines suggested by the Federal-Provincial
Working Group on Groundwater (1991). Location informa-
tion is stored in one file (WELL_LOC.DBF); general infor-
mation about each well is in another (WELL_SUM.DBF);
and the driller’s logs, where available, are in a third
(WELL_LOG.DBF). The main advantages of this design
over a single "flat" file is that it is more efficient use of disk
space than a flat file, particularly in handling the driller’s logs;
it allows multiple wells at any locality; and it is very easy to
add new modules such as water chemistry. Each file is linked
to the others by one or more common fields. Brief descrip-
tions of these files follow.

The structures of the three files that constitute the database
system are outline below. Column headings are:

No. Field number

Name Field name
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FT Field type, where C=character; N=numeric; D=date;
M=memo

Len.  Field length, in characters

Dec. Number of decimals (numeric fields only)

File: WELL_LOC.DBF

This file contains detailed geographic data for each locality,
with one record per locality. Fields are available for "abso-
lute” locations using UTM coordinates, latitude and longi-
tude, elevation, and for 'cultural'" locations using street
address, township, and city or municipality. A memo field
allows for additional free-form data. The field LINK1 gives
a link between this file and the others; LINK1 is an integer
value that is unique to a given locality.

No. Name FT Len. Dec. Description

1 TRIM_MAP C 9 Digital TRIM map number

2 LINK1 N 5 0 Unique number for this
location (linking field)

3 LAND_DIST? C 3 Land district (numeric code)

4 LAND_DIST2 (o} 25 Land district (full name)

5 DRAIN_BASN C 25 Drainage basin

6 TOWNSHIP (o} 3 Township

7 SECTION C 3 Section

8 IND_RESERV (o} 4 Indian reserve

9 ISLAND C 20 Island name

10 OWNER_NAME C 36 Name of registered land
owner

1 STREET_ADD C 36 Street address of this
locality

12 CITY C 20 Gity name

13 UTM_ZONE N 11 0 UTM zone (1 or 2 digits)

14 UTM_EAST N 10 0 UTM easting (6 digits)

15 UTM_NORTH N 12 0 UTM northing (7 digits)

16 UTM_DATUM C 12 UTM datum used, such as
NAD 27

17 LAT_DEG N 0 Latitude, degrees

18 LAT_MIN N Latitude, minutes

19 LAT_SEC N 2 Latitude, seconds

20 LONG_DEG N 1 Longitude, degrees

21 LONG_MIN N 10 Longitude, minutes

22 LONG_SEC N 11 2 Longitude, seconds

23 LOC_ACCUR C 1 Code for precision or
accuracy of location

24 ELEVATION N 1 1 Elevation (metres)

25 ELEV_DATUM (o} 30 Datum used for elevation

26 ELEV_ACCUR (o} 1 Code for precision or
accuracy of elevation

27 LOC_VER C 1 Has location been verified
on ground?

28 LOCA_NOTE M 10 Remarks on location

Total record length: 357 characters



File: WELL SUM.DBF

This file contains details about the wells, using one record per
well; much of this data is taken directly from the Ministry of
Environment records. Fields 29-47 indicate the presence or
absence of specific data. A memo field allows for additional
free-form data that pertain to the well as a whole. The field
LINKT gives a link between this file and the others; LINK1
is an integer value that is unique to a given locality. The field
LINK?2 is an integer value unique for a given well; this field
links to other files lower in the hicrarchy.

No. Name FT Len. Dec. Description
1 WELL_NUMB C 20 MOE well number
LINK1 C Locality linking field
LINK2 G 5 Unique number for this well

(linking field)

4 DEPTH_TOTA N 6 1 Total depth of the well

5 FEET_METRE G 1 Units of measure for hole depth
(M=metres, F=feet)

6 ORIG_UNITS o] 1 Original units of measure
(M=metres; F=feet)

7 HOLE_ANGLE N 2 Angie of the hole; O = vertical

8 HOLE_AZIM N 3 Azimuth of hole, if not vertical, in
degrees

9 PROJECT C 36 Project name, for wells that are
part of a Iarger}program

10 CONTRACTOR G 36 Name of driliing contractor

1 CONST_DATE D 8 Date of well construction

12 CONST_METH C 20 Construction method (e.g., rotary)

13 DRILLFLUID C 2 Drilling fluid used, if any (2-letter
code)

14 CASING_MAT C 2 Casing material (2-letter code)

15 HOLE_DIAM N 4 1 Hole diameter {cm)

16 M_WATER N 5 1 Depth to water (metres)

17 M_WATERTAB N 5 1 Depth to water table (metres)

18 M_STATLEVL N 5 1 Static level (metres)

19 M_BEDROCK N 5 1 Depth to bedrock (metres)

20 ARTES_FLOW N 10 1 Aresian flow (litres/second)

21 WELL_YIELD N i0 1 Well yield (litres/second)

22 SCREEN_FRM N 5 1 Screened from (metres)

23 SCREEN_TO N 5 1 Screened to (metres)

24 OTH_SCREEN C 1 Other screens (Y, N)

25 SLOT_SIZE C 3 1 Slot size (cm)

26 AQUIF_LITH C 20 Aquifer lithology

27 WELL_USE o] 20 Well use

28 WATER_UTIL G 20
Each of the fields below indicates if this data was collected or not (Y, N)
29 PUMP_TEST C 1
30 GRWAT_REPT o]
31 SIEVE_ANAL C
32 FILTER_PAK C
33 SCREEN_DET C

Water use

Pump test

1 Groundwater report
1 Sieve analysis
1 Filter pack

—_

Screen details

G.J. Woodsworth and B.D. Ricketts

No. Name FT Len. Dec. Description

34 CHEM_LAB C 1 Water chemistry {laboratory)
35 CHEM_FIELD C 1 Water chemistry (field)

36 CHEM_SITE C 1 Water chemistry (site)

37 OTHR_TEST o] 20 Other tests

38 PIEZOMETER C 1 Piezometer data

39 DRILLERLOG o] 1 Driller's log

40 LITHOL_LOG C 1 Lithological log

41 GAMMA_LOG o] 1 Gamma log

42 RESIST_LOG C 1 Resistivity log

43 SP_LOG G 1 Self-potential log

44 GTHERM_LOG o] 1 Geothermal log

45 GCHEMI_LOG C 1 Geochemical log

46 CALIPR_LOG G 1 Galliper log

47 TIME_LOG C 1 Drilling time log

48 DATA_SOURC C 128 Sources of data

49 WELL_NOTE M 10 Other remarks on this hole

Total record length: 461 characters

File: WELL _1L.OG.DBF

This file contains the driller’s log, if any, using one record per
each interval described by the drillers. This data is taken
directly from the Ministry of Environment records, without
any interpretation and only minor clean-up of spelling and
formatting. A memo field allows for additional free-form
data that pertain to this interval. The fields LINK1 and
LINK?2 are as described above. The field LINK3 is an integer
value unique to each record in the file and allows for links to
future modules in the databasc system.

No. Name FT Len. Dec. Description
1 WELL_NUMB [¢] 20 MOE well number
LINK1 C 5 Locality linking field
LINK2 C 5 Unique number for this well
{linking field)
4  LINK3 G 5 Unique number for this depth
interval
5 DEPTH_FROM N 5 1 Starting depth for this interval
(metres)
6 DEPTH_TO N 5 1 Ending depth for this interval
{metres)
7 LITHOL C 48 Lithology (from driller's log)
8 H20_BEARNG C 1 Water-bearing (Y, N)
9 MATERIAL C 48 Material (from driller's log)
10 DESCRIPT C 48 Description {from driller's log)
11 COLOUR C 12 Golour (from driller’s log)
12 GCORING (¢} 1 Coring done?
13  LOG_NOTE M 10 Notes on the driller’s log for
this interval

Total record length: 213 characters
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Ground-penetrating radar survey of the
Brookswood aquifer, Fraser Valley,
British Columbia

Jane Rea!, Rosemary Knight', and Brian D. Ricketts
Cordilleran Division, Vancouver

Rea,J.,Knight,R., and Ricketts, B.D., 1994: Ground-penetrating radar survey of the Brookswood
aquifer, Fraser Valley, British Columbia; in Current Research 1994-A; Geological Survey of
Canada, p. 211-216.

Abstract: A ground penetrating radar (GPR) study has been conducted over the Brookswood aquifer in
the Fraser Valley, southwestern British Columbia. Twelve kilometres of data were collected to assess the
usefulness of GPR as a means of characterizing the stratigraphic architecture of the Brookswood aquifer.
Existing well data in the area are compared with the GPR results. Over most of the study area, the signal
penetration depth was 10 to 20 m. Strong reflections are visible from the water table and from lithological
contacts identified from well data. Smaller scale reflections provide information about the spatial
heterogeneity within stratigraphic units (e.g., large scale crossbedding). One three-dimensional survey
(50 m x 25 m) was conducted and the data displayed using 3-D visualization techniques. The 3-D data set
is a useful means of illustrating the geometry of sedimentary structures and potential anisotropy in aquifers.

Résumé : Un levé par géoradar a été réalisé au-dessus de 1'aquifére de Brookswood dans 1a valiée du
Fraser, dans le sud-ouest de la Colombie-Britannique. Des données ont été recucillies sur douze kilométres
pour évaluer 1'utilit¢ du géoradar pour caractériser 1'architecture stratigraphique de 1’aquitére de
Brookswood. Les données de puits actuclles sont comparées aux données géoradar. Sur la majeure partie
de la région a1’étude, la protondeur de pénétration du signal a vari¢ de 10 3 20 m. De fortes réflexions sont
visibles au niveau de la surface de la nappe d’eau souterraine ct au niveau de contacts lithologiques reconnus
dans les données de puits. Des réflexions & plus petite échelle renseignent sur ’hétérogénéité spatiale au
sein des unités stratigraphiques (p. ex. stratification oblique & grande échelle). Un levé tridimensionnel
(50 m x 25 m) a été réalisé¢ et les données ont été visualisées en trois dimensions. Ces données
tridimensionnelles constituent un moyen utile d’illustrer la géométric des structurcs sédimentaires et
I’anisotropie potentielle dans les aquifcres.

: Dcpartment of Geophysics and Astronomy, University of British Columbia, Vancouver, British Columbia V6T I W5
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INTRODUCTION

Analysis of the regional stratigraphic framework of aquifers,
groundwater flow, discharge, and recharge in the Vancouver
lower mainland-Fraser Valley region, is onc of two hydro-
geology projects initiated in 1993 by the Geological Survey
of Canada, (see Ricketts and Jackson, 1994; Woodsworth and
Ricketts, 1994). Ground penetrating radar (GPR) is being
used as an integral part of this study to determine the archi-
tecture of unconfined aquifers in the Surrey and Langley
townships (Fig. 1). Imaging of the water table along the
transects will also provide constraints for regional mapping
of this potentiometric surface.

Ground penetrating radar is a geophysical technique
idecally suited for shallow hydrogeological applications.
Emitted clectromagnetic waves are reflected at the boundary
betwecn two materials with different diclectric constants.
Because most stratigraphic units have different dielectric
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Figure 1. Location map of radar survey, also showing the
outline of Brookswood aquifer (from Armstrong and Hicock,
1980).
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constants, a GPR survey can be used to image near-surface
stratigraphy. The dielectric constant of water (80) is much
higher than that of air and most ecarth materials. This contrast
can produce a strong reflection from the water table in GPR
surveys. For an in-depth discussion of GPR principles and
methods, refer to Davis and Annan (1989).

An important consideration in conducting a GPR survey
is the depth to which the subsurface can be imaged. Depth of
penetration is dependent upon the materials through which
the electromagnetic waves travel. In aquifers consisting of
sand and gravel the depth of penetration is commonly 10-
25 m. Conductive materials, such as clays or saline ground-
water, dissipate the electromagnetic energy and severely
attenuate the reflected signal. However, attenuation of the
radar signal can be used to advantage, for exampie to locatc
units of high clay content, salt water intrusion, or contami-
nated groundwater plumes.

SURVEY LOCATION

The Brookswood aquifer is an unconfined aquifer covering
an area of about 35 km?, that straddles the Surrey-Langley
municipality boundary (Fig. 1). It is a component of the
Sumas Drift, deposited during the late Fraser Glaciation as
outwash sand and gravel, with interfingering lodgement and
flow tills, and glaciolacustrine clay (Armstrong, 1981, 1984;
Halstead, 1986). Total aquifer thickness ranges from about
40 m, to zero at erosional pinchout margins. Correlative out-
wash ‘fans’ in Fraser Valley include the Abbotsford and
Aldergrove aquifers.

The primary objective of the survey was to determine
whether the subsurface stratigraphy could be mapped with
GPR to help constrain the factors governing groundwater
flow. A total of 12 km of radar data were collected and
calibrated with lithological and static water level data from
nearby wells; water table levels were used only from wells
penetrating and- producing from the Brookswood aquifer.
The GPR survey includes one 3-D survey to examine local
sedimentological complexities in greater detail.

DESCRIPTION OF EQUIPMENT AND
DATA ACQUISITION PROCEDURE

The radar data were obtained using a PulseEKKO IV ground
penetrating radar unit with 100 MHz antennas. The unit
consists of:

1. atransmitting antenna and its electronics,
2. areceiving antenna and its electronics,

3. acontrol box; and

4. a portable computer (386, 20MHz)

Two types of surveys are carried out in GPR: reflection
surveys, and common mid-point surveys (CMPs). Reflection
surveys provide a profile of the subsurface. Common mid-
point surveys are used to determine the velocity of the



electromagnetic waves in the subsurface and are a means of
converting the time plot provided by a reflection survey to a
more useful depth plot.

A reflection survey is carried out with the antennas paral-
lel to one another, a fixed distance apart. A sounding is taken,
and the antennas are then moved to the next station. The
distance between stations is usually between 0.25 m and
2.0 m. The choice of station spacing depends on the desired
resolution of the features in the subsurface, with closer station
spacing producing radar images of higher resolution.

A short line was surveyed at three different station spac-
ings (0.25, 0.5, and 1.0 m) to determine the appropriate station
spacing to be used over the present study area (Fig. 2). It is
clear that the resolution of dipping reflectors improves with
decreasing station spacing. At 1 m spacing very little structure
is visible except for a horizontal reflector at 0.1 ps. In com-
parison, the 0.25 m spacing profile shows many more reflec-
tors including what appears to be crossbedding between 15
and 30 m on the horizontal scale at a reflection time of 0.15
to 0.20 ps. A station spacing of 0.5 m was selected as a
compromise between resolution and time required for data
acquisition.

Detailed resolution cannot be achieved in areas of high
clay content where limited penetration precludes the detec-
tion of any subsurface structure (e.g., till or glaciolacustrine
deposits). Where it is important to determine the extent of
such clay bodies, because of their potential influence on
groundwater flow, station spacing was increased to 1 m.

The spacing between the receiver and transmitter is deter-
mined at the beginning of a reflection survey. Antennas must
not be so close together that there is an electronic saturation
of the receiver, and not so far apart that near surface events
are distorted by normal moveout. The antenna separation
required to avoid saturation depends upon the type of material
in the subsurface. In this survey, the most favourable antenna
separation was found to be 0.6 m. The antennas must be kept
atleast S m from the computer to avoid electrical interference.

A common mid-point survey is conducted by placing the
antennas approximately 20 cm apart on either side of a fixed
centre point. A sounding is taken and the antennas are moved
apart in equal steps, a sounding being taken at each step. The
results of this type of survey can be analyzed to determine the
velocities of different layers in the subsurface.

The radar unit time window (the length of time the
receiver "listens' for reflected energy) was set to 512 ns; for
longer times the signal-to-noise ratio becomes too low for
reliable data interpretation. The PulseEKKO radar unit stacks
the response from multiple transmitter signals in order to
increase the signal-to-noise ratio. It has been found that a
stack of 64 is optimal.

Most lines were collected on the gravel shoulder of roads
crossing the aquifer. Where the shoulder was paved, signal
penetration was decreased. Where possible, quiet side streets
were chosen to minimize traffic and other cultural noise
(underground pipes, etc.).

J.Reaetal.

DATA PROCESSING

Processing of the ground penetrating radar data is carried out
on a Sun work-station using a seismic processing package
developed by Inverse Theory and Applications (ITA). The
following steps are routinely followed during processing:

1. Data transfer: Data from the laptop computer are
converted to SEG-Y format (a standard geophysical data
format) and transferred to a Sun work-station.
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Figure 2. Three radar surveys over the same line with three
different station spacings: 0.25 m, 0.5 m, and 1.0 m, showing
improvement in resolution with closer spacing.
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2. Time zero correction: The time at which the first signal
from the transmitter reaches the recciver antenna, is
designated as "time-zero''. The time zero point may occur
at a different time from trace to trace due to warming of
the electronics or other noise factors. This drift must be
corrected so that the first arrivals seen in the data occur at
the same time.

3. Median filtering: The data must be filtered to remove any
dc offset or signal "wow". The wow is a distorting effect
caused by saturation of the electronics.

4. Gain: An automatic gain control gain is applied to the data
to enhance reflections of lower amplitude. This gain
operates by amplifying the signal within a given window
to its maximum value.

5. Bandpass filtering: A bandpass filter with corner
frequencies of 10, 15, 185, and 200 MHz is applied to the
data to reject some of the high frequency noise and
produce a cleaner signal.

6. Velocity calculations: Common mid-point surveys
(CMPs) are collected at regular intervals along the survey
lines. Velocity calculations completed to date show some
variation in velocity, from 0.1 to 0.06 n/ns. This
corresponds to dielectric constants between 10 and 25,
consistent with materials from saturated silt to saturated
sand.

7. Migration: The data are migrated in order to collapse any
diffraction patterns and move dipping reflectors to their
truc subsurface locations. Velocitics obtained from
common mid-point surveys are used in the migration
routines.

RESULTS

Two dimensional sections

Figure 1 shows the transects used for data collection. A
continuous north-south line provides a nearly complete
cross-section of the aquifer. A series of shorter east-west
transects were collected in the southern half of the aquifer.
The northern section of the aquifer is more densely populated
and cultural noise precludes data collection in this area.
Several lines have also been collected on outlying segments
of the main Brookswood aquifer in an attempt to determine
whether the stratigraphic architecture of these segments differ
from those of the main aquifer.

Imaging stratigraphy

Initial correlation was carried out along two transects on the
eastern side of the Brookswood aquifer. The transect along
24th Avenue east from 208th Street is shown in Figure 3
combined with data from nearby wells. The maximum depth
of penetration is about 20 m. The first two strong continuous
reflectors correspond to the air and ground arrivals and con-
tain no useful information, however there is a lot of detail
visible in the region below 1.5 m. At the beginning of the

J. Reaetal.

profile (0 m) there is a strong reflection at a depth of 16 m.
This correlates with data from well 19 which indicates a
transition from gravel and clay to till. Beginning at 370 m,
and continuing to 460 m along the profile, there is a distinct
decrease in penetration depth corresponding to the presence
of a clay lens, which is also recorded in wells 23 and 25.
Channel structures are also imaged between 200 m and 300 m
horizontal distance, at about 8-10 m depth.

The north-south transect along 208th Street (just south of
24th Avenue; Fig. 4) shows clearly the aquifer pinching out,
or onlapping a clay-rich unit; penetration decreases to 2 m at
the end of the profile (460 m). The presence of a pinchout in
this area is confirmed by data from well 5. Also notable are
the large foresets that dip into the clay-till confining unit.

Determining the depth to the water table

A strong reflection from the water table is clearly visible in
many of the sections obtained. An example is shown in
Figure 3. There is a strong, continuous reflector at a depth of
3 m at a horizontal distance of about 420 to 570 m along the
profile. Correlation with well 22 indicates that this reflector
corresponds to the water table; the data from welils 23 and 25
are ambiguous.

In Figure 5 data collected along the top of the Stokes
gravel pit, about 3 to 3.5 m above the exposed water table,
show a discontinuous reflector corresponding to a similar
depth. The quality of the data here is lower than that collected
from the roadside surveys, possibly due to the proximity to
the cliff face and the heavy vegetation cover along the cliff
top. Discontinuities in the reflector may be a result of inter-
ference from diffraction patterns or observed, large scale
foresets crosscutting the water table.
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Figure 5. Radar survey in the Surrey municipal gravel pit
showing possible reflection from the water table between 3
and 4 m depth.
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Preliminary studies of currents on Sturgeon Bank,
Fraser River delta, British Columbia

Tracey D. Feeney!
Cordilleran Division

Feeney, T.D., 1994: Preliminary studies of currents on Sturgeon Bank, Fraser River delta, British
Columbia; in Current Research 1994-A; Geological Survey of Canada, p. 217-224.

Abstract: Current velocity and directional data are critical to the study of sediment movement on the
intertidal area of Sturgeon Bank. Data collected using InterOcean S4 current meters for one month at five
stations show that currents on the bank are highly variable in both speed and direction. In general, flow is
bidirectional with flooding currents on the outer bank (seaward) having higher average velocities, while
currents on the inner bank (shoreward) show no preferred orientation or peak velocity measurements.
Current meters deployed adjacent to coastal structures or tidal channels reveal data which reflect these
interferences. Measuring physical processes in this environment is a difficult task and rarely attempted but
this valuable information can assist in the analysis of sediment dynamics in an important part of the deltaic
environment.

Résumé : Les données sur la vitesse et ]a direction des courants sont d’une importance cruciale pour
I’étude des mouvements de sédiments dans la zone intertidale du banc Sturgeon. Les données recueillies
par courantométre /nterOcean S4 pendant un mois a cinq stations indiquent que les courants sur le banc
sont trés variables en vitesse et en direction. En général, 1’écoulement est bidirectionnel mais les courants
de flot sur la partie externe du banc (vers le large) présentent des vitesses moyennes plus élevées tandis que
les courants sur la partie interne du banc (vers le continent) n’indiquent aucune orientation préférentielle ni
vitesse de pointe. Les courantométres déployés prés des ouvrages cétiers ou des chenaux de marée
produisent des données qui reflétent ces interférences. La mesure des processus physiques dans cet
environnement est une tiche difficile qui a rarement été mise a 1’essai, mais ces informations valables
peuvent aider a analyser la dynamique des mouvements de sédiments dans une partie importante du milieu
deltaique.

! Department of Oceanography, University of British Columbia, 6270 University Boulevard, Vancouver,
British Columbia V6T 1Z4
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measured the amount of sediment in suspension at each
velocity and thus provided the volume of sediment eroded
from the bottom. See Amos et al. (1992) for adetailed process
description. Sea Carousel results include values for the criti-
cal threshold for erosion and deposition. This study attempts
to determine the real current velocities on Sturgeon Bank so
that the Sea Carousel results can be calibrated.

CURRENT VELOCITY

Current velocity acquisition

In order to determine current properties on the bank, six
InterOcean S4 current meters were deployed at the Sea Carousel
stations for one month, (locations on Fig. 2) using the Canadian
Coast Guard hovercraft. Station 4 was occupied for two
months. S4 current meters are an excellent tool for analyzing
currents in shallow water because they allow the effects of
waves to be filtered out upon processing so that only tidal
effects may be seen.

The current meters were cahbrated in the laboratory for
salinity, temperature, direction, and velocity. They were also
cold temperature tested to ensure they would continue data
collection if temperatures on the bank decreased. Aluminum
poles, 1-1.5 m in length, were screwed into the base of the
current meter and then shoved, by hand, into the sediments.
A plexiglass plate was placed on the rod 30 cm below the base
of the current meter to ensure that it did not sink further into
the sediments over the month of deployment. The electrodes
were wiped down with ethanol prior to leaving the site and
then care was taken not to splash them with the hovercraft as
it moved away. Each current meter was programmed to
sample cvery 1.5 seconds for speed and direction of currents.
After 10 data entries (15 scconds) an additional line of infor-
mation including conductivity, temperature, density, salinity,
the speed of sound and in some cases the depth and tilt angle
of the instrument, were recorded. This data was only
recorded every 15 seconds to preserve more memory in the
internal S4 computer for current velocity and direction meas-
urements. This procedure was repeated 3 more times (a total
of 1 minute) after which the instrument shut itself off for the
following 59 minutes. On the next hour, the S4 would ""wake
up'" and begin sampling again at arate of 1.5 seconds for one
more minute, recording additional data at the end of every
15 seconds. This continued from May 7, 1993 at 14:00 to
June 3, 1993 at 08:00 (PST). After one month the current
meters were removed, the data was extracted and the current
meter re-initialized so that it could be redeployed at the other
stations. The data collected during the second month of this
survey will not be examined this paper. The first months’ data
was carefully analyzed to determine when the tide was at a
sufficient height to cover the electrodes on the current meter.
This was possible because the current meter deployed at
station 4 was equipped with a pressure sensor to measure
depth of inundation. The depths at station 4 acted as a guide
to determine the times when current meters at the other
stations were inundated. Data from station 4 was not used
unless a depth of 0.5 m was recorded which ensured that the
electrodes collecting the measurements were sufficiently in

T.D. Feeney

the water. Data collected at station 6 and 12, was not used
unless a depth of 0.1 m was being recorded at station 4. For
station 2 and 14, data was not used unless a depth of 1 m was
being recorded at station 4. Conductivity measurements
assisted in the determination of S4 exposure or inundation.
Ignoring the first hour of data collected with good conductiv-
ity measurements and keeping the data collected one hour
after this ensured that no questionable data was included.
This procedure was closely followed but rare exceptions were
made as it seemed that tides did not rise and fall at the same
rate at different stations.

Data presentation

Current directional data for stations 2, 4, 6, 12, and 14 were
divided into 10° increments and plotted as frequency of occur-
rence in Figures 3-7. Both arose diagram and frequency histo-
gram were produced for ease in data visualization. The
population of the data used in the generation is given in the
legend. Data collected from current meters situated on the inner
tidal flat will have a smaller population because of the shorter
period of inundation. The maximum percentage in one 10° class
interval is given in the legend and the mean percentage is based
on the percentage values in each petal or cell. Standard statistics
of deviation and trend were calculated using methods of Davis
(1986). A confidence interval of 95% was used throughout the
calculations. It should be noted that R-mag, the resultant of the
vector mean standardized to range between O and 1, is useful for
unidirectional flow but when flow is bidirectional or multidirec-
tional, as it is under the influence of waves and tides, the use of
R-mag becomes limited.

After the data had been divided into 10° class intervals,
their associated velocities were averaged and plotted on
Figures 3 to 7. Although rose diagrams are an excellent way
of representing current direction, they provide no information
on the magnitude of the current speeds related to these orien-
tations. Including another variable in rose plots was consid-
ered difficult to visualize. Plotting a frequency histogram
below a velocity graph shows the current velocities associated
with their directions. It should be noted that current velocities
for each class interval may exceed or fall below mean veloci-
ties to a large extent. Currents generated by waves may have
single velocities several times that of the mean. In terms of
sediment dynamics, average velocity values may not be a
useful variable to measure because sediment transport utilizes
velocities over a certain threshold.

RESULTS

Current plots for station 2 show no strongly preferred orien-
tation for currents (Fig. 3). This station is close to the shore-
ward edge of the bank, a place tides reach infrequently. It s,
therefore, not surprising to find current directions quite scat-
tered, probably reflecting very low net sediment movement
in this area. Average current velocities at this station are
consistent with direction results. Velocities show no distinct
increase or decrease in any preferred orientation and velocities
in all directions average 6 cm/s.
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Figure 3. Current speed and frequency of flow direction over 10° intervals for
station 2. Horizontal bars in the current speed profile indicate the class interval in
which the data was averaged. Statistics were calculated using methods by Davis
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Figure 4. Current speed and frequency of flow direction over 10° intervals for
station 4. Horizontal bars in the current speed profile indicate the class interval in

which the data was averaged.

220



Data from station 4 shows marked trends in both current
velocity and direction as is expected from a station in the
middle of the bank. The strong bidirectional flood and ebb
tidal directions can be seen in the rose diagram with the
frequency of ebb directions being slightly higher than those
of the flood directions (Fig. 4). The frequency histogram and
the average current velocity profile are used to demonstrate
the higher current velocities associated with the flood tide.
Worth noting is the sharp peak in velocity in the flood
direction, 22 cm/s, versus the lower, more broad peak in the
ebb direction, approximately 18 cm/s (i.e. the flood tide is
more focused in one direction than the ebb). The net direction
is seaward and the flows are oriented at approximately 50°
and 230° for the flood and ebb tide, respectively.

In contrast, station 6 direction measurements show bidi-
rectional tidal type flow with dominant flow directions
approximately 90° for the flood and 250° for the ebb (Fig. 5).
The net direction of flow is shoreward. Current velocity
measurements are highest here because this station is located
at the outer edge of the bank. Average velocities reach 23-
24 cm/s on both the flood and ebb tide and maintain velocities
over 12 cm/s throughout most of the tidal cycle.

Station 12 results are similar to those at station 6 with the
exception of a dominant southward flow being present
(Fig. 6). The bidirectional tidal influences are recognizable
but a substantial amount of flow heads south toward the
Steveston jetty. Current velocities measured here are lower
than at station 6, but are similar in that two peaks in the flood
and ebb directions and be seen. Like station 4, the flood
velocity peak is slightly higher (18 cm/s) with a more focused
orientation than the ebb velocity peak (14 cm/s).

T.D. Feeney

Results from station 14 show net current directions shore-
ward with very little contribution in the ebb tidal direction
(Fig. 7). There is a reasonable amount of scattering which,
like station 2, is not surprising due to the position of station
14 on the bank. Velocity measurements at station 14, how-
ever, are almost twice as high in the seaward direction as they
are in the shoreward direction. Peaks of 15 cnv/s for the ebb
tide versus 7-10 cm/s for the flood tide were found.

DISCUSSION

Directional information for stations 2, 4, 6, 12, and 14 indicate
that flow on Sturgeon Bank is variable (summarized on
Fig. 8). Stations on the eastern edge (shoreward) of the bank
(2 and 14) show large scattering in directional data and low
and essentially constant velocities through the range of direc-
tions. One minor exception is the high velocity in the seaward
direction at station 14. Because the frequency of flow in this
direction is low, these speeds must only be reached for short
times during the tidal cycle. Station 14 is adjacent to the
middle arm of the Fraser River, the flow of which, although
only 5% of the total Fraser River flow, must be substantial at
low tides to produce these large current velocities.

Net current directions on the middle and outer bank
stations demonstrate a strong bidirectional component of
flow due to the tides, however these directions vary from
station to station. Station 4 demonstrates bidirectional flow
in a northeast/southwest direction, where as both station 6
and station 12 exhibit east/west flow directions normal to the
edge of the bank. Station 12 has an additional component of
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Figure 5. Current speed and frequency of flow direction over 10° intervals for
station 6. Horizontal bars in the current speed profile indicate the class interval in

which the data was averaged.
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Figure8. Summary of flow directions on Sturgeon Bank using
rose diagrams from stations 2,4, 6, 12, and 14. Frequency
scales have been removed for ease in visualization.

flow to the south which has not yet been explained. The data
alsoreveals atrend of higher velocities in the northern portion
of the bank. This observation is not well defined and will need
the support data from the stations not yet analyzed to confirm
this hypothesis. It should be noted that the vector mean is not
an absolute current direction. From the rose diagrams, the
dominant direction of flow can be seen and minor variations
in flow direction can change the position of the vector mean
considerably. The analysis of surface currents at the seaward
edge of Sturgeon Bank conclude that currents flow north at
2.6t0 5.1 cm/s and that currents below the surface range from
1.5 to 5.1 cm/s (Giovando and Tabata, 1970; Tabata et al.,
1971). These results are not consistent with the results ob-
tained from this survey where average velocities at the edge
of the bank are commonly three times higher than those
observed in the previous study. Current meters used in this
study measured currents 50 cm from the seabed surface rather
than the sea surface, so the results of the two studies can not
be directly compared.

T.D. Feeney

Data from stations 1, 3, 5, 11, 13, and the second deploy-
ment of station 4 has not yet been analyzed and may contrib-
ute additional information to these initial studies. Time series
plots of salinity, and temperature measurements would also
provide data useful in understanding the physical processes
on Sturgeon Bank.

CONCLUSIONS

Studying the physical processes on an intertidal flat has rarely
been attempted because of the many outside variables that
evolve when trying to analyze the data. Coastal structures,
channel migration, and exposure time all make analyzing the
effects of waves, tides, and river runoff on intertidal deltas a
difficult task. InterOcean S4 current meters are a useful tool
for determining the net current directions and their magnitude
of flow. Current meter studies on Sturgeon Bank, to date,
imply variable conditions throughout the bank thus making
extrapolation across the bank difficult. Current measure-
ments determined are therefore only useful within short
distances from where they were taken.

In general, current flow directions on Sturgeon Bank are
bidirectional with a dominant increase in velocity for the
flooding tide and possibly higher velocities in the northern
portion of the bank. The flooding tide also shows less random
orientations in its net current direction. This is only one step
in determining the flow characteristics on Sturgeon Bank, but
the information is valuable because this type of study has not
previously been attempted. In situ suspended sediment con-
centrations across the bank as well as an accurate topographic
map of the bank are additional tools that will enable us to
calibrate the results of the Sea Carousel model to determine
the stability of Sturgeon Bank, its sediment budget, and the
pathways of sediment on its surface.
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Two centimetre-level Global Positioning System
surveys of intertidal habitat, Fraser River delta,
British Columbia

Jennifer A. Aitken! and Tracey D. Feeney!
Cordilleran Division

Aitken, J.A. and Feeney, T.D., 1994: Two centimetre-level Global Positioning System surveys of
intertidal habitat, Fraser River delta, British Columbia; in Current Research 1994-A; Geological
Survey of Canada, p. 225-230.

Abstract: The purpose of this study was to establish a highly accurate surveying method suited to delta
habitats. A four day survey in the lower Fraser River delta employed Global Positioning System (GPS)
survey techniques and Canadian Coast Guard Search and Rescue hovercraft. The survey was conducted in
two parts: elevation data were obtained in twelve transects between Iona and Steveston jetties and a survey
in Ladner Marsh used GPS positions to reference vegetation samples. The post processed GPS positions
are accurate to 10 cm or less in three dimensions. This approach is suited for surveying intertidal arcas
which are difficult to access and are not represented on bathymetric and topographic maps in detail.

Résumé : Cette étude a pour objet d’¢laborer une méthode de levé trés précise adapté aux habitats situés
dans les deltas. Pour un Ievé de quatre jours dans le delta du bas Fraser (Colombie-Britannique), on a eu
recours a des techniques faisant appel au systéme de positionnement global (SPG) et 4 un aéroglisseur de
recherche et de sauvetage de la Garde cotiére canadienne. Le levé a été réalisé en deux partics : les données
sur I’altitude ont été obtenues suivant douze profils entre les digues d’lona ct de Steveston, et un levé a été
réalisé dans le marais Ladner en employant les positions établies par SPG pour localiser les points de
prélévement d’échantillons de végétation. Les positions établies par SPG, suite & un traitement des données,
sont exactes a plus ou moins 10 cm dans les trois dimensions. Cette méthode est adaptée a la réalisaton de
levés dans les zones intertidales qui sont difficiles d’accés et qui ne sont pas représentées en détail sur les
cartes bathymétriques et topographiques.

: Department of Oceanography, University of British Columbia, 6270 University Boulevard, Vancouver,
British Columbia V6T 1Z4
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INTRODUCTION

The study of sediment dynamics and its effect on beach
morphology is a difficult one. Large intertidal arcas are
relatively unstudied because of the short window of access
between successive tides, coupled with inhospitable working
conditions including waist deep mud and densely packed
marsh vegetation. Intertidal flats may form as a result of delta
progradation and in these cases river flow as well as the
physical processes such as waves and tides will effect the
sediment dynamics. Rivers may also serve as source of
pollutants that can be deposited on tidal flats.

An approach 1s needed to cover large, difficult to access
areas in a short time with a high degree of precision. The
resulting positions can be used to map and monitor changes
in elevation, sediment volume, to reference ground truth
observations, and as input for digital terrain models (Morton
and Leach, 1993). Mapping and monitoring have been lim-
ited to airphoto and discrete ground sampling. These tech-
niques are time consuming and expensive, are often spatially
inaccurate, and subject to human interpretation.

A full overview of the Global Positioning System is
beyond the scope of this paper, and the reader 1s referred to
Leick (1990) or Wellset al. (1987). Morton and Leach (1993)
provided an introduction for a kinematic GPS survey of beach
sediments. This paper focuses on a GPS survey conducted
July 30-August 2 (corresponding to day of year 211-214) of
Sturgeon Bank and the Ladner Marsh Estuary (Fig. 1).

STURGEON BANK STUDY AREA

The intertidal areas of Sturgeon Bank and Roberts Bank on
the Fraser River delta (Fig. 1) protect a highly productive
marsh on the landward edge and are important habitats for
fish and waterfowl. Sturgeon Bank was chosen as the pri-
mary focus for this study because it has been the site of
sewage discharge and because of concerns with the stability
of the western delta front (Luternauer, 1980; Medley, 1978;
Medley and Luternauer, 1976). The Iona sewage treatment
plant discharged Vancouver’s sewage directly onto Sturgeon
Bank until 1987, when the outfall was moved to 100 m depth
on the delta slope. Sturgeon Bank extends 13 km from the
North Arm jetty in the north to the Steveston jetty in the south
and is 6 km widc on average (Hoos and Packman, 1974). The
marsh accounts for approximately 8% of the area; sand and
mud flats account for the remaining area. Shallow tidal
channels and large scale bedforms are present throughout the
bank (Medley and Luternauer, 1976). Documenting the short
term changes in morphology will demonstrate the extent of
channel migration across the tidal flats as well as the migra-
tion of polluted sediments. Long term monitoring of morpho-
logical changes show whether the bank is stable. The
livelihood of the marsh is dependent on these changes. Long
term morphological changes may also assist in assessing the
outcome of sea level rise due to global warming.
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Attempts have been made in the past to map the morphol-
ogy of the intertidal areas on the Fraser River delta (Medley
and Luternauer, 1976). Aeral photography was used to map
the incoming tide as a contour line (Tupper, 1977). Although
effective to date, aircraft costs to fly for an entire incoming
tide make this a prohibitively expensive procedure. In addi-
tion, the time needed to complete successive flight lines
allows the tide to move substantial distances so the resultant
contour lines are never stationary. Ground-truthing the pre-
cise depth of these contours is also difficult because winds on
or off shore will shift their position. Additional problems
include the scarcity of extreme low tides, the occurrence of
winter extreme low tides at night and the need for a clear day
with little wind. The largest source of error in this method is
the determination of the position of the tidal line by human
interpretation. Sections of the tidal flats remain wet-looking
all the time and the exact position of the tidal line often is
ambiguous. Although a topographic map of Sturgeon bank
was produced using this method (Tupper, 1977), the repeat-
ability of this study is limited because of the many conditions
which must be satisfied for successful contouring and the
ambiguity in line positioning. Traditional surveying tech-
niques have also been employed with some success but the
size of Sturgeon Bank also limits this method. Shore-parallel
transects 9 km long (the distance between the Iona and
Steveston jetties) would be impossible to complete in the
short time the tide is out, whereas shore-normal transects must
pass through a muddy bank where it is not unusual to sink
above the knees.

The survey method of this study is not weather dependent,
is not ambiguous and can be repeated at any time for moni-
toring changes in bank morphology. The Canadian Coast
Guard hovercraft was used for this study because of its
proximity to the delta and its manoeuvrability on both the
water and land. The GPS survey technique provides highly
accurate three-dimensional positions at a rapid data rate (one
position per second). This technique allows monitoring of
changes over time to determine arcas of erosion, deposition
and sediment migration. The position information can be
directly incorporated into a GIS (Geographical Information
System) to create one dimensional profiles, a two-dimen-
sional contour map and a three-dimensional perspective.

GPS METHOD

Differential GPS involves the use of two receivers collecting
data simultaneously; one receiver over a known reference
point and one receiver on an unknown point (static) or on a
moving platform (kinematic). The GPS solution is affected
by error in the satellite orbits, satellite clocks, receiver clocks,
and deliberate signal degradation by the U.S. Department of
Defense (Selective Availability, or SA) (Wells et al., 1987).
When the reference receiver is over a known reference point
the receiver determines the error in the satellite signals and in
post processing these corrections are applied to the second
receiver, provided the second receiver is within a given range
(in this application <50 km). Differential kinematic GPS
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1/2 wavelength. The wavelength is 19 cm, therefore, the
mobile positions are accurate to within 10 cm (M. Leach, Applied
Research Laboratories, Austin, Texas, pers. comm., 1993).

DISCUSSION

This discussion focuses on factors which affected the accu-
racy of the GPS solution: indexing procedure, hovercraft
speed, cycle slips, and the use of dual frequency reccivers.

Indexing while measuring hovercraft height proved diffi-
cult. Despite stabilizing the hovercraft with both vehicle and
forklift, horizontal drift hindered the accurate marking of the
index point. It is easier to begin over a marked index and then
transferring the antenna to the hovercraft. Spatial inaccura-
cies in occupying the index can result in a drift in what may
appear to be good solutions.

Speeds above 40 knots require further stabilization of the
hovercraft’s antenna mount, as vibration at high speeds is
thought to have contributed to the large number of cycle slips
on DOY 213 and 214. Dual frequency receivers were used
and the second frequency, which did not suffer the same
amount of cycle slips, was used for DOY 213 and 214 solu-
tions. Dual frequency receivers are recommended even for
short baselines (<50 km) to provide data redundancy.

Cycle slips can also be caused by sharp sudden turns and
by blockage of the satellite signal. OnDOY 211 a sharp turn
at the end of the survey caused the tracking to drop to less
than four satellites, thus terminating the solution before the
index could be reoccupied. On DOY 212, when returning to
the hovercraft station, the vehicle came too close to the hanger
and again the tracking dropped to thrce satellites. Provided
the solution drops to three satellites only once, the solution
can be processed backwards from the end up to that point, but
if this happens more than once, the data between data epochs
with less than 3 satellites are lost.

Current developments in processing software focus on
fixing cycle slips, a procedure known as "on the fly" ambigu-
ity resolution (G. Mader, National Geodetic Survey, pers.
comm., 1993). When this processing technique is fully op-
erational, initial cycle ambiguity can be resolved at any epoch
and the kinematic survey will be less constrained by cycle
slips and the need to index will be eliminated. This process-
ing capability will have significant impact on the ease and
accuracy of differential kinematic surveys.

In conclusion, this study demonstrates that kinematic
surveys can provide a high density of positions at the centi-
metre level. The GPS equipment is easily adapted to vehicles
like the hovercraft which are specifically designed for par-
ticular environments. These positions can be used for contour
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maps and three dimensional models. Future GPS surveys can
be compared to track sediment movement and changes in
vegetation distribution.
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Abstract: Regional mapping of the Cardston area has recognized the southern extension of several new
Upper Cretaceous stratigraphic units recently defined in the Crowsnest Pass area. They comprise the Lees
Lake, Burmis and Pakowki formations (Alberta Group) and the Connelly Creek, Lundbreck and Drywood
Creck formations (Belly River Group).

The eastern edge of the Rocky Mountain Foothills underlies the Cardston area. The Foothills in this area
consist of a series of southwest-dipping, northeast-verging thrust taults deforming Upper Cretaceous strata.
Although no major southwest-verging thrust fault was mapped near the edge of the Foothills belt, structural
relationships observed on some outcrops and at the regional scale suggest the presence of a triangle zone
with a complex kinematic history.

Résumé : La cartographie régionale de la région de Cardston a permis d’établir le prolongement vers le
sud des unités stratigraphiques du Crétacé supérieur nouvellement définies dans la région de Crowsnest
Pass. Celles-ci comprennent les formations de Lees Lake, de Burmis et de Pakowki (Groupe d’Alberta),
ainsi que les formations de Connelly Creek, de Lundbreck et de Drywood Creek (Groupe de Belly River).

La marge est des contreforts des montagnes Rocheuses (Foothills) traverse la région de Cardston. Les
Foothills de cette région consistent en une série de failles de chevauchement a pendage sud-ouest et a
vergence nord-est impliquant des strates du Crétacé supérieur. Malgré qu’aucune faille de chevauchement
importante a vergence sud-ouest n’ait été cartographiée aux abords de la marge est des Foothills, les relations
structurales observécs a certains affleurements et a 1’échelle régionale laissent suggérer la présence d’une
zone triangulaire ayant eu une histoire cinématique complexec.

! Southern Alberta NATMAP Program
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INTRODUCTION

Bedrock mapping of the Cardston area (Fig. 1) represents one
of the initial geological mapping projects of the new Southern
Alberta NATMAP Program. This five-year project (1993-
1998) will produce a new digital geoscience database for the
eastern edge of the Cordillera in southern Alberta, comprising
new bedrock geological maps and new cross-sections of
subsurface structure established in co-operation with the
petroleum industry using proprietary seismic information.
New maps of the Quaternary geology will also be produced
(Jackson, 1994). Field observations in the Cardston area have
been designed with the building of such a digital database in
mind, using a comprehensive data collection system including
coded information about surveyed outcrops, rock lithologies
(including composition, grain size, colour, sedimentary struc-
tures and bed thickness), and structural measurements. In the
future, this information will be available interactively through
the graphic interface of a Geographical Information System
(GIS) product. Additional databases will include data about
exploration wells, thermal maturation, fossil collections, till
geochemistry, mineral deposits, rock analysis, measured stra-
tigraphic sections and areal limits of previous work with
bibliographical references.

The Cardston map area (NTS 82H/3, Fig. 1) overlaps the
southern Alberta Foothills and Alberta Plains geological
divisions and lies immediately north of the Canada-U.S.A.
border. The eastern part of the area is marked by the Alberta
Syncline and the western flank of the Bow Island (Sweetgrass)
Arch. Quaternary deposits are extensive in the area, and relief
generally is less than 300 m. Good exposures are found along
the banks of St. Mary River and Lee Creek (Fig. 2).

The Foothills belt in the western part of the area was
previously mapped in detail (1: 31 680 scale) by Williams
(1949). Remapping of the area was required to apply the new
stratigraphic units within the Alberta and Belly River groups
recognized recently by Jerzykiewicz and Norris (1993, in
press) in the Crowsnest Pass (Blairmore) area to the north; to
utilize recent petroleum industry seismic and well data; to
construct cross-sections to create a new digital geological
database; and to apply a modem kinematic framework. Geo-
logical mapping was conducted for two months in the summer
of 1993. Observations were plotted on air photographs
(1: 30 000 scale) and all data were compiled on a 1: 50 000
scale digital topographic base map. Available well and seis-
mic data will be used in the future to outline the structure of
the area at depth.
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Only Upper Cretaceous rocks are exposed in the Cardston
map area (Fig. 2). The lower part of this segment of the
regional stratigraphic column has been revised and redefined
by Jerzykiewicz and Norris (1993, in press). Their six new
stratigraphic units are used herein. The six new units overly-
ing the Wapiabi Formation are, in stratigraphic order: the
Lees Lake, Burmis and Pakowki formations (upper Alberta
Group, Campanian), and the Connelly Creek, Lundbreck and
Drywood Creek formations (Belly River Group, Campanian).
Four other formations overlie the Belly River Group: the
Bearpaw Formation (Uppermost Campanian), the Blood
Reserve and the St. Mary River formations (Lower to Mid-
Maastrichtian), and the Willow Creek Formation (Upper
Maastrichtian) (Fig. 2, 3). Previously, Williams (1949) used
the base of the Burmis Formation for the base of his Belly River
Formation which ranged to the base of the Bearpaw Formation.

The Wapiabi Formation consists of dark grey marine
shales and minor thin bedded siltstone, fine grained sandstone
and calcareous sandstone. No complete section of this unit is
exposed but it 1s estimated to be 154 m in the adjacent
Waterton and Pincher Creek map areas (Douglas, 1951, 1952).

The Lees Lake Formation consists of a dark grey marine
mudstone interbedded with light grey sandstone showing
sedimentary structures typical of turbidity current deposits
(e.g. Bouma sequence, synsedimentary folding). This unit is
in transitional contact with the underlying Wapiabi Forma-
tion. It is usually poorly exposed in the Cardston area. The
best exposure is found along Lee Creek, in the immediate
hanging wall of the Ockey thrust (Fig. 2) where its measured
thickness is 74 m. The turbidites observed in this formation
have been interpreted as symptomatic of the early Laramide
tectonic activity (Jerzykiewicz and Norris, 1993, in press).



113°15’

; .
e T AT N S

:

K ‘“N~

- Cardstoni

X s
"E\\ i”'*““" [
AEAN

S

. N
Al ber?o—BGQnodo/-
Montano - U. S. A.

Belly River

= |[=]l= =R
(2] _ a q £
4] '.U'. E3 3

LEGEND
Stratigraphy
Ouaternory deposlts
Willow Creek Formation
St.Mary River Formation
Blood Reserve Formation

Bearpaw Formation

> Drywood Creek Formation
X

% Lundbreck Formation

[}

Connelly Creek Formation

|

Alberta

Group
HEIN

Burmis ond Pakowkl fms

Lees Loke Formation

Waplabl Formation
Geologlcal boundary ———

(def Ined. approximate,assumed)
Bedding o

(tops known.lops unknown)
Thrust fault ‘:%\ 40

(def Ined.approximate) @ — ¥ — —
Fold axlal plane trace

Anticline, Syncline %

Scale
o} 1 2 3 km

Figure 2. Geological map of the west half of the Cardston map area (NTS 82 H/3).

D. Lebel

233



Current Research/Recherches en cours 1994-A

The Burmis Formation is in sharp contact with the under-
lying Lees Lake Formation. It consists of fine grained, light
grey, resistant sandstone forming persistent ridges throughout
the area. This unit is characterized by 1 to 3 m cycles of
crossbedded, light grey weathering, and soft sandstone beds,
capped by more resistant 30 cm to 1 m thick brown weather-
ing concretionary and iron-bearing calcareous sandstone
beds. These beds are locally associated with lenses of mag-
netite-bearing sandstone. These lenses have also been ob-
served near Crowsnest Pass and described by Mellon (1961).
Wood prints and fragments are locally observed. The Burmis
Formation varies from 20 to 43 m thick. It has been interpreted
as a marine shoreline deposit (Williams, 1949) situated ahead
of a strand plain (Rosenthal and Walker, 1987) within a large
delta system fed by a distributary channel throughout the
Crowsnest re-entrant (Jerzykiewicz and Norris, in press).

The overlying Pakowki Formation is a recessive, dark
greenish grey marine shale, only observed in outcrop along
the St. Mary River, where it is about 10 m thick. The top of this
unit marks the contact between the Alberta Group and the
overlying Belly River Group (Jerzykiewicz and Norris, in press).

The Connelly Creek Formation is composed of concre-
tionary fine- to medium-grained, grey to greenish grey sand-
stone, showing crossbedding and commonly wood, plants
and coaly fragments. This unit is more recessive than the
Burmis Formation because its sandstones are usually not well
cemented and are interbedded with 10 cm to 3 m thick
mudstone intervals. Locally, coquinas composed of fresh-
water gastropods are exposed near the top of the unit. The
Connelly Creek Formation is rarely well exposed. Good
exposures are found along Lee Creek in the hanging wall of
the Ockey thrust, and along the St. Mary River (Fig. 2).
Thicknesses of close to 100 m were measured in both places.
This unit is interpreted as a fluvial sediment deposited on the
upper delta-plain (Jerzykiewicz and Norris, in press).

The Lundbreck Formation is composed mainly of greenish
grey mudstone, and is recognized by the common occurrence of
concretions and continuous layers of limestone of pedogenic
origin (Jerzykiewicz and Sweet, 1988; Jerzykiewicz and
Norris, in press). A few fine- to coarse-grained channelized
sandstone bodies, usually less than 5 m thick, are also present,
embedded within the caliche-bearing mudstone. No complete
section of the Lundbreck Formation has been observed in the
Cardston area, but preliminary structure cross-sections sug-
gest a thickness of between 300 and 500 m. This formation is
interpreted as a terrestrial alluvial fan deposit (Jerzykiewicz
and Norris, in press).

The Drywood Creek Formation is composed of fine
grained sandstone interbedded with about an equal proportion
of greenish grey mudstone beds. The sandstone beds are
mostly less than 1 m thick, and show current ripples, parallel
laminations, crossbedding, wood fragments and some concretions.
The unit locally contains coaly lenses or coal beds up to 2 m
thick, as exposed in the hanging wall of the Reeder thrust,
along Lee Creek (Fig. 2). The formation is estimated to be at
least 50 m thick. The upper contact is situated at the base of
an oyster-bearing coquina within the Bearpaw Formation.
The Drywood Creek formation is interpreted as a transitional
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facies between the alluvial plain facies of the Lundbreck
Formation and the open marine sediments of the Bearpaw
Formation (Jerzykiewicz and Norris, in press).

The Bearpaw Formation consists of dark brownish grey
marine mudstones, interbedded with a few very fine- to
fine-grained, thin sandstone beds. A number of rusty lime-
stone concretions, up to 1 m in diameter are also present at
several horizons. The thickness of the formation is difficult
to assess because it is commonly folded and crosscut by thrust
faults and is rarely completely exposed. The thickest observed
section measures about 80 m, along the St. Mary River, in the
hanging wall of the Coal Canyon thrust.

The Blood Reserve Formation is characterized by a
resistant fine- to medium-grained, light grey sandstone,
which appears as massive or crossbedded, 1 to 3 m thick beds.
A distinctive feature is the presence of oyster-bearing coquina
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Figure3. Schematic stratigraphic column of the
Cardston area.
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there with an upper décollement panel showing significant
displacement. Field observations suggest that a triangle zone
may have been present in the Cardston area for a period of
time but most backthrusts have now been crosscut by east-
verging faults.

Between the Ockey Thrust and the edge of the deformed
belt to the east (Fig. 2), several macroscopic and mesoscopic
folds are encountered, ranging from broad to tight. These
folds are usually upright or overturned towards the northeast.
Such folds are found in the hanging wall of the Pilling and
Coal Canyon thrusts (Fig. 2) and are sometimes associated
with backthrusts.

A good example is found along the St. Mary River, upstream
from Coal Canyon Creek (Fig. 2, 4). There, the Drywood
Creek Formation wraps around a northeast-verging over-
turned told which is thrusted over the Blood Reserve Forma-
tion along the stecply dipping Coal Canyon Thrust (Fig. 4).
In the footwall of this thrust, Blood Reserve Formation is
duplicated along a minor southwest-verging, shallow north-
east-dipping thrust associated with a southwest-verging
asymmetric anticline-syncline fold pair. The opposing ver-
gence of the folds found on each side of the Coal Canyon
Thrust suggests that they were formed within different kine-
matic regimes. Because older beds are found on the west side
than on the cast side of the Coal Canyon Thrust, it favours the
idea that this fault has crosscut the southwest-verging structures
found in its footwall.

Locally southwest-verging and northeast-dipping thrust
faults (backthrusts) are also found on the northeast limb of
some of the upright folds. For example, along the St. Mary
River, the St. Mary Anticline (Fig. 2) is a broad fold involving
the Lees Lake, Burmis and Connelly Creek formations. The
northeast limb of this anticline displays two subtle back-
thrusts involving the Connelly Creek Formation. A few hun-
dred metres east of these faults, the northeast-verging,
southwest-dipping St. Mary thrust fault displays a significant
throw, bringing the Connelly Creek Formation over the
St. Mary River Formation. It is thus possible that the back-
thrusts were formed during early motion along an upper
décollement and that this décollement was subsequently
crosscut by cast-verging, southwest-dipping thrust faults.

It is worth noting that macroscopic folds are restricted to
the zone situated near the edge of the Foothills belt in the
Cardston area. The influence of the triangle zone kinematics
upon the formation of these folds is not determined yet, but 1t
is possible that these folds are related to the tightening of
structures situated underneath an upper décollement panel
prior to the appearance of steep, northeast-verging thrusts
crosscutting this décollement.

Future work will involve examining seismic data in con-
Jjunction with deep exploration wells to follow the trajectories
of the various thrust faults and thrust sheets at depth within
the Mesozoic and Paleozoic sequences. This should provide
a better understanding of the evolution and regional kinematic
history of the frontal zone of the Foothills in the Cardston area.
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Quaternary geology and terrain inventory,
Foothills and adjacent plains, southwestern
Alberta: some new insights into the last
two glaciations'

Lionel E. Jackson, Jr.
Terrain Sciences Division, Vancouver

Jackson, L.E.,Jr., 1994: Quaternary geology and terrain inventory, Foothills and adjacent plains,
southwestern Alberta: some new insights into the last two glaciations; in Current Research
1994-A; Geological Survey of Canada, p. 237-242.

Abstract: The limits of the (last) Erratics Train Glaciation can be easily traced along the Foothills south
of Highwood River. Its alpine glaciation was restricted to valley glaciers and cirques in the Plateau Mountain
area. Till deposited during the penultimate Willow Creek Glaciation, however, is restricted to valley bottoms
and flat topped ridges. The possibility that these were two distinct glaciations separated by tens or hundreds
of thousands of years is strongly suggested by: differences in depths of weathering between tills deposited
during the Willow Creek and Erratics Train glaciations; extensive erosion of Willow Creek till from all but
level sites; low relief on till surfaces, abundant ventifacts and paucity of kettle lakes on Willow Creek
Glaciation surfaces relative to Erratics Train Glaciation surfaces; and the eroded state of cirques that fed
Willow Creek glaciers in the Foothills. Paleomagnetics and fossil periglacial features are being tested as
tools for stratigraphic correlation and demonstration of the significant hiatus between Willow Creek and
Erratics Train glaciations.

Résumé : Les limites de la (derniére) Glaciation d’Erratics Train peuvent facilement étre suivies le long
des Foothills, au sud de la riviére Highwood. Cette glaciation alpine a été limitée a des glaciers de vallée et
de cirque dans la région du mont Plateau. Le till déposé pendant la pénultiéme Glaciation de Willow Creek
est confiné au fond des vallées et aux crétes 2 sommet plat. La possibilité que la Glaciation d’Erratics Train
etlaGlaciation de Willow Creek soient deux glaciations distinctes séparées par des dizaines ou des centaines
de milliers d’années ressort nettement : des différences dans la profondeur d’altération des tills attribués a
ces deux glaciations; de 1'érosion étendue du till associé a la Glaciation de Willow Creek, qui est disparu
partout sauf sur les surfaces horizontales; du faible relief des surfaces des tills, de 1’abondance des cailloux
faconnés par le vent et de la rareté des lacs de kettle sur les surfaces affectées par la Glaciation de Willow
Creek par rapport 4 celles de la Glaciation d’Erratics Train; et de 1’érosion des cirques qui ont alimenté les
glaciers de 1a Glaciation de Willow Creek dans les Foothills. Le paléomagnétisme et les caractéristiques
périglaciaires fossiles font 1’objet d’une vérification comme outils de corrélation stratigraphique et de
démonstration de 1’existence d’un hiatus important entre la Glaciation de Willow Creek et la Glaciation
d’Erratics Train.

! Southern Alberta NATMAP Program
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INTRODUCTION

Field mapping of the surficial geology of the Foothills of
southwestern Alberta and contiguous areas of the Interior
Plains and the Rocky Mountain Front Ranges was undertaken
during July and August 1993, as part of Canada’s National
Geoscience Mapping Program (NATMAP) aimed at the bed-
rock and surficial geology of this region. A total of thirteen
1:50 000 areas will be mapped over three field seasons as part
of this project (Fig. 1). The project also incorporates sampling
of the geochemistry and carbonate content of glacial till.
These have applications in mineral exploration and evalu-
ation of the potential of acid rain to damage soil and surface
and ground waters.

Surficial geology mapping has a wide range of applica-
tions in land use planning and natural resource protection and
conservation in the Foothills region. Examples include the
siting of sanitary landfills, protection of wells from pollution,
augmentation of existing sand and gravel inventorics, more
characterization of soil textures, and a complete inventory of
landslides in the region, the principal geological hazard.
Protection of ground water is of particular concern because
of drought conditions in recent years.

Maps produced by this and all mapping projects under
NATMAP will be available as computer files as well as
traditional paper products. In addition, all field notes will be
available as interactive database files. The formats of map and
database files are currently being decided. Maps are being
prepared as AutoCAD release 12 drawings and ficld notes
have been entered into FIELDLOG, an interactive database
developed by the Geological Survey of Canada and the On-
tario Geological Survey. Tables listing such variables as
lithology, sample description, and stratigraphy are linked by
field station number.

The surficial geology of the region is presently mapped at
a scale of 1:250 000 from work dating from the 1950s and
1960s. Remapping this region at a more detailed scale will
result in both maps and an understanding of the surficial
geology that are more accurate, detailed, and useful. Further-
more, the record of multiple, overlapping glaciations of the
Foothills by the Laurentide and Rocky Mountain provenance
ice sheets (e.g., Dawson, 1885; Dawson and McConnell,
1895; Douglas, 1950; Stalker, 1963; Alley, 1973) needs to be
re-examined in light of the significant increase in the under-
standing of glacial sediments and stratigraphy gained over the
past three decades through the study of contemporary glacial
sedimentary environments. Sediment correlation and dating
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Figure 1. Area to be covered by terrain inventory mapping as a part of
the Southern Alberta NATMAP Program. Stippled areas were covered
during the 1993 field season.




techniques, such as paleomagnetics, have not been applied to
the exposures of tills and interstratified sediments exposed in
major valleys in the region. Key exposures of sediments
thought to represent multiple glaciations will be re-examined
by new techniques to improve correlation and allow a detailed
understanding of Foothills glacial history.

ERRATICS TRAIN AND WILLOW
CREEK GLACIATIONS

Four areas were mapped during 1993, including 82 J/1
(Langford Creek), 82 J/8 (Stimson Creek), 82 J/9 (Turner
Valley), and 82 H/13 (Granum). Deposits from the last two
glaciations are distributed widely within these map areas.
These two glaciations have been named the Erratics Train (the
younger) and the Willow Creek (the older) glaciations by
Jackson (1980). The Erratics Train Glaciation was named for
the Foothills Erratics Train, a narrow belt of large, angular
quartzite boulders which have their source in the Rocky
Mountains near Jasper (Stalker, 1956; Mountjoy, 1958; Roed
et al., 1967; Jackson, 1993). The Foothills Erratics Train
marks approximately the former boundary between ice of the
Laurentide Ice Sheet and montane provenance glacial ice
during the last (Late Wisconsinan) glaciation.
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Figure 2. Geographic reference map of areas covered during
the 1993 field season. The 1370 m contour approximates the
eastern edge of the Foothills. Towns and cities: L, Longview;
TV, Turner Valley; G, Granum; FMc, Fort MacLeod. Rivers:
LR, Livingstone River; OR, Oldman River; WC, Willow Creek;
PC, Pekisko Creek; HR, Highwood River. Mountains:
LH, Longview Hill; HWR, Highwood Range; PM, Plateau
Mountain; PgM, Pasque Mountain; IP, Isola Peak; CR, Cabin
Ridge; PH, Porcupine Hills.

L.E. Jackson, Jr.

The Willow Creek Glaciation (WCG) was named by
Jackson (1980) for the glaciation that deposited till, glacioflu-
vial and glacial lake deposits in the upper Willow Creek basin
above the limits of the Erratics Train Glaciation (Douglas,
1950; Alley, 1973; Alley and Harris, 1974). It is equivalent
to the "Glacial Episode 2" term used informally by Alley
(1973) and Harrison (1976)

Erratics Train Glaciation

During the Erratics Train Glaciation (ETG), coalesced glacial
ice from the Rocky Mountains (bearing the Foothills Erratics
Train) and the Laurentide icc sheet travelled south and south-
west along the Foothills. It pushed up Foothills valleys that
were free of ice (Jackson, 1980; Jackson et al., 1989). In the
Turner Valley and Stimson Creek map areas (82 J/9 and
82 J/8), most of the terrain north of the Highwood River was
covered by glacial ice. Clasts of purple banded quartzite of
the Gog Group and equivalent formations, in addition to the
Foothills Erratics Train, mark the extent of ice from the Rocky
Mountain Main Ranges. Main Ranges quartzite clasts are
found atop Longview Hill and similar Foothills’ ridges in
excess of 1400 m. The quartzite is lacking in deposits of the
Willow Creek Glaciation which are entirely of Rocky Moun-
tain Front Ranges origin. South of Highwood River in 82 J/8,
82 J/1 and 82 H/13, the limits of the Erratics Train Glaciation
extend up valleys within the Foothills and Porcupine Hills.
This digitate limit can be traced clearly on the ground and on
airphotos by the upper limits of: unweathered and continuous
till, well defined former ice-walled channels, deltas graded to
ice-dammed lakes, abundant kettle lakes, hummocky moraine,
and cross divide channels.

In the basins of Stimson and Pekisko creeks where regional
slope toward the Interior Plains is gentle, ice pushed well into
the Foothills but reached an elevation of only about 1400 m.
However, farther east and south, ice reached 1460 m at the
north end of the more precipitously rising Porcupine Hills.
The upper limit of Erratics Train Glaciation ice can be clearly
traced along the eastern margin of the Porcupine Hills in
82 H/13; it descends from 1460 m at the north margin to 1400
m at the south end, a descent of about 0.7 m/km (Fig. 2).
Along the south side of the Porcupine Hills, where the ice
pushed into the broad lowland of the Oldman River valley and
its tributaries, the gradient markedly increased by a factor of
about 10. Completion of this mapping project should provide
data to contour the Laurentide Ice Sheet during Erratics Train
Glaciation in the vicinity of the Foothills and aid in the
modelling of its paleoflow dynamics.

Within the map areas that include the Rocky Mountain
Front Ranges, alpine glaciation during Erratics Train Glacia-
tion was confined to the Platcau Mountain areca which sup-
ported cirque and local valley glaciers. Figure 3A plots the
orientation of cirques, within 45° divisions of the compass,
and elevations of cirque floors which were active during the
Erratics Train Glaciation in the Plateau Mountain area in
82 J/1 and 82 J/8 and in the Highwood Range immediately
west of 82 J/9. These cirques lack dendritic drainage systems
(characteristic of cirques active only during Willow Creck
Glaciation) and clearly fed valley glaciers which advanced
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from the cirques. The lower limit of cirques at about 2050 m
elevation provides an estimate of the firn line in the Foothills
during Erratics Train Glaciation. Cirques active during
Willow Creek Glaciation and below 2050 m were not reoc-
cupied during Erratics Train Glaciation. The extent to which
valley glaciers advanced from Plateau Mountain was quite
asymmetric. Ice descended to about 1830 m on the south-oriented
Livingstone River valley and about 1600 m in upper Pekisko
Creek on the north side of Plateau Mountain.

Willow Creek Glaciation

Till from the Willow Creek Glaciation (WCG) is preserved
only on nearly level sites such as valley bottoms or flat-topped
ridges (which are common in the Porcupine Hills) or where
it has been buried beneath Erratics Train Glaciation sedi-
ments. Relief on morainal surfaces is usually less than 2 m
over distances of 10 m or more. Kettle lakes are rare and very
small relative to those seen within the limits of Erratics Train
Glaciation. The difference in depth of weathering between
tills deposited during the two glaciations is significant. Most
of the clasts found within till along the east side of the
Porcupine Hills are friable sandstones and shales of the early
Tertiary and upper Cretaceous Porcupine Hills, Willow Creek
and St. Mary River formations. Although these are largely
disaggregated within the upper 50 ¢m in Erratics Train till,

clasts are readily recognizable. In contrast, excavation of at
least 60 cm is required before any recognizable clasts of local
bedrock are discernable or erratic pebbles from the Canadian
Shield are seen in abundance in areas underlain by Willow
Creek till. Clasts encountered down to this depth are usually
wind sculpted pebbles (ventifacts). These clasts are also
found within the upper 10 to 20 cm of recognizable till
suggesting that significant overturning and mixing of the till
sediments has occurred through agencies such as frost activity
or bioturbation. Ventifacts rarely occur within the Erratics
Train Glaciation limit and then only at the limit where cataba-
tic winds were funnelled through cross divide gaps.

Observations on the distribution and lithology of sedi-
ments deposited during Willow Creek Glaciation largely
corroborate the observations and conclusions of Douglas
(1950), Alley (1973), Alley and Harris (1974), and Day
(1971). Willow Creek Glaciation was a significantly more
extensive glaciation than the Erratics Train Glaciation. The
firn line dropped to at least 1680 m in the Foothills, based on
the lowest elevation of cirques seen within the map areas
(Fig. 3B). This produced a significantly different pattern of
ice flow from that of the subsequent Erratics Train Glaciation.
Till with uniquely Front Ranges and Foothills pebble lithol-
ogy is exposed along the Highwood River 45 km east of the
nearest cirque (Fig. 4). Whereas the Livingstone River valley
south of Plateau Mountain was ice-free during Erratics Train

A- Erratics Train
Glaciation

B- Willow Creek
Glaciation

020

Figure 3. Orientation and cirque-floor elevations of cirques active during (A) Erratics Train

Glaciation and (B) Willow Creek Glaciation.
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Submissions to the Discussion section of Current Research are welcome from both the staff of the
Geological Survey of Canada and from the public. Discussions are limited to 6 double-spaced typewritten
pages (about 1500 words) and are subject toreview by the Chief Scientific Editor. Discussions are restricted
to the scientific content of Geological Survey reports. General discussions concerning sector or government
policy will not be accepted. All manuscripts must be computer word-processed on an IBM compatible
system and must be submitted with a diskette using WordPerfect 5.0 or 5.1. Illustrations will be accepted
only if, in the opinion of the editor, they are considered cssential. In any case no redrafting will be undertaken
and reproducible copy must accompany the original submissions. Discussion is limited to recent reports
(not more than 2 years old) and may be in either English or French. Every effort is made to inciude both
Discussion and Reply in the same issue. Current Research is published in January and July. Submissions
should be sent to the Chief Scientific Editor, Geological Survey of Canada, 601 Booth Street, Ottawa,
Canada, K1A OES.

AVIS AUX AUTEURS D’ARTICLES

Nous encourageons tant le personnel de la Commission géologique que le grand public a nous faire
parvenir des articles destinés a la section discussion de la publication Recherches en cours. Le texte doit
comprendre au plus six pages dactylographiées a double interligne (environ 1500 mots), texte qui peut faire
I’objet d’un réexamen par le rédacteur scientifique en chef. Les discussions doivent se limiter au contenu
scientifique des rapports de Ja Commission géologique. Les discussions générales sur le Secteur ou les
politiques gouvernementales ne seront pas acceptées. Le texte doit étre soumis & un traitement de texte
informatisé par un syst¢éme IBM compatible et enregistré sur disquette WordPerfect 5.0 ou 5.1. Les
illustrations ne seront acceptées que dans la mesure ot, selon I’opinion du rédacteur, elles seront considérées
comme essentielles. Aucune retouche ne sera faite au texte et dans tous les cas, une copie qui puisse étre
reproduite doit accompagner le texte original. Les discussions en frangais ou en anglais doivent se limiter
aux rapports récents (au plus de 2 ans). On s’efforcera de faire coincider les articles destinés aux rubriques
discussions et réponses dans le méme numéro. La publication Recherches en cours parait en janvier et en
jutllet. Les articles doivent étre envoyés au rédacteur en chef scientifique, Commission géologique du
Canada, 601, rue Booth, Ottawa, Canada, K1A OES.








