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Looking southeast at an approximately 35 m thick flow of columnar basalt of
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British Columbia. The flow was open to the north where columns curve to a
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Early Miocene or younger normal faults

and other Tertiary structures in west Nass River
map area, northwest British Columbia, and
adjacent parts of Alaska

C.A. Evenchick, M.L. Crawford!, V.J. McNicoll?, L.D. Currie?,
and P.B. O’Sullivan*
GSC Pacific, Vancouver

Evenchick, C.A., Crawford, M.L., McNicoll, V.J., Currie, L.D., and O’Sullivan, P.B., 1999: Early
Miocene or younger normal faults and other Tertiary structures in west Nass River map area,
northwest British Columbia, and adjacent parts of Alaska; in Current Research 1999-A;
Geological Survey of Canada, p. 1-11.

Abstract: Steeply dipping brittle faults which strike 350° cut early Tertiary and older rocks in the Coast
Belt along, east of, and west of Portland Canal. The Big Dam Fault is a west-side-down brittle fault zone
2 km wide which cuts ca. 61-53 Ma granite. The Portland Canal Fault is interpreted to have east-side-down
displacement postdating 22 Ma, and possibly 5 Ma. Parallel faults in early Tertiary granite between north-
erly projections of the two faults are steeply east and west dipping, and extensional in nature. The Big Dam
and Portland Canal faults are assumed to be related to the other faults of similar character postdating the
early Tertiary, and therefore extensional. The presence of these faults has implications for interpretation of
ACCRETE seismic data, which were acquired in Portland Canal, along a transect which is coplanar with the
Portland Canal Fault for a distance of 20-50 km.

Résumé : Des failles ductiles 4 fort pendage, orientées vers 350°, recoupent des roches du Tertiaire pré-
coce et d’4ge plus ancien dans le Domaine c6tier le long du chenal Portland et a1’est et a1’ ouest de cette der-
niére. La faille de Big Dam correspond & une zone de failles cassantes 2 compartiment de gauche abaissé de
2 km de largeur qui recoupe du granite d’environ 61 a 53 Ma. Le compartiment de droite de la faille de
Portland aurait été abaissé apres 22 Ma et possiblement 5 Ma. Des failles parall¢les observées dans du gran-
ite du Tertiaire précoce entre les prolongements nord de ces deux failles montrent un fort pendage vers I’est
et I’ouest et sont des failles de distension. Les failles de Big Dam et de Portland Canal seraient apparentées
aux autres failles postérieures au Tertiaire précoce qui sont de nature similaire et donc des failles de disten-
sion. La présence de ces dernigres influe sur 1’interprétation des données sismiques ACCRETE, qui ont été
prélevées dans le chenal Portland le long d’un transect qui se trouve dans le méme plan que la faille de
Portland Canal sur une distance de 20 a 50 km.

! Department of Geology, Bryn Mawr College, Bryn Mawr, Pennsylvania, U.S.A. 19010
2 Continental Geoscience Division, Ottawa

3 GSC Calgary, Calgary
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INTRODUCTION

Previous work in the vicinity of Observatory Inlet and
Portland Canal showed that the Big Dam Fault, a brittle fault
striking 350°, cuts early Tertiary rock units, and it was sug-
gested that lineaments with similar trend (i.e. Hastings Arm,
Portland Canal), are also the sites of Tertiary, and possibly
late Tertiary or Quaternary faults (Evenchick et al., 1997;
Evenchick and Holm, 1997). The previous mapping also
identified volcanic rocks assumed to be of Tertiary age
capping a peak of Tertiary granite east of Portland Canal
(Evenchick et al.,, 1997). This paper presents preliminary
results of more recent geochronological, structural, and uplift
studies. These studies elucidate the nature and age of what is
now considered to be a widespread suite of Miocene or
younger brittle faults which accommodated roughly east-
west extension. The faults are a primary control on geomor-
phology. Many of the observations and measurements of
mesoscopic faults and related features presented below were
made either in the course of regional mapping or during
reconnaissance of regional features. The purpose of this
paper is not to present a detailed structural analysis, but rather
to highlight the presence of a suite of faults not previously
recognized.

This work is part of a multiyear regional study of the geo-
logical framework of Nass River (NTS 103 P) area (see
Evenchick and Mustard, 1996). In 1998 efforts were
focused on stratigraphy and structure of the Georgie River
area (Evenchick and Snyder, 1999), and on mapping the
region between Anyox pendant and Georgie River area, with

emphasis on analysis of structures (presented herein). The
work is also part of the ACCRETE project funded by the
Continental Dynamics Program of the U.S. National Science
Foundation. A main focus of the ACCRETE project was a
co-ordinated seismic and geological study along Portland
Inlet and Portland Canal to investigate the structure of the
crust across the Coast Mountains orogen east and west of
Ketchikan, Alaska and Prince Rupert, British Columbia.

Regional geology and previous work

An overview of the regional geology and previous work in
Nass River area is presented in Evenchick and Mustard
(1996). Most bedrock can be assigned to one of three broad
groups (Fig. 1), Triassic and Lower to Middle Jurassic rocks
of Stikinia; Middle Jurassic to Lower Cretaceous rocks of the
Bowser Basin; and Mesozoic and Cenozoic granitoid rocks of
the Coast Belt. Minor constituents are Cretaceous rocks of the
Skeena Group, upper Tertiary and Quaternary volcanic
rocks, and metamorphic rocks of unknown age.

Previous regional mapping in western Nass River area
was by Carter and Grove (1972) and Grove (1986). That
reconnaissance mapping focused on Stikinia west of the
Bowser Basin; Tertiary intrusive rocks received subordinate
attention. Some plutonic rocks were studied by Carter (1981)
in a regional analysis of porphyry Cu and Mo deposits.
Twenty K-Ar age determinations in and around these Cu and
Mo deposits in Nass River area range from 5549 Ma (Carter,
1981; recalculated using decay constants of Steiger and
Jager, 1977). Cataclastic zones within pendant rocks were

---------- Outline of Figure 2
________ Outline of 1:50 000 NTS map sheets
— .. = .. -. International border

. Boundaryof
morphogeological
elts

Figure 1. Location of Nass River (NTS 103 P) map area and its major geological
elements. Areas discussed in report are outlined in inset.



recognized in reconnaissance mapping (Carter and Grove,
1972; Grove, 1986), but were considered to be Jurassic.
Sharp (1980) studied the Anyox mining camp in east-central
Anyox pendant and delineated units and structures, including
the northern part of the Big Dam Fault.

ROCKS, GEOCHRONOLOGY, STRUCTURES,
AND UPLIFT HISTORY

Most of the information that bears on this interpretation of
Tertiary faults is from Tertiary rocks. Although brittle and
brittle to ductile structures occur in older rocks of the Georgie
River area and Anyox pendant (Fig. 2), many of them are
probably pre-Tertiary. A focus on structures in Tertiary rocks
ensures that the structures are Tertiary or younger. Uranium-
lead and 4OAr/39 Ar ages of Tertiary plutons, dykes, and strati-
fied rocks more closely constrain the ages of different fea-
tures; studies of uplift history from fission tracks may provide
additional constraints.

Early Tertiary rocks
Granitic rock

Granitic rocks are dominantly granite, with lesser quartz
monzonite to quartz monzodiorite. They are white to cream
and light grey weathering, leucocratic, and commonly have
5-15% fresh biotite and/or hornblende. Garnet, and locally
muscovite, occur in mafic-poor varieties in the vicinity of
Anyox pendant. Texture varies from equigranular to
K-feldspar megacrystic. Xenoliths of more mafic granitoid
rocks are uncommon, but in western Alice Arm they form
10-20% of the rock. Xenoliths of metamorphic rock are rare.
At least 98% of granitic rock shown in Figure 2 is unfoliated;
with the exception of the brittle structures described below, it
is monotonous massive rock. Several phases of subtly differ-
ent Tertiary plutonic rocks could be distinguished with more
detailed study of the region around, east of, and south of,
Anyox pendant. The area between Anyox pendant and
Georgie River area, however, is underlain by remarkably
homogeneous, medium-grained, equigranular, biotite-
hornblende granite with euhedral sphene up to 3 mm across.
Contacts with country rocks are sharp, and in most places
country rocks are intensely deformed in a zone up to 1 km sur-
rounding the plutonic rocks. The contact aureole contains
andalusite, cordierite, and biotite.

Preliminary U-Pb dates on five samples of the granitic
rock from the east shore of Observatory Inlet and immedi-
ately south of Anyox pendant range in age from 61 to 53 Ma
(Fig. 2; V.McNicoll, unpub. data, 1998). These dates confirm
the Tertiary age reported by Carter (1981), but indicate a
wider range of somewhat older ages.

Two ages from plutonic rock on the west shore of Portland
Canal, west of Anyox pendant, are 53.3 + 1.0 and 51.7 =
1.0 Ma (G. Gehrels, pers. comm., 1998), but the extent of
Tertiary rock west of Portland Canal is poorly known.

C.A. Evenchick et al.

Dykes

The two most common varieties of dykes in west Nass River
area are parallel with the dominant regional joint and linea-
ment trends (Fig. 3). Gabbro or diorite is the predominant
dyke rock and is common throughout the region; lampro-
phyre dykes are rare. The mafic dykes are dark grey, green,
and brown weathering, aphanitic to coarse grained, equi-
granular or porphyritic, and massive. They commonly dip
steeply to the northwest or southeast (Fig. 3), and are typi-
cally 10 cm to several metres wide, although they range from
less than a centimetre to about 10 m wide. Preliminary
40Ar/3%Ar ages (hornblende) on two of these dykes are ca.
39-38 Ma; a U-Pb age of ca. 38.5 Ma was obtained for a third
mafic dyke (V. McNicoll, unpub. data, 1998). The presence
of mafic dykes in a ca. 22 Ma granitic stock (see below) indi-
cates that even younger mafic dykes are present.

The second major type of dyke forms a geographically
restricted swarm of distinctive plagioclase porphyritic dykes
called the Larcom dyke swarm (Evenchick and Holm, 1997).
The steeply dipping, northwest-trending dykes occur in
northern Observatory Inlet-southern Hastings Arm, and are
cut by mafic dykes. A U-Pb age on a sample of Larcom dyke
is 52 £ 1 Ma (V. McNicoll, unpub. data, 1998). Another
northwest-trending dyke swarm farther north (between
55°55’N and 56°06’N), called the Portland Canal dyke
swarm, is composed of rhyolite, dacite-rhyolite, and monzo-
nite dykes of ca. 50.5 Ma age (Green et al., 1995).

Miocene rocks
Stratified rock

Dark, blocky weathering, massive, felsic to intermediate vol-
canic flows and breccia, and minor rounded granite- and
volcanic-cobble conglomerate occur on the northern ridge of
Mount Newport (Fig. 2; Evenchick et al., 1997). They cap the
ridge as a west-dipping unit more than 500 m thick. The base
at the west, on the slopes east of Portland Canal, is at about
820 m elevation. Based on the lack of tectonic fabric and
metamorphism they were assumed to be Tertiary (Evenchick
and Holm, 1997). A preliminary whole rock “0Ar/39Ar age
for dacite from near the top of the succession is 21.8 = 0.4 Ma
(V. McNicoll, unpub. data, 1998).

Plutonic rock

A stock of medium- to coarse-grained, miarolitic, biotite-
hornblende granite previously reported to have a U-Pb age of
19 Ma occurs on the west side of Portland Canal west of
Mount Newport, and rises to abt 300 m elevation (Fig. 2; Berg
etal., 1988). New data (G. Gehrels, pers. comm., 1998) gives
the stock an age of 22.2 + 0.8 Ma. Based on the similarity of
age and composition with th rocks located 4 km to the east,
the stock and volcanic rocks are inferred to be comagmatic.
The ages and relative positions of these rocks are key parts of
the argument for the presence of a fault postdating 22 Ma in
Portland Canal, described below as the Portland Canal Fault.
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Figure 3. Lower hemisphere, equal area projections of dykes and joints in
western Nass River area.
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Hornblende geobarometry indicates pressure of about 2 kbar
during emplacement of the granite stock (G.J. Woodsworth,
pers. comm., 1998).

Faults
Big Dam Fault

The Big Dam Fault is a steep, brittle, north-trending fault
zone which crosses Anyox pendant and the shores of
Observatory Inlet (Fig. 2; Evenchick et al., 1997). The south-
ernmost place where the fault was examined is on the south-
east shore of Observatory Inlet, east of Dawkins Point. It is
expressed there as a zone of highly fractured and faulted rock
more than 1 km wide within otherwise massive biotite-
hornblende granitic rock and minor foliated granitic rock
(Fig. 5). On the northwest shore of Observatory Inlet, the west
boundary of the fault zone is a contact between massive
biotite-hornblende granite with screens of metasedimentary
rock on the west, and highly fractured and faulted
muscovitexgarnet+biotite granitic rock on the east. This con-
tact coincides with a lineament 12 km long, the northern part
of which is along a fault recognized by Sharp (1980). On the

Figure 5. Faulted Tertiary granite in Big Dam Fault, about 2
km east northeast of Dawkins Point. View is down; top is
south.

C.A. Evenchick et al.

shoreline of Observatory Inlet west of the contact are local
northerly trending brittle faults and fractures. East of the con-
tact, the muscovite-bearing granite is highly fractured and
faulted for about 2 km across strike (Fig. 6, 7). Most structural
features at both shoreline exposures of the fault zone are
steeply east- or west-dipping fractures spaced 1 mm to a few
centimetres (Fig. 4, 5); less common are zones of fault breccia
and polished fault surfaces with or without slickenlines
(Fig. 6, 7). Slickenlines generally plunge downdip, but a few
gently plunging ones indicate oblique strike-slip. Rare quartz
slickenfibres are the primary criteria for sense of displace-
ment; most are indicative of normal motion, but dextral-
normal motion is indicated for one of the oblique strike-slip
faults (Fig. 4).

Mapped contacts and folds in Anyox pendant indicate that
the fault accommodated west-side-down displacement.
Away from the shoreline, rocks are poorly exposed, and the
common brittle features in granite are not as prominent in
stratified rocks at outcrop scale. North of the abandoned
Anyox townsite, in a belt extending 3 km east of the Big Dam
Fault, lineaments reflecting bedding are cut by lineaments

Figure 6. Fault breccia at east side of Big Dam Fault as
marked on Figure 2, where the fault crosses the northwest
side of Observatory Inlet. View is down; top is south.
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parallel with the fault. The latter are assumed to be brittle
faults; one of these is on trend with a fault mapped by Sharp
(1980) near the Hidden Creek mine.

In summary, the Big Dam Faultis a 2 km wide brittle fault
zone which is expressed as a band of highly fractured and
faulted rock where it cuts Tertiary granite, and as a zone of
discrete faults over a similar width where it cuts older strati-
fied rocks. Displacement was west-side-down. Dip is steep,
but direction of dip of the zone as a whole, or of a master fault,
is unknown. Most of the faults are dip-slip; the few whose
sense of displacement can be determined are normal. Strike-
slip faults are rare; one is dextral with a minor normal
component.

Portland Canal Fault

Brittle faults and fractures occur on the east and west shores
of Portland Canal west of Anyox pendant and farther north.
Rocks east of Portland Canal are Paleozoic and Mesozoic
greenschist to lower amphibolite facies volcanic, sedimen-
tary, and igneous rocks of Anyox pendant, surrounded by
massive Tertiary granitic rock. Miocene (ca. 22 Ma) volcanic
rock (described above) is 1.5 km east of the canal at an eleva-
tion of about 820 m. West of Portland Canal are a variety of
foliated to migmatitic granitoid rocks, intruded by ca. 22 Ma
granite (described above). The difference in metamorphic
grade, and position of volcanic rocks 500 m above a coeval,
and assumed comagmatic pluton emplaced at about 2 kbar
pressure, requires a fault postdating 22 Ma in Portland Canal
west of Anyox pendant, with east-side-down displacement.
Brittle structural features are common, and locally overprint
ductile ones. They include closely spaced fractures, normal
faults, and Reidel shears (Fig. 4). Although much of the direct
evidence for this fault has been removed during formation of
the Portland Canal fjord, the data shown in Figure 4 are con-
sistent with the presence of a northerly trending, steeply

dipping fault in Portland Canal. At Fords Cove, north of
Anyox pendant on the east shore of Portland Canal, brittle
fault zones are present in Tertiary biotite-hornblende granite
(Fig. 8).

Carney Lake Fault

Approximately 2 km west of the south end of Hastings Arm a
north-trending lineament (topographic depression) crosses
the contact between Bowser Lake Group on the south, and
Tertiary granite on the north. South of the contact the linea-
ment is parallel with, and potentially resulting from, bedding
in the Jurassic stratified rocks. North of the contact it can only
be the result of features postdating the Early Tertiary, and is
defined by a narrow gully along the crest of a ridge. The
results of brief examination of a few hundred metres of the
lineament are that joints have a range of orientations, but
many are steep. Faults and fractures dip steeply east or west,
and slickenlines are steep (Fig. 4). Fault gouge occurs at sev-
eral places along the lineament. The feature is inferred to be a
dip-slip, possibly normal, fault.

Faults in south Observatory Inlet

The northwest shore of Observatory Inlet south of Dawkins
Point was examined briefly with the intention of locating the
southern extension of the Portland Canal Fault, or other major
faults. In the north, large areas of massive biotite-hornblende
granite with widely spaced joints are punctuated by zones,
generally less than a few metres wide, of northerly trending
fractures (Fig. 3, 4, 9). South of about 55°10° N (Fig. 2), the
rock is foliated granitic rock, and brittle faults with polished
surfaces and cataclasite are present in addition to common
fractures. Northerly trending lineaments are common in
southern Observatory Inlet, and many coincide with zones of
brittle faults, some up to 10 m wide; two are normal faults

Figure 7. Polished fault surface with downdip slickenlines, in
Big Dam Fault about 1.5 km northeast of where the position
of the fault as shown in Figure 2. View is to 290°; fault surface
dip-direction and dip are 076°/88°; slickenline orientation is
154°/83°.

Figure 8. Fault at Fords Cove, Portland Canal, with zones of
highly fractured rock and lenses of unfractured rock. View is
down; top is east. Fault dip-direction and dip are 100°/85°.



(Fig. 4). Cursory observations to the south indicated that the
rock changes from weakly, variably foliated leucocratic or
mesocratic granitic rock to strongly foliated, more mafic
granitic rock. This change, at about 55°06’ N, is the most
prominent lithological change, and is assumed to be the posi-
tion of Portland Canal Fault on the northwest shore of
Observatory Inlet (Fig. 2).

Faults west of the Portland Canal Fault

Between Hattie Island and Reef Island (Fig. 2) numerous brit-
tle fractures with polished surfaces, fault breccia and/or slick-
enlines cut granite along the northwest shore of Portland
Canal. Their age is uncertain because the extent of Tertiary
rocks is poorly defined. Where displacement can be deter-
mined from slickenlines it is generally steep, although north-
and south-plunging slickenlines were also observed. Two

Figure 9. Fractures in massive granite on northwest shore of
Observatory Inlet, 5 km southwest of Dawkins Point. View is
to north; typical dip-direction and dip of fractures are
250°%75°.
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topographic features, Halibut Bay and Sandfly Bay, parallel
these fractures and are inferred to represent eroded, highly
fractured zones. Similar north- to northwest- trending linea-
ments and brittle fault zones, including cataclasite, are pres-
ent in a 2 km wide zone that extends from Harrison Point
through the north end of Pearse Island. In this zone maroon-
and grey-weathering feldspar porphyritic dykes as well as
mafic dykes are also north to northwest trending, and are an
indication of easterly extension. Their age may constrain the
timing of faulting.

Yet further west itis again difficult to identify Miocene or
younger faults as the bedrock is predominantly orthogneiss
and paragneiss and plutonic rocks older than 50 Ma. How-
ever, at several locations young felsic dykes and stocks are
found which are similar in appearance to the feldspar porphy-
ritic dykes at the north end of Pearse Island. One concentra-
tion of felsic dykes is at the northern end of a marked
lineament that strikes north across Pearse Island; the southern
end of this lineament is in Lizard Cove, the location of the
Pirate Point pluton. With the dykes are north- to north-
northeast-striking brittle fractures and minor faults. The pres-
ence of distinctive fine-grained felsic porphyritic dykes and
the early Miocene (R. Friedman, pers. comm., 1998;
G.J. Woodsworth, pers. comm., 1998) Pirate Point pluton
along this topographic lineament suggests the lineament
marks another zone of fracturing and extension of a similar
age to those described above.

Faults between Hastings Arm and Portland Canal

Homogeneous, Tertiary, biotite-hornblende granite underlies
the region between Anyox pendant and Georgie River area.
Where not cut by dykes, joints, or faults, itis structurally mas-
sive (Fig. 10). Dykes and joints have similar orientations as
farther south (Fig. 3), with northeast-trending mafic dykes,
northwest-trending granitic dykes, and steep joints of both
orientations. The most common features are northerly trend-
ing zones a few centimetres to several metres wide of highly

Figure 10. Massive biotite-hornblende granite typical of the
Hyder pluton where not affected by brittle faults. In these
areas northeast- and northwest-trending joints are
commonly spaced a metre or more apart.
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fractured granite (Fig. 4). Less common are northerly trend-
ing zones of similar style and scale with one or a few faults
with steep quartz (and lesser calcite) slickenfibres (Fig. 4,11,
12). Other common features are moderately southwest-
dipping faults lined with chlorite with or without epidote, and
downdip slickenlines. Faults on which sense of displacement
can be determined by slickenfibres and/or offset aplite dykes
(Fig. 13) define two concentrations of normal faults dipping
steeply towards 080° and 260°. The acute angle between the
two conjugate sets is about 60° (Fig. 4), similar to the rela-
tionships displayed in outcrop in Figure 13. Together they
accommodated east-west extension. The common steeply

Figure 11. Fault zone 7 km southeast of Fords Cove.
Fractures separate blocks of massive granite of a variety of
sizes. Left of the top of the notebook and near the centre of the
photograph, a steeply dipping surface has downdip
slickenlines. View is down, top is 255°,

Figure 12. Fault zone 6 km south southeast of Fords Cove.
Granite with fractures spaced a few centimetres to 30 cm
apart, with central zone (recessive zone about 1 m left of
person) of fractures spaced 1-2 mm; within the central zone
is one quartz slickenside surface with downdip slickenfibres.
View is south. Fault zone dip-direction and dip are 070°/89°.
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dipping fractures have similar ranges in orientation as the
faults, although the strike is more variable. Other features
along faults are open-space fillings of quartz and calcite. The
brittle structures are inferred to be a result of easterly exten-
sion across the region between Hastings Arm and Portland
Canal.

Fission-track dating

Preliminary zircon and apatite fission-track analysis of 32
rock samples from the Coast Belt, east of Portland Inlet and
Portland Canal (from between 128°00 and 130°15’W, and
54°35’ and 56°15°N), suggest that this area has experienced
at least four major periods of rapid cooling during Cenozoic
time. Of interest to this topic are the sea-level fission-track
ages from the southeast side of Observatory Inlet and Alice
Arm (Fig. 2). The apatite fission-track ages for these samples
are from 10 to 5 Ma, and the zircon fission-track ages range
from 47 to 19 Ma.

Both apatite and zircon fission-track ages from west of the
Portland Canal Fault are younger than those from east of the
fault. The difference in age is consistent with east-side-down
displacement on the Portland Canal Fault; if the fault was
responsible for the difference, then at least some motion
occurred after ca. 5 Ma.

Apatite fission-track ages from east of the Big Dam Fault
(ca. 8 Ma) are similar to those between the Portland Canal and
Big Dam faults; the similarity indicates either that motion on
the Big Dam Fault occurred before ca. 8 Ma, or the magnitude
of the displacement was insufficient to have an effect on the
apatite fission-track ages. Zircon fission-track ages from east
of the Big Dam Fault are not yet available.

Because all of the samples analyzed are from the south-
east side of Portland and Observatory inlets, samples were
collected from northwest of the inlets during the 1998 field
season. Fission-track age and track length data and the

- detailed interpretation of these data will be published once the

northwestern samples have been analyzed.

Figure 13. Faults cutting aplite dyke, 13 km east of Fords
Cove.



SUMMARY OF TERTIARY STRUCTURES

Three ages of Tertiary structures can be distinguished. Two
are early Tertiary (Eocene), and are expressed as two distinct
orientations and compositions of dykes which are parallel
with major joints and lineament trends. Granitic dykes are
older (ca. 52 Ma) and northwest trending; gabbroic dykes are
younger (ca. 39-38 Ma) and northeast trending. They record
geographically restricted early Tertiary (Eocene) northeast-
erly extension (parallel with other swarms in the region) fol-
lowed by regional early Tertiary (Eocene) northwesterly
extension. The dykes and parallel joints account for the vast
majority of lineaments in Tertiary rocks east and west of
Hastings Arm and Observatory Inlet.

Along, and west of, Hastings Arm and northern Observa-
tory Inlet, northerly trending lineaments are present in addi-
tion to the northeast- and northwest-trending ones noted
above. They are parallel with steeply dipping, northerly
trending (350°) brittle faults and fractures which cut early
Tertiary and older rocks. Faults are common, but only two
can be demonstrated to have accommodated significant dis-
placement. The Big Dam Fault is a brittle fault zone 2 km
wide which cuts granite ranging in age from ca. 61-53 Ma in
Observatory Inlet. Offset contacts in Anyox pendant indicate
west-side-down displacement. Farther west, the Portland
Canal Fault separates migmatitic granitoid rocks and ca.
22 Ma massive granite on the west from greenschist facies
rocks, massive ca. 60—58 Ma granite, and ca. 22 Ma volcanic
rocks on the east. The difference in metamorphic grade, and
position of volcanic rocks about 520 m above a coeval, and
assumed comagmatic pluton, requires that Portland Canal
Fault is an east-side-down fault postdating 22 Ma. Prelimi-
nary fission-track data permit speculation that some displace-
ment may be younger than 5 Ma. Parallel faults in early
Tertiary granite between northerly projections of the two
faults are steeply east and west dipping and extensional. Dip
directions of the Big Dam and Portland Canal faults are
unknown, but the faults are assumed to be related to the other
faults of similar character postdating the early Tertiary, and
therefore extensional. If that assumption is correct, the region
in and west of Observatory Inlet and Hastings Arm appears to
have common Miocene or younger brittle faults which
accommodated east-west extension. Preliminary observa-
tions on features west of the Portland Canal Fault suggest the
Miocene faulting, extension, and associated igneous activity
may extend across the entire Central Gneiss Complex. The
Portland Canal Fault is approximately in the plane of the
ACCRETE seismic survey for at least 20 km, perhaps 50 km,
and crosses the survey line in at least two places. Similar
faults have been documented farther west which obliquely
intersect the seismic line.

C.A. Evenchick et al.
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Geology of the Georgie River area of northwest
Nass River map area, northwestern
British Columbia
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Evenchick, C.A. and Snyder, L.D., 1999: Geology of the Georgie River area of northwest Nass
River map area, northwestern British Columbia; in Current Research 1999-A; Geological Survey
of Canada, p. 13-23.

Abstract: Georgie River area (northwest 103 P) is underlain by volcanic flows, clastic rocks, and intrus-
ive rocks. Primary volcanic rocks include pyroxene-porphyritic flows, feldspar-porphyritic flows, and
rhyolite. Derived from these is a large volume of poorly sorted, massive, volcanic conglomerate and sand-
stone. A map unit of pyritic, black siltstone and shale is associated with rhyolite flows. Stratified units are
assumed to be Hazelton Group. Volcaniclastic rocks are cut by Early Jurassic hornblende-biotite granodio-
rite, and plagioclase-porphyritic quartz monzonite assumed to be Jurassic. Stratified rocks are greenschist
facies with commuon biotite hornfels overprint. Deformation in most places is brittle, but zones of ductile
deformation are also present. All units are intruded by Tertiary granitic and mafic dykes.

Résumé : La région de la riviére Georgie (103 P nord-ouest) comporte des coulées volcaniques, des
roches clastiques et des roches intrusives. Les roches volcaniques primaires comprennent des coulées & phé-
nocristaux de pyroxéne, des coulées & phénocristaux de feldspath et de larhyolite. D’importants volumes de
gres et de conglomérats volcaniques massifs, mal classés, en sont dérivés. Une unité cartographique de
shale et de siltstone noirs pyriteux est associée a des coulées de rhyolite. Les unités stratifiées font vraisem-
blablement partie du Groupe de Hazelton. Les roches volcanoclastiques sont recoupées par de la granodio-
rite & hornblende et biotite du Jurassique précoce et par de la monzonite quartzique a phénocristaux de
plagioclase d’dge supposé jurassique. Les roches stratifiées sont du faci¢s des schistes verts avec surimpres-
sion de cornéennes a biotite. Dans la plupart des cas, la déformation est cassante, mais on rencontre égale-
ment des zones de déformation ductile. Toutes les unités sont recoupées par des dykes granitiques et
mafiques du Tertiaire.

! Department of Geology, University of Wisconsin — Eau Claire, Eau Claire, Wisconsin 54702-4004
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INTRODUCTION

This study of the Georgie River area (parts of NTS maps
103-0/9, 103-0/16, 103 P/12, and 103 P/13) is part of a multi-
year regional mapping project designed to increase under-
standing of the geology in Nass River (103 P) map area, and to
compile the first 1:250 000 scale map of the area from more
detailed maps. Background on the project goals is found in
Evenchick and Mustard (1996). Results of recent mapping
are in Evenchick (1996a, b, ¢), Evenchick and Holm (1997),
Evenchick et al. (1997), Haggart et al. (1998), and McCuaig
(1997).

In 1998 the goals were to 1) map the Georgie River pen-
dant and outline its stratigraphic and structural framework,
and 2) map the area between Georgie River and Anyox pen-
dants (see Evenchick et al., 1999).

Regional geology and previous work

An overview of the regional geology and previous work in
Nass River area is found in Evenchick and Mustard (1996).
Most bedrock is divided into three broad groups (Fig. 1):
1) Triassic and Lower to Middle Jurassic rocks of Stikinia;
2) Middle Jurassic to Lower Cretaceous rocks of the Bowser
Basin; and 3) Mesozoic and Cenozoic granitoid rocks of the
Coast Belt. Minor constituents are Cretaceous rocks of the
Skeena Group, Upper Tertiary and Quaternary volcanic
rocks, and metamorphic rocks of unknown age.

In a reconnaissance survey of Stikinia west of the Bowser
Basin, Grove (1986) correlated all strata in the Georgie River
area with the Unuk River Formation, a dominantly grey-
weathering volcaniclastic unit in the lower part of the Hazelton
Group. He outlined one belt of cataclastic rocks and depicted
the stratified rocks as a pendant within Tertiary granitoid
rocks.

STRATIGRAPHY AND STRUCTURE

Introduction

The Georgie River area is underlain by volcanic, volcaniclas-
tic, and sedimentary rocks, and Mesozoic and Cenozoic plu-
tonic rocks (Fig. 2). Stratified rocks are greenschist facies,
and are faulted and locally penetratively deformed. The best
exposed areas are described below.

Mount Guanton

North and northwest ridges of Mount Guanton are underlain
by volcaniclastic rocks. Most (~60%) are green- , grey-, and
rarely maroon-weathering, heterolithic, poorly sorted,
matrix-supported, massive volcanic conglomerate (Fig. 3);
bedding is rare. Rounded to subrounded clasts range in size
from 1 cm to greater than 1 m and consist of texturally varied
plagioclasetamphibole-porphyritic volcanic, and possibly
plutonic rocks. Conglomerate matrix is coarse- to
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Figure 1. Location of Nass River (103 P) map area and its
major geological elements. Areas discussed in report are
outlined in inset.
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fine-grained sand compositionally similar to the clasts, with
20-40% angular to subrounded plagioclase crystals, 15-20%
mafic mineral fragments, and rare quartz. Approximately
20% of volcanic conglomerate is monolithic, suggesting deri-
vation from a single eruptive event. Poor sorting, lack of bed-
ding, and matrix-supported nature are inferred to indicate
deposition as proximal debris flows.

Conglomerate units metres to tens of metres thick are
interbedded with lesser amounts of green-grey-weathering,
medium- to coarse-grained, immature, feldspathic, volcanic
sandstone. Sandstone makes up about 35% of exposure and is
poorly to moderately well sorted and massive to vaguely bed-
ded. It contains up to 30% saussuritized or epidotized feldspar
that is commonly angular to subangular, suggesting rapid
deposition from a nearby source. Rusty- or grey-weathering,
thinly bedded to laminated, fine sandstone or siltstone with
rare thin siliceous (tuffaceous?) beds and graded or convo-
luted bedding make up 5% of the succession and probably
represent distal turbidite deposits.

Andesitic crystal tuff at least 50 m thick on the northwest
side of Mount Guanton contains 30% 1-3 mm subhedral pla-
gioclase crystals and 10% 2 mm tol cm acicular amphibole
crystals. It stratigraphically overlies maroon- and grey-
weathering volcanic conglomerate, and, near the base,
amphibole crystals are aligned parallel with the contact; sub-
tle contact-parallel layering is common (Fig. 4). The lower
contact is concave, resulting from postdepositional folding,
or topographic control on deposition. Texture and composi-
tion of the tuff are similar to some of the clasts in the volcanic
conglomerate and the Outram Lake porphyry (described
below).

Overlying the volcaniclastic succession is a dark-rusty-
weathering unit, 80% of which is pyritic siltstone and very
fine-grained sandstone, in laminated or thin to medium mas-
sive beds. Characteristic dark rusty weathering is a result of
abundant, disseminated, 0.5 mm, euhedral pyrite cubes or
amorphous pyrite blebs along bedding planes and fractures.

Figure 3. Massive, poorly sorted, matrix-supported, volcanic
conglomerate, common north of the southern belt of siltstone
and rhyolite. North ridge of Mount Guanton.
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Figure 4. Plagioclase-amphibole crystal tuff overlying vol-
canic conglomerate, northwest of Mount Guanton.

Minor constituents in the unit are 10% medium-grained
massive and parallel-bedded volcanic sandstone, and 5%
light-grey- to white-weathering, siliceous, thinly bedded or
laminated siltstone and fine-grained sandstone. Finer grained
units exhibit convolute and rare graded bedding and are
probably distal turbidite deposits. Conglomerate, in beds a
few metres thick, makes up less than 1% of the unit. It is clast
supported and consists dominantly of light and dark
grey rounded and angular clasts of either chert or aphanitic
rhyolite.

Volcaniclastic rocks have brittle faults and rare foliation.
In the rusty siltstone unit, several fault zones subparallel with
bedding result in highly chaotic fault zones; minor folds with
wavelengths of a few centimetres are rare, and changes in ver-
gence suggest larger scale folds. Isoclinal folds with
southwest-dipping axial surfaces are exposed on the south-
west ridge of Mount Guanton. Quartz veins are ubiquitous
and epidote alteration is locally abundant.

The clastic units are inferred to be intruded by a quartz
monzonite, the Outram Lake porphyry (named informally
herein). Near Outram Lake, it consists of 15-20% plagio-
clase, rarely as megacrysts up to 4 cm, 5-15% 3 mm to 1 cm
amphibole phenocrysts, and 5-8% quartz (Fig. 2, 5). Plagio-
clase megacrysts are commonly poikilitic with mafic mineral
trains along the growth planes. The matrix is fine grained and
dark grey on fresh surfaces. To the southeast, the unit is less
megacrystic and quartz phenocrysts decrease in abundance.
Near the southeast contact, numerous dykes and pod-shaped
bodies of various felsic and intermediate compositions and
textures crosscut volcaniclastic rocks. Tabular bodies, possi-
bly dykes or sills, of similar composition cut volcaniclastic
rocks farther south.

North of Carr Ridge

The peak north of Carr Ridge (Fig. 2) is mainly rusty-
weathering pyritic siltstone and rhyolite. Minor rocks include
andesite flows, volcanic conglomerate, and sandstone. Lower
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Figure 5. Megacrystic quartz monzonite of the Outram Lake
porphyry. Mouth of Outram Lake.

greenschist-facies metamorphism is overprinted by biotite
hornfels. Isoclinal folding and penetrative foliation are com-
mon in siltstone, but rare in other rocks, which have numerous
brittle faults.

Structurally lowest on the east ridge is a mixed unit of vol-
caniclastic rocks, minor siltstone, and rhyolite. Volcaniclas-
tic rocks are generally massive, poorly sorted sandstone to
pebble conglomerate, with abundant felsite volcanic clasts,
and locally abundant diorite cobbles. The mixed unit is over-
lain by rusty-weathering siltstone and shale with a structural
thickness of about 200 m. Siltstone varies from massive to
phyllitic and spotted, and locally has mesoscopic isoclinal
folds. It includes rare carbonate pods and lenses, and is over-
lain by a unit of massive volcanic sandstone and conglomer-
ate. The latter is overlain by eutaxitic felsic lithic tuff,
followed by heterogeneous rhyolite with flow lamination,
breccia, and spherulites.

On the west ridge, a similar succession has pyritic silt-
stone and shale cut by pyritic felsite dykes, structurally over-
lain by 10 m of flow-layered, brecciated, spherulitic rhyolite,
massive volcanic sandstone interbedded with minor fine-
grained clastic rocks, and andesitic flow rock. This lower,
mainly clastic, succession is overlain by a thick unit of hetero-
geneous rhyolite with flow layering, spherulites, breccia, vol-
canic conglomerate, and interbedded sedimentary rocks,
similar to the rhyolite described above. The base of the thick
rhyolite is dominated by massive rhyolite and monolithic
breccia to conglomerate. Angular to rounded rhyolite clasts
have a green-weathering, recrystallized matrix. The abun-
dance of fragmental rhyolite, geometry of the succession, and
morphology of the fragments and matrix is suggestive of a
hyaloclastite breccia dome. Upsection to the south, texture of
the rhyolite is dominated by consistent flow lamination with
minor breccia and no spherulites. It is sparsely quartz-, feld-
spar-, or amphibole-phyric, with phenocrysts up to 1 mm.
Breccias include in situ breccia with unrotated clasts (Fig. 6),
and thin layers of flow breccia. Within the rhyolite unit is a
fault sliver of andesite flow rock. The steeply south-dipping
rhyolite unit is at least 1 km thick.

C.A. Evenchick and L.D. Snyder

Figure 6. In situ breccia in rhyolite north of Carr Ridge. Note
consistent orientation of flow lamination in clasts.

Stratigraphic facing can be inferred low in the mixed vol-
canic clastic/siltstone/rhyolite succession, where fine-
grained clastic material has filled open spaces in a thin, rhyo-
litic, flow breccia, indicating that strata are upright. Facing
can also be inferred structurally higher, in the thick rhyolite
unit. The lower part changes southward and up, from massive
flow rocks to more common resedimented rhyolite (shown by
breccias and conglomerates), indicating that the rocks are upright.

Assuming that the siltstone unit is internally deformed,
but the overall stratigraphic succession not disturbed, the sec-
tion is as follows. The base is a mixed unit of volcanic con-
glomerate and siltstone, with small rhyolite domes. It is
overlain by pyritic shale and siltstone with a structural thick-
ness of at least 200 m. These lower units have thin lenses of
carbonate, rare rhyolite flows(?), and felsite dykes. The silt-
stone unit is overlain by volcanic sandstone and conglomer-
ate which is thicker on the northeast; on the southwest, a few
tens of metres of rhyolite lie between the siltstone and the vol-
canic sandstone. The lower clastic units with minor rhyolite
are overlain by a succession of rhyolite more than 1 km thick,
which is locally underlain by thin eutaxitic tuff. The base of
the rhyolite is heterogeneous, with massive flow rocks, flow
layering, monolithic breccia, and spherulites. Interbedded
sedimentary rocks occur higher in the succession, and the
upper part is flow laminated, with lesser breccia, including in
situ breccia. The overall character is indicative of a hyaloclas-
tite breccia dome.

The succession is inferred to represent a period dominated
by coarse volcaniclastic input followed by relatively distal
shale/siltstone deposition, with minor rhyolite flows. This
was followed by more proximal volcanic input as debris
flows (sandstone, conglomerate), and finally development of
athick rhyolite dome. Tuff at the base of the rhyolite indicates
subaerial or shallow marine deposition, and sandstone and
conglomerate within the rhyolite as well as in situ breccia are
indicative of submarine deposition.
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Rusty-weathering pyritic siltstone and shale is similar to
that at Mount Guanton; at both places it overlies a unit of vol-
canic conglomerate. The thick rhyolite unit does not appear
elsewhere, but thinner rhyolite is associated with rusty-
weathering siltstone south of Ashwood Lake.

Mount Brown

Underlying the southern ridges of Mount Brown (Fig. 2)is a
succession of volcaniclastic rocks intruded by rocks similar
to the Outram Lake porphyry. The upper slopes of the moun-
tain are dominantly rusty- to green-weathering, heterolithic,
poorly sorted, unbedded, matrix-supported volcanic con-
glomerate. Clasts range from 1 cm to greater than 1 m, and
consist largely of light- and dark-grey-weathering, coarsely
porphyritic or coarse-grained, plagioclase- and amphibole-
rich volcanic rocks. The matrix is coarse- to medium-grained
sandstone with angular to subangular feldspar and mafic min-
eral crystals and fragments, and up to 5% quartz; dissemi-
nated pyrite is locally abundant and results in rusty
weathering. Minor coarse sandy interbeds and thin- to
medium-bedded feldspathic sandstone units 1 m thick are
also present. These coarse-grained volcaniclastic rocks repre-
sent proximal debris-flow deposits.

Conglomerate exposed on the major south-trending ridge
north of Outram Lake is intruded by tabular and pod-shaped
bodies of porphyritic to sparsely feldspar-megacrystic
quartz-amphibole-plagioclase porphyry. Phenocryst content
is 20—-25% plagioclase, 10-15% amphibole, locally with sub-
parallel alignment, and 5—8% quartz. This unit is tentatively
correlated with the Outram Lake porphyry. Many clasts in the
volcanic conglomerate are similar in texture and composition
to these intrusive rocks; they are evenly distributed through-
out the conglomerate and the contact between the units is
intrusive. The pluton may have been a source for extrusive
rocks of similar composition and texture which then became
fragments in the conglomerate.

Farther south along the south-trending ridge, clasts and
matrix of the volcaniclastic rocks decrease in size. Clasts are
aphyric to mildly plagioclasetamphibole porphyritic, and the
matrix is a fine- to medium-grained feldspathic sandstone.
This ‘fining’ trend continues south where conglomerate
becomes subordinate in volume to volcanic sandstone. Sand-
stones are green-grey-weathering, fine to medium grained,
unbedded or weakly bedded, moderately to well sorted, and
contain at Jeast 10~15% angular to subangular feldspar,
5-15% mafic component (most likely amphibole) and 0-5%
quartz. Thinly bedded to laminated fine-grained sandstone
and siltstone units are rare. They are Ty, Topg, and Tpcg
turbidites in intervals no more than 10 m thick, which locally
exhibit graded bedding and synsedimentary deformation
structures. Disseminated pyrite cubes occur throughout much
of the volcanic sandstone and siltstone sequence.

The western ridge of Mount Brown is composed mainly
of green-weathering, coarsely pyroxene-porphyritic basalt
flows and associated pyroxene-rich volcaniclastic rocks.
Flow rocks dominate in the central portion of the ridge. They
contain 5-20% 1 mm to 1 cm euhedral to subhedral pyroxene
phenocrysts, and, locally, 5-10% 1-2 mm plagioclase
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phenocrysts in a finely crystalline groundmass. They are usu-
ally homogeneous and massive, but are occasionally pil-
lowed or exhibit crude flow layering defined by aligned
pyroxene phenocrysts. The rocks are rarely amygdaloidal and
flow breccia is a minor constituent. Locally, the flow succes-
sion contains fine-grained sedimentary rock inclusions up to
10 cm across. Fine-grained sedimentary interbeds make up
less than 1% of the flow-dominated succession. Minor
amounts of andesitic flow rocks occur mainly in the south-
west. They are grey weathering, massive to rarely pillowed,
and range from aphanitic to plagioclase or plagioclase and
pyroxene porphyritic. Southwest of the primary volcanic suc-
cession, flow rocks are interlayered with units 5-10 m thick
of coarse volcanic conglomerate (clasts up to 25 cm), pebbly
conglomerate, and sandstone. Most volcaniclastic rocks are
distinctly pyroxene rich (Fig. 7), indicating derivation
directly from the adjacent flow rocks. Lesser amounts of
rusty-weathering, thinly bedded to rarely laminated, feld-
spathic, fine- to medium-grained volcanic sandstones are also
interbedded with the more mafic clastic material. Rare, silic-
eous, fine-grained beds may represent felsic tuff deposits. At
the southernmost end of the ridge, clastic rocks increase in
abundance, and at least 15% of the exposure is clastic units
10-15 m thick; they are interbedded with mafic and interme-
diate flow rocks.

The Mount Brown area exhibits abundant brittle deforma-
tion features, including fractures in a wide range of orienta-
tions, seams of cataclasite, and brittle faults. Zones of foliated
rock and ductile shear zones are rare. The Outram Lake por-
phyry has anastomosing thin shear zones with chlorite. Near
the peak of Mount Brown, penetrative fabric is absent, but
elsewhere, and particularly to the south, foliation is common.
Tertiary granitic dykes are common.

Figure 7. Bedded immature pyroxene sandstone on the
southwest ridge of Mount Brown. It is spatially associated
with massive pyroxene flows and debris-flow conglomerate.



Colling Ridge

The north, central, and south parts of Colling Ridge (Fig. 2)
have different proportions and types of volcanic flows, vol-
canogenic sedimentary rocks, and intrusive rocks. Northern
Colling Ridge is underlain by volcaniclastic and volcano-
genic sedimentary rocks intercalated with thin pyroxene-
phyric mafic flows and a few tuffs, and tabular and pod-
shaped intrusions of rhyolite. Rhyolite is alkali-feldspar
megacrystic to strongly porphyritic, with 5% quartz pheno-
crysts up to 3 mm, 10-15% feldspar phenocrysts 1-10 mm
(Fig. 8), and common inclusions of sedimentary rock up to
0.5 m across. Dykes and sills locally comprise up to 50% of
outcrop. Tabular rhyolitic bodies vary from a few metres to at
least 20 m x 80 m, are pyritic and have minor breccia.
Coarse-grained sedimentary rocks vary from heterolithic vol-
canic, to lithic pebble to cobble conglomerate. Conglomerate
is poorly sorted and most likely represents debris-flow
deposits; limestone clasts in one flow are indicative of
shallow-marine conditions. One well preserved 20 m section
of volcaniclastic rock fines upward from several metres of
massive, poorly sorted conglomerate, to fine pebble con-
glomerate, medium-grained sandstone, and finally to inter~
bedded medium-grained sandstone and siltstone. Elsewhere,
1-2 m of massive sandstone alternates with similar thick-
nesses of thin well bedded sandstone and siltstone; these
deposits are interpreted as turbidites. Sandstones are gener-
ally well sorted, feldspathic, and massive or rarely bedded.
Siliceous grey-black-rusty siltstone and fine-grained sand-
stone constitute less than 10% of the clastic succession.

Strata on central Colling Ridge have many similarities
with those farther north, but rhyolite is minor and sandstone is
abundant. Pyroxene-phyric basalt or andesite flows and flow
breccias form units less than 10 m thick. They have up to 10%
pyroxene phenocrysts in a fine-grained or aphanitic matrix.
Rare plagioclase-phyric andesite flows and debris flows are
also present. Quartz-feldspar-porphyritic rhyolite intrusions
occur as 1 or 2 units less than 5 m thick. Volcanic sandstone is
medium- and coarse-grained, massive feldspathic wacke to
pebbly sandstone with abundant feldspar crystals. Bedding is
rare. Siltstone, fine-grained sandstone, chlorite phyllite, and
psammitic fine-grained sandstone are minor constituents.

Southern Colling Ridge has some of the features
described above, but flows and conglomerate are more abun-
dant; fine- and medium-grained clastics are minor; and rhyo-
lite is absent. Plagioclase-porphyritic and aphyric andesite
flows include rare pillowed flows and thick massive flows;
both are interbedded with minor, thin, fine-grained clastic
rocks. Massive pyroxene-phyric basalt flows have pheno-
crysts 1 mm to 1 cm long which constitute up to 25% of the
rock. Flows decrease in proportion from more than 80% in the
north, to less than 10% in the south, where they are less than
10 m thick. Massive, matrix-supported, and poorly sorted
volcanic conglomerate dominates the southern section. It is
both monolithic, made of pyroxene-phyric volcanic clasts
1-20 cm across, and heterolithic, made of plagioclase-,
plagioclase+pyroxene-, and pyroxene-phyric clasts.

C.A. Evenchick and L.D. Snyder

In summary, Colling Ridge is underlain by interbedded
volcanic and volcaniclastic rocks intruded by feldspar- and
quartz-phyric rhyolite. Flows are pyroxene-phyric basalt or
andesite, and plagioclase-phyric andesite. Most are massive,
but rare pillowed plagioclase-phyric flows occur in the south.
Flows are commonly less than 10 m thick; in the north they
make upless than 10% of outcrop, and in the south up to 90%.
Debris-flow conglomerate and flow breccia derived from
both types of flows are common, and in the south make up
80% of outcrop. Massive, immature feldspathic sandstone in
units at least 10 m thick is common in the north and is locally
interbedded on the scale of several metres with thin-bedded
fine-grained sandstone. Fine-grained sandstone and siltstone
constitute less than 10% of the succession. Porphyritic rhyo-
lite intrusions are common in the north, rare in the central
area, and absent in the south. All areas have similar structural
style, with zones tens to hundreds of metres wide of little orno
penetrative deformation (in massive sandstone, conglomer-
ate, and rhyolite). Similar-scale zones of weak to strong pene-
trative foliation locally obscure all primary features, and are
typically in finer grained clastic rocks, and locally in sand-
stone, debris flows, and volcanic flows. Foliation is defined
by flattened clasts, orientation of platy minerals, and crenula-
tion cleavage. Transposition, boudinage of rhyolite, crenula-
tion cleavage, and tight to isoclinal folding of foliation occur
in the central area (Fig. 9). The latter indicates either
polyphase deformation or progressive deformation. North-
and northwest-trending brittle faults are common, and offset
Tertiary dykes. Greenschist-facies metamorphism is every-
where overprinted by hornfels. Massive and brecciated
quartz veins and Tertiary dykes are common, as are dissemi-
nated sulphides.

Figure 8. Intrusive contact between fine-grained sandstone
and siltstone (lower), and K-feldspar-and quartz-porphyritic
rhyolite (upper). Bedding in siltstone dips gently to right, par-
allel with the surface the hammer head is on. Northern
Colling Ridge.
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Figure 9. Folds of foliation in phyllite on central Colling
Ridge.

Strata in the south are somewhat similar to those east of
Georgie River, but pyroxene flows are less common on
Colling Ridge. In both places pyroxene-phyric and
plagioclase-phyric flows are interbedded with minor fine-
grained clastic rocks. Rhyolite intrusions are unique to the
northern part of Colling Ridge, but are possibly related to the
thick rhyolite succession north of Carr Ridge. As at Mount
Brown, common flows, and flow breccias and a thick succes-
sion of immature, feldspathic, medium- and coarse-grained
volcaniclastic rocks (debris flows) indicate proximity to an
andesitic or basaltic volcanic centre. Rare pillows indicate
submarine deposition, as do rare interbedded fine-grained
clastic rocks presumably deposited during times of volcanic
quiescence.

Bulldog Creek

The ridge south of Bulldog Creek (Fig. 2) is underlain by
medium-grained, equigranular to slightly porphyritic,
biotite-hornblende granodiorite to quartz monzonite. Biotite
constitutes 5% of the rock and hornblende 10%. Both are
chloritized, and plagioclase is saussuritized. The rock is
white-, tan-, grey-, or green-weathering with dark green frac-
ture surfaces and fine-grained green and pink groundmass; it
is locally pyritic. Granodiorite is homogeneous, with some
leucocratic aplitic zones and minor fine-grained zones; epi-
dote veins with chlorite and local, weak, K-feldspar alteration
envelopes up to several centimetres wide are ubiquitous.
Cataclastic fault zones millimetres to several metres wide are
common (Fig. 10), and rare semiductile shear zones less than
afew centimetres wide are present. The rock is lithologically
similar to the Bulldog Creek pluton north of Bulldog Creek,
whichis 181 + 8 Ma (K-Aron hornblende, Greig et al., 1995).

A small pendant within the pluton consists of a white-
weathering, siliceous (possibly tuffaceous) clastic succession
at least 50 m thick. It is dominated by massive medium-and
coarse-grained siliceous sandstone to quartzofeldspathic
wacke. Siltstone and fine-grained sandstone are massive, or,
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Figure 10. Fault breccia in the Bulldog Creek pluton, south
of Bulldog Creek.

less commonly, thin bedded, laminated, and crosslaminated,
with disseminated pyrite cubes. Brittle fault zones and fault
breccia are common.

TERTIARY IGNEOUS ROCKS

The rocks described above are bounded on the south by
Tertiary plutonic rocks of the Coast Belt. Rocks of this suite
also form a stock southwest of Mount Brown. They are equi-
granular, porphyritic or slightly K-feldspar-megacrystic, bio-
titethornblende granite and granodiorite. Potassium-argon
age determination on biotite from granitic rocks to the east
and northeast are 48.3 £ 2.6, 50.5 £ 2.4, and 51.9 £ 2.6 Ma
(Greig et al., 1995). Uranium-lead age determinations on
Tertiary granitic rocks east of the Anyox area range from 53
to 61 Ma (V. McNicoll, unpub. data, 1998).

Stratified rocks are also cut by abundant dykes 1-25 m
wide of similar texture, freshness, and composition to the
larger bodies. White-, cream-, or rusty-weathering dykes
strike northwest, and are fine- to coarse-grained, equigranular
to porphyritic, biotite, hornblende, or biotite+hornblende
granite, granodiorite, quartz monzonite, and monzodiorite.
Porphyritic rhyolite dykes on Mount Brown are unaltered,
and contain a few per cent biotite, 5% K-feldspar, and 8-10%
2-5 mm quartz phenocrysts in a finely crystalline ground-
mass. Brown- and green-weathering, aphyric to plagioclaset
pyroxene-porphyritic, mafic dykes with chilled margins are
common throughout Georgie River area; most strike north-
east (Fig. 11). Both suites of dykes are cut by brittle faults.

STRUCTURE

Pre-Tertiary rocks display brittle deformation and local duc-
tile deformation features. Rocks are folded on mesoscopic
and larger scale, but the lack of bedding in most areas
generally precludes identification of large-scale folds,
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although poles to bedding indicate west-northwest-trending
folds. Exceptions are north of Carr Ridge, where folds can be
observed, and bedding defines west-northwest-trending folds
(Fig. 11), and isoclinal folds on Mount Guanton. Brittle
deformation features include thin cataclasite seams to wide
fault breccia zones, in addition to narrow faults with slicken-
lines (slickenside lineations). Most are steeply dipping
(Fig. 11). North-trending, steep, dip-slip faults common in
Tertiary granite farther south (Evenchick et al., 1999) are
apparent. At the Georgia River mine on Colling Ridge, min-
eralization is associated with north-trending faults (Alldrick
et al., 1996). Based on Pb isotope data, Alldrick et al. (1996)
speculated that gold-bearing northwest- and north-trending
veins are Tertiary. Recognition that north-trending faults are
probably younger than 22 Ma (see Evenchick etal., 1999) fur-
ther constrains the age of mineralization. Foliated rocks occur
sporadically throughout the area, but are most common on
Colling Ridge and the two ridges east of Georgie River and
west of Mount Brown. There, zones of strongly foliated rock
tens to hundreds of metres wide are separated by zones with
little or no apparent penetrative fabric. Foliation is commonly
steep and northwest trending (Fig. 11). Features include
boudinage, intense foliation, crenulation cleavage, and tight
folds of foliation. Farther east, structures are brittle, except
for rare thin shear zones. The Bulldog Creek pluton is charac-
terized by common fault-breccia zones.

COMPARISON WITH THE ANYOX PENDANT

The primary lithological similarity between Georgie River
area and Anyox pendant is the presence of feldspar-phyric
flows, although in Anyox pendant they are more abundant,
and commonly pillowed. Volcaniclastic rocks in Anyox pen-
dant are subordinate and are generally fine- and medium-
grained mature sandstone, whereas in Georgie River area
they are mainly volcanic conglomerate to coarse-grained
immature sandstone. Large numbers of gabbroic sills and/or
dykes characteristic of Anyox pendant, and Devonian mafic
intrusive complexes are absent in Georgie River area, and
Anyox pendant does not include significant amounts of
pyritic siltstone or thick accumulations of rhyolite or
pyroxene-phyric flows. Both areas are at greenschist-facies
metamorphism, but Anyox pendant locally reaches upper
greenschist to lower amphibolite facies. Both areas include
zones of brittle and ductile deformation, and strain is concen-
trated in anastomosing zones surrounding areas of unstrained
or weakly strained rock. Ductile deformation is significantly
more common in Anyox pendant.

SUMMARY

Several distinctive lithological units occur in the Georgie
River area. Previous maps depict the rocks as a pendant
within Tertiary granite of the Coast Belt (Grove, 1986). Con-
tinuation of the Bulldog Creek pluton south into areas for-
merly considered to be Tertiary granite illustrates that strata

22

in the Georgie River area are contiguous with those surround-
ing the Cambria Icefield (Greig et al., 1995), and are not an
isolated pendant.

Stratified rocks are dominantly volcanic flows and vol-
caniclastic rocks derived from primary volcanic rocks. They
include large volumes of poorly sorted, matrix-supported,
unbedded, volcanic conglomerate with an immature,
medium- and coarse-grained sandstone matrix. The coarse
volcaniclastic rocks are commonly interbedded with poorly
sorted, immature, coarse- and fine-grained sandstone, or with
intermediate to mafic flow rock. In most areas, the composi-
tion of the flows is similar to the volcaniclastic rocks. Tex-
tures and relationships indicate proximity to source areas for
the volcaniclastic rocks and that material was derived directly
from primary volcanic rocks and deposited as debris flows.
Fine-grained and bedded sedimentary units intercalated with
the coarser grained rocks represent periods of local quiesc-
ence and more distal turbidite deposition.

Mafic mineral component varies significantly. Some
rocks contain almost exclusively hornblende, whereas other
areas are pyrite rich. This holds true for both the primary vol-
canic and volcaniclastic rocks found in a given area. In addi-
tion, compositional and textural similarities between some of
the extrusive rocks and the plutonic rocks (e.g. Outram Lake
porphyry, Bulldog Creek pluton) suggest that there may have
been coeval plutonism.

Correlation between areas is possible in a few cases.
North of Carr Ridge and at Mount Guanton rusty-weathering
pyritic siltstone overlies a unit of coarse volcaniclastic rocks,
and is associated with rhyolite flows. A plutonic unit, the
Outram Lake porphyry, occurs in the Mount Guanton and
Mount Brown areas; it is assumed to be Mesozoic because of
the degree of alteration. Lastly, the pyroxene-porphyritic
basalt flow and volcaniclastic sequence occurs in a belt from
the southwestern ridge of Mount Brown to southern Colling
Ridge. Rocks in the Georgie River map area are tentatively
correlated with the Lower to Middle Jurassic Hazelton Group
based on lithology. Correlation of north-trending faults at
Georgie River mine with similar structures farther south leads
to speculation that the age of gold mineralization is younger
than 22 Ma.
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Abstract: Drilling and geophysical logging were used to delineate basin stratigraphy and glacial history
in part of the Nass Valley, northwestern British Columbia. The stratigraphic succession from oldest to
youngest comprises subglacial lodgement till, interbedded proximal glaciomarine subaqueous outwash,
distal glaciomarine silty clay, and glaciofluvial braidplain gravel. Fan delta deposits may be present locally.
Glacial history was inferred from this succession. First, ice flow in the valley deposited till. Later, during
deglaciation, marine water invaded the isostatically depressed valley, setting the stage for proximal to distal
glaciomarine sedimentation that followed a retreating tidewater glacier front. Fan delta deposition from
valley sides may have contributed coarse debris to distal glaciomarine environments at this time. Subse-
quently, ice left the valley entirely and sea level dropped. Meltwater rivers incised the exposed glacioma-
rine clay, forming two large sandurs. Sea level then dropped to its present position and postglacial stream
incision began.

Résumé : La stratigraphie des bassins et I’ histoire glaciaire d’une partie de la vallée de la riviére Nass,
dans le nord-ouest de la Colombie-Britannique, ont été définies & I’aide de sondages et de diagraphies géo-
physiques. La succession stratigraphique est la suivante, des roches les plus anciennes au plus récentes : till
de fond sous-glaciaire; dépdts d’épandage fluvioglaciaire interstratifiés, subaquatiques, glaciomarins,
proximaux; argile silteuse glaciomarine distale; et gravier fluvioglaciaire de plaine anastomosée. Des dépdts
de delta alluvionnaire peuvent étre présents par endroits. Cette succession traduirait I’histoire glaciaire
suivante. D’abord, des écoulements glaciaires ont déposé du till dans la vallée. Plus tard, au cours de la dé-
glaciation, la vallée, déprimée isostatiquement, a ét€ envahie par I’eau de la mer, ce qui a préparé la voie a la
sédimentation glaciomarine proximale 2 distale qui a suivi le recul du front du glacier de marée. A ce stade,
les dépbts de delta alluvionnaire provenant des versants de la vallée auraient contribués des matériaux détri-
tiques grossiers aux milieux glaciomarins distaux. Puis, 1a glace s’est retirée complétement de la vallée et le
niveau de la mer a baissé. Des rivieres formées par des eaux de fonte ont incisé I’argile glaciomarine expo-
sée, formant deux grandes plaines d’épandage fluvioglaciaire. Le niveau de la mer est alors tombé a sa posi-
tion actuelle, ouvrant la voie a I’approfondissement postglaciaire des cours d’eau.

! Department of Geography, Simon Fraser University, Burnaby, British Columbia V5A 156
2 Department of Earth Sciences, Simon Fraser University, Burnaby, British Columbia V5A 186

25



Current Research/Recherches en cours 1999-A

INTRODUCTION

The Nass Valley is a large, formerly glaciated basin in north-
western British Columbia. It hosts a complex sequence of
glacial sediments, most of which are preserved in the north-
eastern part of the valley.

This paper outlines the results of a drilling program car-
ried out in the summer of 1998, as part of an ongoing investi-
gation into the glacial history and surficial geology of the
Nass Valley. Surficial geology was mapped in 1996 and a
preliminary synopsis of glacial history was outlined
(McCuaig, 1997); two 1:100 000 scale surficial geology
maps of the area are nearing completion. In 1997 and 1998,
work was focused on the thick deposits found in the north-
eastern part of the valley (Fig. 1). Seismic-reflection and
ground-penetrating-radar data were also obtained and are
currently being digitally processed.

GLACIAL HISTORY

At the height of the last glaciation, ice flowed southwest over
the entire Nass River region, depositing up to 20 m of com-
pact till in the southwest-trending Nass Valley. During

deglaciation, ice became restricted to valleys and fiords, but
till continued to be deposited by ice flowing southwest down
the valley. Asdeglaciation progressed, silty clay, gravel, and
sand were deposited over till in the northeastern part of the
valley. Because very few natural exposures are available in
this remote area, drilling was carried out to clarify basin
stratigraphy.

METHODS

Drilling

Drillholes were drilled on or near previously shot seismic
lines using a Mobile B-53 mud-rotary drill rig mounted on a
5 ton International Harvester truck (Fig. 2, 3). An 8.4 cm tri-
cone drill bit was used. Cuttings from each drillhole were
logged for grain size, with the aid of a 1 mm grid sieve to catch
coarser material (Fig. 2).

At sites where gravel or gravelly sand were encountered,
augering with 15 cm solid-stem or 20 cm hollow-stem flight
augers was substituted for mud-rotary drilling (Fig. 3). These
methods also were employed at each hole to drill through the
extremely hard upper levels of weathered silty clay.

Kwinatah! River

98-3-1013

Kwinamuck

Lake

98-6-1001

B New Aiyansh

08-5-1008 ©® |

55" 30'

"“ 7 Map area

Dragon
Lake

BRITISH
COLUMBIA

km |

55 "10'

128° 40'

Figure 1. Location of drillholes in the northern Nass Valley. Glaciers are hatched and water

bodies are shaded.
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Figure 2. Mud-rotary drilling at drillhole 98-5-1008, using a
sieve to log larger grain sizes. A 20 cm hollow-stem flight
auger is used as casing.

Figure 3. Solid-stem augering at site 98-1-1007. Relatively
undisturbed massive silty clay has been retrieved.

S.J. McCuaig and M.C. Roberts

Unfortunately, flight augers were not able to penetrate to
great depths and drilling rates when using them were rela-
tively slow (drilling speeds were fastest in unweathered silty
clay with the mud-rotary method). The large hollow-stem
augers were also used to case the upper part of all mud-rotary
holes. Samples were taken at various intervals with a split-
spoon sampler.

Sedimentary structure is commonly difficult to define
with mud-rotary drilling because continuous core is not
retrieved. However, because the upper part of each hole was
augered, resulting in relatively undisturbed sediment acquisi-
tion (Fig. 3), the sites will be referred to as drillholes instead
of boreholes.

Vibracoring was also attempted but was unsuccessful,
due to the plastic nature of the silty clay and its tendency to
liquefy when agitated.

Geophysical logs

Geophysical logs were taken at three of the drill holes to pro-
vide an aid in stratigraphic interpretations. Gamma ray (y),
spontaneous potential (SP), and resistivity (R) were meas-
ured using a Mt. Sopris logger. This particular tool measures
natural gamma radiation, electric current, and relative resis-
tance of a given volume of sediment. Measurements were
obtained as the tool was pulled upward inside the hole. The
steel casing over the upper 3 m prevented collection of SP and
R records at the top of the holes. Because SP and R require
conductive fluid between the tool and the borehole wall, these
logs are not reliable above the water table. Drillholes were not
cased below the upper 3 m, but wall collapse was not a
problem.

RESULTS

The data obtained from six drillholes are presented in Table 1
and Figures 4, 5 and 6. The drillhole locations are shown in
Figure 1.

Drill Hole 98-1-1007
Additional description

This drillhole was located 1.5 km east of a modern alluvial fan
on the valley’s western edge.

Interpretation

The modern alluvial fan may have been present as a fan delta
during the deposition of glaciomarine silty clay. If so, it was
much smaller then, with only occasional turbidite flows (evi-
denced by possible graded beds) reaching deeper marine
waters. Immediately prior to the end of marine deposition, the
fan grew considerably. It was at this time that the thick
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debris-flow bed found near the surface was deposited. How-
ever, if the fan was growing at that time, an increase in coarser
debris toward the top of the drillhole would be expected
(Fig. 4). This was not observed in this drillhole. An alterna-
tive explanation is that the coarse interbeds from 6.7 to 14.9 m
are distal deposits of subaqueous outwash from a receding ice
front. Thisinterpretation is supported by the upward thinning
and less common occurrence of coarse-grained interbeds
toward the surface. However, one or both of these deposi-
tional sources may have been operative.

Drill Hole 98-2-1005
Additional description

This drillhole was drilled in an area of extensive surficial clay
deposits, 2 km east of two modern alluvial fans. Samples A
and B were taken at 9.9 and 23.8 m respectively. Both sam-
ples revealed massive, sticky, silty clay over a 50-55 cm
interval (Fig. 7).

Table 1. Summary description of core and cutting lithologies, and preliminary facies interpretations.

Drillhole Depth (m) Description Facies Interpretation
98-1-1007 0-0.6 silty clay, massive, sticky, blue-grey distal glaciomarine
0.6-3.0 silty, sandy pebble/cobble gravel, poorly sorted, loose, mid fan to distal fan delta debris flow
subangular clasts, dark blue-grey
3.0-14.9 silty clay, massive, sticky, blue-grey; interbedded with very distal glaciomarine;
fine-sand, medium-sand, clayey silt, some very fine-sand coarser beds either distal subaqueous
beds with granules or pebbles at base (graded beds?) outwash turbidites or distal fan delta
turbidites
98-2-1005 0-34.1 clay and silty clay, massive, sticky, blue-grey, upper 4 m of distal gltaciomarine;
silty clay is weathered to pale brown and is extremely hard, coarser beds either distal subaqueous
weathered to unweathered zone gradational; interbedded with outwash turbidites or distal fan delta
clayey silt, silty fine-sand, very fine sand, fine sand, medium turbidites
sand
34.1-35.7 diamicton, poorly sorted (clay to pebble gravel), striated subglacial lodgement till
clasts, extremely hard, blue-grey, subround to angular clasts
(plugged the drill bit)
98-3-1013 0-54 silty clay, blue-grey, upper 3 m weathered to pale brown distal glaciomarine
(gradational contact)
98-4-1014 varies, very coarse-sand with pebbles and granuies, poorly to glaciofluvial braidplain overbank deposits
0-2.4 moderately sorted
1.2-5.2 coarse-sand to pebble gravel, (hole D only), upward glaciofluvial braidplain bar (channel deposit)
coarsening, moderately sorted
0-13.0 sandy pebble gravel (exposure only) glaciofluvial braidplain channel deposits
varies, silty clay, massive, sticky, blue-grey distal glaciomarine
2.4-14
98-5-1008 0-3.4 fine-sand, medium-sand, coarse-sand interbeds glaciofiuvial braidplain overbank deposits
3.4-12.2 silty clay, massive, sticky, blue-grey, weathered gradationally distal giaciomarine
to4.3m
12.2-17.2 silty clay, silt, fine-sand, medium-sand interbeds, well sorted mid-proximal glaciomarine
17.2-17.7 gravel, poorly sorted proximal glaciormarine
98-6-1001 0-24.2 silty clay, massive, locally finely laminated, sticky, blue-grey, distal glaciomarine
weathered gradationally to 6.4 m
24.2-41.5 sllty clay, silt, very fine-sand, fine-sand, medium-sand, proximal subaqueous outwash
coarse-sand, granule gravel interbeds, rare pebble gravel
beds
41.5-47.0 diamicton, stiff, blue-grey, compact, poorly sorted (plugged subglacial lodgement till
the drill bit)

28



depth (m)

Drillhole 98-1-1007

depth(m) ¢ g fs mses g d

0
5 -
101
14.9-
clay
silty clay
clayey siit
silt
siity sand
D sand

gravel

diamicton

gamma log

spontaneous|
potential log

reslstivity log

pebble

water table

Figure 4. Lithological logs of drillholes 98-1-1007 and 98-2-1005. Geophysical logs run on hole
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Figure 5. Generalized cross-section of glaciofluvial braidplain and glaciomarine silty clay deposits, using
evidence from drillholes 98-3-1013 and 98-4-1014 A-D. The lithological log on the right is a section exposed in
an earthflow in the braidplain area. The drillholes penetrate the western edge of the glaciofluvial plain and
delineate the extent of the subsurface contact of glaciofluvial gravel/sand and underlying glaciomarine
clay. The channel edge is clearly shown. Legend same as Figure 4, but silty clay is shown darker to emphasize
the marine clay environment and entire braidplain is shaded.
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Sample A, from drill hole 98-2-1005,
showing massive silty clay from 9.9 to
10.45 m. No structure is evident.



The three geophysical logs are fairly uniform to a depth of
34 m (the top of the diamicton bed), at which point they devi-
ate or disappear entirely (Fig. 4). The diamicton bed is dis-
tinctly different from the strata above. The deflections in the
upper part of the R log indicate that the water table was
encountered at 5 m, thus the electrical logs above this point
are unreliable. All logs are more or less uniform, so there is no
major upward fining or coarsening in the sequence.

Interpretation

Actively flowing ice deposited the compact diamicton, which
is interpreted as till due to its compact nature, poor sorting,
and striated clasts (all visible in the plugged drill bit). It is
very similar to Kwinatahl till, a lodgement till common in the
area (McCuaig, 1997). Formation of the diamicton by rain-
out is possible, but is considered unlikely due to the highly
compacted nature and high matrix-to-clast ratio of the till.

The fine-grained sediment beds within the silty clay are
interpreted as the tail end of sediment flows from either
valley-side fan deltas or from subglacial meltwater influx ata
grounded ice margin. Beds do not show any upward fining,
thinning, or coarsening trend, so it is difficult to say which
source area interpretation is correct for this hole.

The massive nature of the silty clay itself indicates con-
tinuous and fairly rapid deposition of rock flour that settled
from suspension during the marine phase of deposition. It
represents the homogeneous ‘bergstone mud’ environment
distal to the tidewater front in fiord systems (Powell and Molnia,
1989). However, dropstone influx is not evident here, and
quiet deposition occurred for a long enough period of time to
accumulate 35 m of fine-grained sediment.

Drill Hole 98-3-1013
Additional description

This drillhole is at the edge of a major clay-gravel gradational
contact at the surface, and the intent of drilling this hole and
the next was to delineate the subsurface nature of this contact.
The western portion of the contact area is a large surficial clay
unit, whereas the eastern portion is mapped as a glaciofluvial
braidplain with localized earthflows.

Interpretation

The silty clay at this site represents the same glaciomarine
clay as that of the previous drillhole. Since there is no gravel,
the subsurface contact was not encountered here (Fig. 5).

Drill Hole 98-4-1014
Additional description

This site consists of four drillholes, labelled A to D, and a
roadcut exposure (Fig. 5). Each one is successively further
east from drillhole 98-3-1013. The exposure is in an area
affected by earthflows.

8.J. McCuaig and M.C. Roberts

Interpretation

The relationship of fluvial gravel and sand overlying marine
clay is evident in Figure 5. Airphoto interpretation indicates
that the sand and gravel are part of a large sandur. Drilling
evidence shows that the sandur braidplain incises the marine
clay, with finer, possibly overbank, coarse-grained sands on
top and atits edge (Fig. 5). Further reconnaissance in the area
revealed the presence of thin, localized overbank fines (fine
sand) overlying marine clays just west of, and also south of,
hole 98-3-1013. These probably represent a series of splays.
Clearly, the braidplain was deposited after the marine sedi-
ments and the lower contact is erosive.

Drill Hole 98-5-1008
Additional description

This hole was drilled near the edge of a large earthflow, just
west of the Nass River. It is located on a more northern part of
the braidplain shown in Figure 5.

Sample C, taken at 15.5 m, unfortunately spans only a
4 cm interval (Fig. 6). However, medium-grained sand, silt,
and fine-grained sand interbeds, 1 cm thick, with sharp con-
tacts, are present in the sample. Beds are well sorted but oth-
erwise lacking in structure.

The geophysical logs are not very informative at this site,
except for the spontaneous potential (SP) log, which shows a
general upward fining from 17.2 m to 12.2 m (Fig. 6). The
deviations in the upper part of the SP log are probably due to
the location of the water table at about 6.5 m and are consid-
ered unreliable. The resistivity (R) log is therefore unreliable
to this depth as well.

Interpretation

Itis difficult to tell with certainty whether the lowermost unit
is gravel or diamicton, due to clast crushing during drilling.
The geophysical logs do not deviate significantly enough to
suggest that it is a till (as they do at 98-2-1005), so this unit is
considered to be a gravel. Overlying deposits become pro-
gressively finer grained, leading to the inference that the ice
margin was initially nearby but gradually withdrew, until
only silty clay was deposited. The source for these sediments
was probably one or more subaqueous fluvial jets. Finally,
glaciofluvial (overbank?) sands were deposited over the gla-
ciomarine clay when sea level dropped and the ice front had
retreated even further.

Drill Hole 98-6-1001
Additional description

This site is located in an extensive surficial clay unit near the
town of New Aiyansh (Fig. 1). The silty clay was very dry and
hard compared to that of sites west of the Nass River. Coher-
ent pieces of clay came up in the mud return, possibly due to
this hardness. The diamicton at the base of the hole eventu-
ally plugged the drill bit.
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Figure 8. Sample D, 98-6-1001, laminated silty clay. This is
the only location where structure was identified in silty clay.

Samples D and E were taken at 11.3 and 25 m, respec-
tively (Fig. 6). Sample D is a finely laminated silty clay
(Fig. 8). It is the only laminated example of the ubiquitous
silty clay, which is also massive near the surface at this site.
Sample E consists of 6 cm of angular (crushed?) granule
gravel, 10 cm of silt, and 24 cm of very well sorted, fine-
grained sand, with one 2 mm silt interbed. The silt is blue-
grey and finely laminated, whereas the fine-grained sand is
massive and dark grey.

The electric logs show the water table to be at 3.5 m.
Slight deviations in the SP log and major deviations in the
R log indicate a general upward-fining trend from 41 to 25 m,
although it is not immediately apparent from the lithological
log (Fig. 6). The R log shows a different peak pattern in the
diamicton bed. The SP and R logs are also largely undeviating
throughout the homogeneous clay from 24.2 to 3.5 m. As with
the other holes, the gamma log is not very informative.
Gamma radiation does not vary significantly in these silici-
clastic sediments, possibly because they are all derived from
the same source rocks or because clay minerals are rare.

Interpretation

The diamicton is interpreted as lodgement till due to its com-
pactness, poor sorting, resistivity-log deflection, and high
matrix-to-clast ratio. The till was deposited by ice of either
the early or late phase of glaciation (McCuaig, 1997). The
area was below marine limit when ice retreated, but the ice
margin was not far away when the interbedded sand, gravel,
and clay were deposited. The upward-fining trend evident in
the geophysical logs indicates that ice receded from this posi-
tion as these deposits were formed. These deposits are sug-
gested to be proximal subaqueous outwash deposits. The
abrupt transition to silty clay deposition is due to a rapid
change to a distal depositional environment once the ice front
moved away from the area (Stevens, 1990). Distal, glacioma-
rine, silty clay deposition continued uninterrupted at the site
for some time, but was slightly episodic, resulting in a lami-
nated silty clay in some places.
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DISCUSSION

Drilling has revealed that compact Kwinatahl till (McCuaig,
1997) is overlain by proximal to distal subaqueous outwash
deposits (with possible fan delta deposits) and glaciomarine
silty clay. In places, outwash braidplains overlie all three
units.

Since marine limit is 230 m (McCuaig, 1997), marine
incursion must have occurred in the upper Nass Valley during
deglaciation. Extensive, blue-grey, silty clay deposits below
marine limit are related to this marine inundation. Although
the clays are largely massive and contain neither macrofossils
nor microfossils, other evidence points to a marine origin.
The paucity of dropstones, the great thickness of clay, and the
lack of fossils together suggest that sedimentation rates were
very high and basinal waters were turbid. Barren sediment is
common in modern tidewater glacier fiords in Alaska
(Cowanetal., 1997), where sedimentation rates are high. Ice-
berg deposition may have simply been swamped by subgla-
cial outwash deposition, a situation known to be common in
modern tidewater fiords (Molnia, 1983) and in both proximal
and distal glaciomarine deposits of the last glaciation
(Stevens, 1990). In fact, Stevens (1990) describes dropstones
only in “very distal” glaciomarine sequences (100 km from
the ice front). In addition, earthflows are common, both in
marine sediments near Terrace (Clague, 1984) and in Nass
Valley clay deposits the shear strengths of Nass Valley clays
are extremely low (Geertsema, 1998), a common characteris-
tic of marine quick clays. Liquefaction of the clay by vibra-
coring further indicates a quick clay tendency. Furthermore,
salt crusts identified in Nass Valley silty clays
(M. Geertsema, pers. comm., 1998) are similar to those in
earthflow glaciomarine clays near Terrace. These salt crusts
are used as salt licks by domestic and wild animals in some
parts of the valley. However, they are not associated with gla-
ciomarine clays everywhere. Marine fossils and dropstones
are present in glaciomarine clays of the Terrace area, but
natural salt licks are not found in all of those glaciomarine
sequences (Clague, 1984).

It is concluded, therefore, that the Nass Valley silty clays
are distal glaciomarine deposits related to the 230 m sea-level
highstand. Coarser grained sediments are proximal gla-
ciomarine deposits that formed prior to distal clay deposition.
Some silty and sandy interbeds may have been deposited as
distal facies by fan deltas in basinal areas near the valley edge.

Considering the great width of the valley (10-15 km),
deposition of 25-35 m of fine-grained sediment indicates an
immense amount of clastic influx. Since the majority of silty
clay deposits are massive, it is possible that deposition was
continuous. However, the presence of laminations in sam-
ple D (Fig. 8) indicates minor pauses in deposition. Itis possi-
ble that the massive nature of Nass Valley clays is due to
liquefaction, since laminated structures are absent at the vast
majority of sites, and the clays are known to be readily lique-
fiable (Geertsema, 1998).

At some later time, sea level dropped to 150-160 m
(McCuaig, 1997), where it remained for some time. The ice
margin was well inland by this point. Two glaciofluvial



outwash plains flanking a bedrock high formed (one of which
was drilled), incising the marine clay deposits and debouch-
ing into marine water in the vicinity of New Aiyansh. Deltas
formed at the south end of each outwash plain are currently
being investigated with seismic-reflection and ground-
penetrating-radar data.

Fiords in northern British Columbia generally show the
same depositional sequence as that seen here: till overlain by
interbedded ice-contact deposits and capped by glaciomarine
mud (McCann and Kostaschuk, 1987). All evidence points to
continuous, rapid retreat of ice in the Nass Valley. Our drill-
ing did not detect morainal banks or subaqueous fan ridges
indicative of a stillstands during glacial retreat. Powell (1981)
describes several facies associations for fiord type deposi-
tion. The one that best describes the sediment package of the
Nass Valley is “Facies Association I: facies of rapidly retreat-
ing tidewater glaciers with ice fronts actively calving in deep
water”. In this scenario, till, gravel, and sand are deposited at
the ice front. Subglacial meltwater deposits gravel and sand
that fine distally to laminated sand and mud. Mud (possibly
with dropstones) is deposited beyond this zone, but inter-
tongues with it. The lack of dropstones in the study area could
be due to excessive rock-flour deposition or due to warm-
water conditions causing potentially small icebergs of the
valley glacier to melt within 5-10 km of the glacier (Powell,
1984). Icerafting has been shown to be a very minor compo-
nent of clastic influx in Alaskan fiords today (Molnia, 1983).

Input of coarse-grained debris by fan deltas is not com-
monly identified in modern fiords. This could be because
ice-proximal deposits are the major sediment producer or per-
haps because fan deltaic deposition has simply been
overlooked.

The Nass Valley basin is quite different from that of the
Terrace—Kitimat~Skeena area to the south. However, fiord
depositional processes are affected by a number of parame-
ters, including topography, climate, and glacial history. Itis
not uncommon for basin fills to be unique to individual fiords
(Syvitski, 1993). Although macrofossils are common in
glaciomarine clays of the Terrace area, they are much rarer in
Alaska. Stillstands during glacial retreat occurred in the
Terrace—Kitimat area where bedrock ridges and narrowing of
the valleys to 3-5 km wide provided pinning points (Clague,
1984). The Nass Valley in the study area is wide and there are
there are no such pinning points. Constrictions do occur east of
a major bedrock ridge north of New Aiyansh and down-valley
near the mouth of the Nass River, but any sediment accumula-
tions that may have formed at these locations are now covered
with glaciofluvial and fluvial deposits, respectively.

CONCLUSION

Data derived from drilling has shown that glaciers flowing in
the Nass Valley deposited compact, clay-rich Kwinatahl till.
Ice subsequently receded and marine water invaded the
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isostatically depressed landscape to a height of 230 m a.s.l.
The valley glacier retreated continuously, apparently experi-
encing no stillstands. Near the receding ice margin, subaque-
ous jets deposited alternating beds of silty clay, sand, and
gravel that fine distally. As ice continued its retreat, basinal
areas farther down-valley received only silty clay input, with
or without local turbidite influx of slightly coarser grained
debris from fan deltas or subaqueous outwash. Subaqueous
ice-proximal deposition continued up-valley at the ice
margin.

Later, ice left the valley entirely and marine limit dropped
to 150-160 m a.s.l. Two large glacial rivers fed by meltwater
developed on either side of a small bedrock rise in the valley
centre. These formed wide braidplains and incised the
exposed glaciomarine clays, depositing gravel and sand on
the clay. Down-valley, marine water was still present and the
rivers flowed into it, forming braid deltas. Marine water even-
tually withdrew entirely from the valley and modern river
incision began. Where braidplain gravel and sand overlie clay
and are undercut by stream erosion, earthflows have formed.
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Abstract: Field investigations have started on mapping the surficial geology of the Trutch map area,
northeastern British Columbia, as part of the Central Forelands NATMAP Project. Glacial geomorphology
and erratic dispersal shows that this area was extensively glaciated by Cordilleran ice, originating from the
mountains and foothills in the west, and by Laurentide ice from the east. In places, the western advance pre-
dates the last Laurentide advance that reached the mountain front. In other places, Laurentide and Cordil-
leran advances may have been synchronous. During deglaciation, the retreating Laurentide Ice Sheet
blocked drainage and extensive proglacial lakes formed on the plains and in the mountain valleys.

Various types of mass movements are common in the area because of steep slopes and a weak substrate.
The surficial mapping program includes mapping these features to provide a database for risk assessment.

Résumeé : Les études de terrain ont débuté en vue de cartographier la géologie des dépbts de surface dans
larégion cartographique de Trutch, dans le nord-est de la Colombie-Britannique, dans le cadre du Projet de
I’avant-pays central du CARTNAT. La géomorphologie glaciaire et la dispersion des blocs erratiques
montrent qu’une grande partie de la région a été envahie par les glaces de 1’Inlandsis de la Cordillére en
provenance des montagnes et des piémonts dans I’ ouest et celles de 1’Inlandsis laurentidien en provenance
de I’est. Par endroits, I’avancée des glaces de I’ ouest est antérieure 4 la derniére avancée de 1’ Inlandsis lau-
rentidien qui a atteint le front de la montagne. A d’autres endroits, I’avancée de I’ Inlandsis de la Cordillére
et celle de 1’ Inlandsis laurentidienne ont peut-étre été synchrones. Au cours de la déglaciation, I’ Inlandsis
laurentidien en retrait a bloqué le drainage, ce qui a donné naissance a de vastes lacs proglaciaires qui se sont
formés sur les plaines et dans les vallées des montagnes.

Des mouvements de masse de divers types se produisent fréquemment dans la région en raison de la
présence de fortes pentes et de la faiblesse du substratum. Le programme de cartographie des dépbts de
surface porte sur ces éléments et vise & constituer une base de données destinée a I’évaluation des risques
naturels.

1 Contribution to the Central Forelands NATMAP Project
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INTRODUCTION

Part of the Central Forelands NATMAP Project involves
mapping the surficial geology of the Trutch map area NTS
94 G (Fig. 1). This work includes detailed studies of stratigra-
phy, geochronology, and till dispersal related to interaction of
Laurentide and Cordilleran ice sheets along the Rocky
Mountain front. The mapping encompasses an inventory of
granular resources and potential landslide hazards. The pri-
mary outputs will be a 1:250 000 scale map of surficial geol-
ogy and relational databases. The databases will be
compatible with bedrock maps and geophysical databases
under a GIS standard.

Investigations began during the 1998 field season with
extensive helicopter surveys of the mountainous western part
of the map area and reconnaissance on the Interior Plains to
the east. A review of current knowledge and essential find-
ings related to the Quaternary history are presented here.

Physiographic setting

The Trutch map sheet straddles the Rocky Mountains, Rocky
Mountain foothills, and Interior Plains (Fig. 1). The Muskwa
Range, trending along the western edge of the map area,
approaches 2800 m in elevation, This contrasts with the roll-
ing plains of the Alberta Plateau, part of the Interior Plains
comprising the eastern half of the map area that are less than
900 m a.s.l. The eastern edge of the Muskwa Range defines
the easternmost fault on which Paleozoic rocks, as old as the
Cambrian, that are thrust over folded Triassic units compris-
ing the Rocky Mountain foothills (Holland, 1964). Longitu-
dinal fold- and fault-controlled valleys trending northward
characterize the mountains and foothills. Generally, the
mountainous western part has been extensively modified by
alpine glaciers and the intensity of glacial erosion decreases
eastward across the foothills. The highest peaks in the south-
west part still harbour small glaciers in north-facing cirques.
The transition from the foothills to the plains is abrupt.

Large east-trending valleys crosscut the longitudinal val-
leys.through the foothills every 15-25 km. Major rivers such
as the Muskwa, Prophet, Sikinni Chief, and Halfway flow
eastward through the crosscutting valleys onto the Alberta
Plateau from headwaters in the Rocky Mountains. Many of
the upper tributaries change their direction several times, as
they exploit the crosscutting pattern of the valley systems. It
is evident that the rivers and creeks have experienced several
generations of stream piracy.

Both the eastern foothills and Alberta Plateau bear rem-
nants of several eastward-dipping erosional surfaces. The
oldest surface may be Miocene (Williams, 1944), however,
there has been only one reported occurrence of preglacial
gravel, located north of the Sikinni Chief River near the
Alaska Highway (Denny, 1952). Larger deposits of pregla-
cial gravels lie southeast of Trutch in the Charlie Lake area
(Mathews, 1978). The Alberta Plateau is underlain by thick
sequences of sandstone and shale of Cretaceous age that are
flat-lying or dip gently eastward, except for a folded belt
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immediately east of the foothills. On the plains, the drainage
swings to the northeast, into the Liard River system, part of
the Mackenzie River drainage basin. The topography is char-
acterized by low plateaus and cuestas dissected by the major
rivers (Fig. 1). Resistant sandstone units of the upper
Cretaceous Dunvegan Formation form prominent cliffs,
whereas, most low areas and major valley bottoms are under-
lain by recessive shales of the Fort St. John Group. In the
extreme northeast part of map area, erosion by the Muskwa,
Prophet, and Sikanni Chief rivers formed the Fort Nelson
lowland. The lowland is very flat and poorly drained with
extensive muskeg terrain, less than 600 m a.s.l.

Previous work

The fact that the mountains of north-central British Columbia
have been extensively glaciated in the past has been known
since Dawson’s time (Dawson, 1888, 1890). Dawson (1888)
proposed the term “Cordilleran Glacier” for a mountain ice
sheet centred between 55°N and 59°N, flowing to the north-
west and southeast. Subsequently, distinct stages or types of
glaciation have been recognized in northern British Colum-
bia. Several workers have postulated a progressive expansion
of ice from alpine cirque glaciers, to valley glaciers, to moun-
tain ice caps, to a regional ice sheet whose movement was
independent of the underlying topography (e.g. Kerr, 1934;
Armstrong and Tipper, 1948). Alpine glaciers sculpted cir-
ques around the summits, whereas, through valleys were
eroded by outlet glaciers moving from alpine accumulation
areas. During deglaciation, the stages were presumably
reversed: as the Cordilleran Ice Sheet waned, it was suc-
ceeded by alpine and cirque glaciation, developing associated
landforms.

In general, northeastern British Columbia was affected by
three major glacial systems at various times. Major glaciation
occurred by continental Laurentide ice, which advanced from
the north and east and deposited erratics from the Canadian
Shield. Secondly, local glaciation occurred when coalescent
montane ice, originating from numerous cirques and ice
fields in the Rocky Mountains and foothills, flowed down
trunk valleys, reaching the mountain front. The third style of
glaciation was by Cordilleran ice, which originated in the
interior of British Columbia west of the Rocky Mountain
Trench and flowed eastward across the topographic trend of
the mountains onto the plains (Mathews, 1978, 1980). Each
of the glacial systems had distinctive source areas that can be
identified by ice-flow patterns and diagnostic erratics
(Fig. 2). Nevertheless, there has been some disagreement
about the spatial and temporal interaction of these three gla-
cial systems (cf. Bobrowsky and Rutter, 1992).

On the plains, the Laurentide Ice Sheet reached the Rocky
Mountain front during past glaciation(s). This is indicated by
distinct red granite and gneiss debris originating from the
Canadian Shield. However, in Peace River country, Beach
and Spivak (1943) suspected that some erratics may have
entered valleys at the mountain front by ice rafting westward
across proglacial lakes from the Laurentide ice margin.
Mathews (1980) noted that till and outwash derived from
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Figure 2. Glacial limits in northeastern British Columbia as mapped by Mathews (1980). Three
distinct drift sheets were identified based on provenance: C, drift of western origin deposited by
Cordilleran ice, R, local Rocky Mountain drift, and L, drift deposited by the Laurentide Ice Sheet.
The Williston Reservoir, occupying the Rocky Mountain Trench, is not shown on this map. The
Trutch map area (box) lies at the junction of all three drift types.

Cordilleran ice occasionally contains shield erratics that may
have been initially deposited by a more extensive Laurentide
ice sheet before the last glaciation.

Armstrong and Tipper (1948) recognized at least two
large advances of Cordilleran ice from accumulation areas on
the Coast Mountains. Based on ice-flow patterns, Tipper
(1971) thought that there were at least two, possibly three,
major glaciations in the area. During the last, Fraser
Glaciation (Late Wisconsinan), ice was thought to have accu-
mulated in the Coast and Cariboo mountains, flowed into the
interior as a piedmont glacier, and then northeasterly as an ice
sheet toward the Rocky Mountains. A limited readvance of
the Cordilleran Ice Sheet occurred during Fraser deglacia-
tion. Tipper (1971) did not believe that a central ice dome
existed over central British Columbia during the Fraser
Glaciation. He considered glacial erosional features and
erratics at elevations above the level of the Fraser Glaciation,
such as those cited by Mathews (1946, 1963), were caused by
amajor ice dome dating from an earlier glaciation(s). Never-
theless, Mathews (1963, 1980) thought that the Cordilleran
ice that crossed the Rocky Mountains near Fort St. John,
reaching at least 1830 m a.s.l., was late Wisconsinan.
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Hage (1944) and Denny (1952), in working along the
Alaska Highway between Fort St. John and Fort Nelson,
noted that two distinct tills were separated by bedded clays up
to 15 m thick. The lower till was marked by quartzite and
sandstone pebbles, whereas the upper till had an abundance
of igneous and metamorphic pebbles and boulders. This
shows that at least one major Cordilleran and Laurentide
advance were not synchronous. Nevertheless, in exposures
along the north bank of Peace River, Mathews (1978) identi-
fied a single till sheet near the surface that he attributed to
“late or ‘Classical’ ” Wisconsinan glaciation (Mathews,
1980, p. 4). The continuous till sheet had Cordilleran litholo-
gies in the west and Laurentide lithologies in the east, which
led Mathews (1978, 1980) to conclude that Cordilleran and
Laurentide ice masses were contemporaneous and coalescent
during the last glaciation. Thus, minor changes in glacier
regime caused the contact line between Laurentide and
Cordilleran ice to fluctuate along a narrow overlapping zone.
A subsequent Cordilleran readvance was thought to have
occurred near the Sikinni Chief River after the Laurentide Ice
Sheet retreated from its maximum position during the last
glaciation. Deglaciation caused major flooding of the Fort
Nelson lowland which discharged into the Liard and



Mackenzie rivers via outlets and meltwater channels
(Mathews, 1980). Figure 2 shows the limits of Cordilleran,
local Rocky Mountain, and Laurentide tills as mapped by
Mathews (1980).

In contrast, Catto et al. (1996) examined stratigraphy and
radiocarbon dates in the Peace River—Grand Prairie area and
concluded that no contact between Cordilleran~Montane and
Laurentide ice occurred during the entire Quaternary. They
concluded that an extensive pre-Late Wisconsinan
Cordilleran advance (>51 ka) was followed by a Late
Wisconsinan Laurentide advance after ca. 22 ka. When the
Laurentide ice retreated, a restricted montane ice advance
occurred within major outlet valleys such as the Peace River.

GLACJAL GEOMORPHOLOGY

Glacial deposits in the Trutch map area reflect the three styles
of glaciation that affected northeastern British Columbia,
outlined above. The Alberta Plateau is covered by various
thicknesses of till containing shield erratics deposited by the
Laurentide Ice Sheet during the last glaciation. Most of the
plateau is sparsely covered by till, although Hage (1944)
reported glacial drift up to 222 m thick from well data near
Fort Nelson, and tens of metres thick along the Prophet River.
More commonly, Dunvagen Formation sandstone outcrops
on the plateau uplands, but thicker till is found in lowlands
and to the west near the mountain front. The predominant
flow direction by the Laurentide Ice Sheet over the Alberta
Plateau is shown by southwest-oriented flutings on the east
side of the map area (Fig. 2).

The Laurentide Ice Sheet did not leave extensive
moraines or outwash deposits marking its advance or retreat
~ over the Alberta Plateau, however, meltwater channels and
spillways related to drainage blocked by the ice sheet, are
common. When the Laurentide Ice Sheet blocked drainage to
the northeast, extensive glaciolacustrine sediments were
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deposited throughout the lowlands and stream valleys.
Today, many valleys have very flat bottoms filled with gla-
ciolacustrine sediments. Near the Alaska Highway, the
Sikinni Chief River is deeply incised, and exposes up to 15 m
of bedded clay overlain by gravels. Similar thicknesses of
glaciolacustrine deposits were reported along the Beatton,
Halfway, Minaker, and Prophet river valleys (Hage, 1944;
Denny, 1952). Distinct varves were not found outside the
mountain front during the current fieldwork, but Hage (1944)
described at least 100 varves in the Beatton River valley.
Denny (1952) reported varves along the Alaska Highway
near the Sikinni Chief and Prophet rivers.

It is clear that large areas of glaciolacustrine sediment
form the uppermost unit and probably date from recession of
the Laurentide Ice Sheet. Nevertheless, the stratigraphic rela-
tionship of all glaciolacustrine exposures outside the moun-
tain front is yet to be established. Hage (1944) noted that lake
deposits exposed along the Halfway and Minaker rivers, and
for 160 km south of Fort Nelson in the Prophet River valley,
all rest on Montane till. This was not yet confirmed by this
study; however, the same stratigraphic relationship was
found in the upper Sikinni Chief River (Fig. 3) and several
other valleys in the foothills.

The extent of the Laurentide Ice Sheet during the last gla-
ciation can be inferred from the westernmost extent of surface
till containing abundant shield erratics. Along the Alaska
Highway, shield boulders are uncommon from Pink Moun-
tain to Sikinni Chief, but pebbles and boulders of granite and
gneiss become abundant in till from the Buckinghorse River
northward. The large increase of shield erratics at the Buck-
inghorse River coincides with the westernmost extension of
Laurentide till into the mountain front. During this study, the
western limit of till containing abundant shield erratics was
mapped along the upper Buckinghorse River where Lauren-
tide ice apparently pushed into the mountain front (Fig. 1). On
the north side of the valley mouth, the uppermost level of
granite and gneiss-rich till lies at 1380 m a.s.l. Sandy till and
outwash containing granite pebbles outcrops about 5 km

Figure 3.

Stratigraphic section along the upper Sikinni
Chief River. Dark shale (R) is overlain by a thick
complex of glacial till (T) and ice-contact strati-
fied drift (G), in turn, overlain by the uppermost
unit, glaciolacustrine silt (L). The ice advanced
from the foreground to the horizon, downvalley.
Note the person standing beside the exposure in
the inset, for scale.
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upvalley on the valley bottom at 1234 m a.s.l. For about
12 km upvalley, shield erratics are abundant on the surface
and up to an elevation of 1360 m, but granite till is absent. In
these cases, the shield erratics may have been ice-rafted up
the valleys. Erratics were also redeposited by stream trans-
port. For example, the upper Buckinghorse River has been
pirated by Nevis Creek, which transported shield erratics
northward to Besa River, albeit to lower elevations.

The relative decrease in shield erratics south of
Buckinghorse River, led Mathews (1980) to suggest that
there may have been a late readvance of the Cordilleran ice
onto the plains, effectively diluting the pre-existing Lauren-
tide till with Cordilleran till. According to Mathews (1980),
the Buckinghorse River also coincides with the southern end

of local Rocky Mountain glaciation. Mathews’ zone of local
glaciation extends northward for 245 km to the Liard River
(Fig. 2). Till within this zone is composed of only local rocks,
with no diagnostic Cordilleran erratics. Nevertheless, this
study shows that Cordilleran ice covered this area, probably
during the last glaciation. North of the upper Buckinghorse
River, striations measured along mountain crests up to
1860 m a.s.l., suggest that Cordilleran ice inundated the foot-
hills in this area (Fig. 1). Moreover, the measured east-
northeastward flow runs across the major topographic trend,
implying that a significant thickness of ice flowed across the
ranges, unimpeded by topography. Striated bedrock with the
same flow direction also occurs at lower elevations, within
the zone of Laurentide erratics in the upper Buckinghorse

Figure 4. Drumlin and flutings, west of Redfern Lake in the Besa River valley, formed by the Cordilleran Ice
Sheet during a stage in deglaciation when the underlying topography influenced glacial flow, diverting flow
to the north. With further deglaciation, the ice was diverted eastward, through the valley now occupied by
Trimble Lake (STAR-1 radar image courtesy of Crestar Energy Inc.).
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River valley. If the upper and lower striations are of the same
age, this implies that the Laurentide erratics were deposited
after the Cordilleran advance. Samples of the upper striated
bedrock were collected for 36Cl exposure dating.

Mapping in the Trutch map area supports the conclusions
of early workers, that Cordilleran glaciation went through
progressive stages of build up and decay during the last gla-
ciation. This hypothesis implies that the late glacial presence
of local ice does not preclude previous ice cover by the
Cordilleran Ice Sheet during the last glaciation. During the
onset of glaciation, there was undoubtedly growth of local
cirque glaciers, which eventually fed valley systems. At later
stages, however, this system was overwhelmed by expanding
Cordilleran ice from the west and the combined ice mass was
thick enough to flow across the foothills unimpeded by
topography. Thus, high-level striae on the summits of foot-
hills were made during the last glacial maximum by
Cordilleran ice, although the tills at lower elevations are pre-
dominantly of local origin. Moreover, diagnostic erratics of
Cordilleran till may not have been preserved everywhere.
These are predominantly friable pebbles of slate and schist,
derived from Hadrynian exposures along the Rocky
Mountain Trench (Mathews, 1980), and they may have been
extensively comminuted during glacial transport.

During deglaciation, as the Cordilleran ice thinned, the
underlying topography exerted greater control on glacial
flow. This is evidenced by drumlin and fluting fields within
Rocky Mountain valleys (Fig. 4). In some areas, drumlin and
fluting fields crosscut one another, suggesting large swings in
flow directions as the ice thinned. Eventually, the diminished
Cordilleran ice would acquire the character of alpine glacia-
tion as a system of cirque-fed valley glaciers. At this stage,
western till, originating from the Rocky Mountain Trench
and beyond, was no longer transported to the map area. In the
final stages of deglaciation, the valleys became ice free and
only cirque glaciers remained. During the Holocene most of
the cirque glaciers have completely ablated.

Figure 5. Photograph of a large slump along a cutbank of the
lower Sikinni Chief River, were it is deeply incised into the
Alberta Plateau. The valley bottom is underlain by recessive
shale that readily destabilizes the overlying sandstone.
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STRATIGRAPHY

Most of the stratigraphic sections logged during the fieldwork
relate to the advance and retreat of montane ice within the val-
leys (Fig. 1). In general, these involve thick sequences of out-
wash, ice-contact stratified drift, till, and glaciolacustrine
sediments. For example, thick sections along the upper
Sikinni Chief River show a lower dark, indurated gravel,
overlain by a dark, silty diamicton, in turn, overlain by a bed-
ded diamicton (Fig. 3). The whole sequence is capped by
laminated silt. Itis apparent that the upper Sikinni Chief River
valley was dammed to the east after mountain ice retreated
from the area. Several sections within crosscutting valleys are
topped by glaciolacustrine silt, suggesting that Laurentide ice
was blocking drainage at or near the mountain front at this
time. As noted above, shield erratics overlying Cordilleran
striations suggest that a the Cordilleran ice advanced prior to
the Laurentide ice reaching the mountain front. Nevertheless,
stratigraphic sections showing both Laurentide and mountain
glaciations, as shown by Hage (1944), have not yet been
found during this study.

Outside the mountains on the Alberta Plateau, stra-
tigraphic sections of Quaternary sediments tend to be poor
because of excessive slumping. Much of this area is underlain
by thick recessive shale and the banks of most rivers are cov-
ered by colluvium. This is particularly true of the deeply
incised Buckinghorse and Sikinni Chief rivers, where whole
forests are slumping into the river (Fig. 5).

MASS WASTING

The Trutch map area is underlain by thick sequences of inter-
bedded sandstone and shale that are prone to failure. Various
types of mass movements are common reflected by distinct
landforms. These features range in size and rapidity, as well
as age. Both active and relic Jandforms are common; suggest-
ing that activity has been relatively steady throughout post-
glacial time. Rapid, catastrophic failures such as mudflows
and debris flows are usually restricted in size, occurring on
mountain slopes. A very large landslide-earthflow along
Besa River represents the other end of the spectrum. This fea-
ture, approximately 7 kmZ, probably has been mobile for dec-
ades. Large slabs of forested bedrock are sliding over a slowly
deforming substrate.

Large catastrophic failures have also occurred in the area.
For example, a particularly large landslide occurred along in
a tributary valley to the Halfway River sometime during the
spring of 1998 (Fig. 6). The side of the valley failed along a
steep slope (25°) and sent debris, including huge sandstone
blocks for distances up to 1.25 km, filling the valley bottom.
The landslide covers an area of 0.4 km? and currently dams a
small lake upvalley. These events obviously pose a signifi-
cant hazard and their occurrence unpredictable. Aerial photo-
graphs, taken years before the landslide, do not show any
signs of the impending event. An objective of this project is to
try to evaluate areas of potential landslide hazards.
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Figure 6. Map and photographs are of a catastrophic landslide in a tributary valley to the Halfway River.
The photograph is looking to the southeast. The contour interval is 30.5 m (100 feet). The cropped aerial
photograph is NAPL A17165-22.
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Abstract: Archival Triassic conodont collections from Trutch map area (NTS 94 G) are documented as
part of the Central Foreland NATMAP Project. Two Ladinian collections come from the Toad Formation
but all others come from Upper Triassic Baldonnel and Pardonet formations. The discrimination of Upper
Triassic units is problematic in the eastern foothills where the character of the Pardonet Formation differs
from that in its type area on Williston Lake. The base of the Pardonet Formation is a transgressive surface
that generally approximates the Carnian-Norian boundary. In central Trutch map area, the Pardonet Forma-
tion includes Lower to lower Middle Norian cliff-forming limestones that have been confused with both the
Baldonnel and Bocock formations. These Pardonet Formation carbonates largely predate the informal unit
P4 in the Sukunka region subsurface, and are believed to have developed in relatively shallow water during
alowstand that preceded a Middle Norian transgression. Both Norian flooding events are marked by abun-
dant Norigondolella.

Résumé : Les assemblages archivés de conodontes du Trias provenant de la région cartographique de
Trutch (SNRC 94 G) ont été étudiés dans le cadre du Projet de I’avant-pays central du CARTNAT. Deux as-
semblages du Ladinien proviennent de la Formation de Toad, mais tous les autres ont été recueillis dans les
formations de Baldonnel et de Pardonet du Trias supérieur. L’individualisation des unités du Trias supé-
rieur pose probléme dans les avant-monts de I’est ou les traits caractéristiques de la Formation de Pardonet
différent de ceux dans sa région type sur le lac Williston. La base de la Formation de Pardonet est une sur-
face transgressive qui représente généralement la limite du Carnien et du Norien. Dans la partie centrale de
la région cartographique de Trutch, la Formation de Pardonet comporte des calcaires s’échelonnant du
Norien inférieur a la base du Norien moyen et formant une falaise, que 1’on a confondus avec ceux des for-
mations de Baldonnel et de Bocock. Ces roches carbonatées de la Formation de Pardonet sont de loin plus
anciennes que 1’unité P4 informelle dans la subsurface de la région de Sukunka; elles se seraient formées en
eau relativement peu profonde pendant une période de bas niveau marin ayant précédé une transgression au
Norien moyen. Les deux inondations qui se sont produites au cours du Norien sont marquées par la présence
d’abondantes Norigondolella.

! Contribution to the Central Foreland NATMAP Project
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INTRODUCTION

The Central Foreland NATMAP Project in Trutch map area
(NTS 94 G) affords an opportunity to undertake detailed
conodont biostratigraphic studies in a region that has been
important in Triassic stratigraphic and paleontological stud-
ies (Hage, 1944; McLearn, 1946; McLearn and Kindle, 1950;
Pelletier and Stott, 1963; Pelletier, 1964; Tozer, 1967,
Gibson, 1971, 1975). Furthermore, northeastern British
Columbia has been a crucial area in the development of the
standard biochronology for the marine Triassic of North
America (Tozer, 1967, 1994; Orchard, 1983, 1991a, c;
Orchard and Tozer, 1997). On Williston Lake, to the south of
Trutch map area, a comprehensive conodont biochronology
has been developed and intercalibrated with ammonoid zones
of the Upper Carnian and Norian stages of the Upper Triassic
(Orchard, 1991c¢). In the absence of macrofossils, this has
enabled the dating and correlation of Triassic strata extending
from the subsurface of the Western Canada Sedimentary
Basin westward to the allochthonous terranes of the Cordil-
lera (Orchard, 1991b; Orchard and Tozer, 1997).

During the summer of 1998, Triassic formations in Trutch
and northern Halfway River map areas were sampled for
conodonts and other fossils (see Johns et al., 1999) in order to
provide a temporal framework for other studies, to establish
detailed regional stratigraphy and facies relationships, and to
generally test and refine the conodont zonal scheme. As a
prelude to anticipated new data, this paper reviews and sum-
marizes archival data from several sites in Trutch map area,
mostly from the Upper Triassic Baldonnel and Pardonet for-
mations. Combined with new field observations, the data,
although limited, emphasizes the differing nature of the
Upper Triassic succession in Trutch map area compared with
that seen to the south on Williston Lake. Conodont data from
the subsurface and sequence stratigraphic interpretations are
combined to provide a provisional stratigraphic framework
for the latest Triassic of the eastern foothills.

CONODONT BIOSTRATIGRAPHY

The basis of the Triassic conodont biochronology currently
available for the Western Canada Sedimentary Basin is sum-
marized by Orchard and Tozer (1997). At present, Lower Tri-
assic conodonts are unknown from the map area, and only
two Middle Triassic faunas are known. The two faunas come
from the Toad Formation at Mount Withrow and were
obtained from the matrix of ammonoids referred to the Ladin-
ian Poseidon (or possibly Matutinum) and Meginae zones
(Tozer, 1994, p. 317, 334; E.T. Tozer, pers. comm., 1997).
The former conodont fauna (GSC loc. 74758) is dominated
by Neogondolella ex gr. constricta allied to N. aldae from the
Upper Anisian-Lower Ladinian of Nevada and N. pseu-
dolonga from Europe. The younger fauna (GSC loc. 50043)
was reported by Mosher (1973) to contain single specimens
of Metapolygnathus excelsus and Neospathodus sp. D. The
first (unfigured) specimen could be one of several Paragon-
dolella species currently recognized in the Ladinian, whereas
the “Neospathodus” is reassigned here to an unnamed Pb
element.

46

Twenty-three Upper Triassic conodont collections are
currently known from five localities in Trutch map area
(Fig. 1). As is often the case, a variety of other microfossils
occur in the acid-insoluble residues, such as ichthyoliths,
micromolluscs, echinoderm fragments, and uncommon
ostracodes and foraminifers. Samples from the Baldonnel
Formation commonly contain some of these microfossils but
lack conodonts, as is the case in several collections from
south of the Muskwa River in northwest Trutch map area.
However, conodont collections have been recovered from the
upper Baldonnel Formation at Nevis Ranch and Klingzut
Mountain, where they are dated as Carnian and possibly basal
Norian (Fig. 2). Collections from the Pardonet Formation at
Nevis Ranch and Pink Mountain are Lower and Middle Norian.
This data broadly corresponds to the situation on Williston
Lake where the Baldonnel-Pardonet formation contact is
diachronous about the Carnian—Norian boundary, being lat-
est Carnian in the west at Pardonet Hill and Early Norian in
the east at Carbon Creek (Orchard and Tozer, 1997, Fig. 8). In
Trutch map area however, Early and Middle Norian conodont
collections from Chicken Creek and Moose Lick Creek come
from resistant, ledge-forming limestones superficially simi-
lar to those within the Baldonnel Formation. These limestone
units occur within the Pardonet Formation over a wide area in
the eastern foothills where they have sometimes been
assigned to the Baldonnel or Bocock formations.

ASSIGNMENT OF UNITS: BALDONNEL
OR PARDONET OR BOCOCK?

The Upper Triassic stratigraphic succession in the eastern
foothills commonly consists of (in ascending order) the Char-
lie Lake, Baldonnel, and Pardonet formations. The Ludington
Formation is a western, relatively offshore equivalent of the
Charlie Lake and Baldonnel formations and, in places (e.g.
Black Bear Ridge on Williston Lake), the basal part of the
Pardonet Formation (Orchard and Tozer, 1997). The Rhaetian
Bocock limestone overlies the Pardonet Formation in the
westernmost foothills between Williston Lake and Pine
River. Time correlative strata have only been identified for
certain to the west at Ne Parle Pas Point on Williston Lake
where a Pardonet Formation facies extends into the Rhaetian
(Orchard and Tozer, 1997). There is as yet no fossil evidence
of the Bocock limestone occurring to the north. The following
discussion focuses on the upper Baldonnel Formation and
younger stratigraphy.

The Baldonnel Formation (formerly upper “Grey Beds”
of McLearn, 1940) is typically a light-grey weathering, resis-
tant cliff-forming limestone and dolostone with minor silici-
clastic beds, chert nodules, and bioclastic beds. The Pardonet
Formation is characteristically dark brownish-grey weather-
ing, more recessive, and composed of dark, carbonaceous-
fetid and platy limestones and calcareous siltstones, with
lesser shale and dolomite; coquinas of the flat-clams (Halobia,
Eomonotis, Monotis) are common, and some levels include
common ammonoids and/or bone beds. The Bocock Forma-
tion is a cliff-forming, light-grey-weathering, medium- to
thick-bedded, relatively pure, finely crystalline to bioclastic
limestone.



Delineation of the boundary between the Baldonnel and
Pardonet formations may not always be clear-cut, whereas
the Bocock limestone is quite distinctive in its type area. The
contact between the first two formations was regarded as grada-
tional by McLearn and Kindle (1950, p. 53), although Gibson
(1971, p. 21; 1975, p. 7) noted that the contact is generally
sharp and distinct. Where gradational, as for example in the
area south of Peace River, Gibson (1975) placed the base of
the Pardonet Formation at the level where finely laminated,
thinly bedded strata formed the predominant lithology. At

M.J. Orchard

Pink Mountain, Gibson (1971, section 6) drew the base of the
Pardonet Formation below a distinctive ‘oolite-pisolite’ (or
‘pseudo-oolith’) limestone marker, which occurs a little
below the lowest recessive Halobia-shale unit typical of the
Pardonet Formation. To the north of Sikanni Chief River,
D.W. Gibson (pers. comm., 1996) noted that a light-grey- to
white-weathering limestone marks the top of the Baldonnel,
as at Chicken Creek, where the basal beds of the Pardonet
Formation are brownish-grey-weathering dolomitic

.z Sikannl
- D ChleIO

Figure 1.

Trutch map area showing Triassic
outcrops and sites from which cono-
dont collections have been recov-

123°
MAP 84G
TRUTCH N
BRITISH COLUMBIA Triassic strata
25 0 25 50 75
T Kilometres Conodont locality . ... e
Universal Transverse Mercator Contact .....
SAMPLE SITES
'\I‘I\llgp LOCALITY UTM ZONE 10
1 Klingzut Mountain 484600E, 6384700N
2 Nevis Ranch 477600E, 6359600N
3 Nevis Ranch 477800E, 6359400N
4 Loc. B, Chicken Creek 487100E, 6353200N
5 Chicken Creek 2 486300E, 6352700N
6 Loc. C, Chicken Creek 486850E, 6352400N
7 Loc. D, Chicken Creek 486550E, 6351500N
8 Mount Withrow 476000E, 6345000N
9 Moose Lick Creek 496100E, 6335500N
10 Pink Mountain 507700k, 6324000N
11 SW flank, Pink Mountain 507900E, 6323600N

ered prior to 1998. Sites 1-3, 5, 10
were sampled by D.W. Gibson, sites
4, 6, 7 by E.L. Nichols, site 8 by
B.R. Pelletier and E.T. Tozer, and
sites 9, 11 by the author. Inset is
location of Trutch map area in west-
ern Canada.

47



Current Research/Recherches en cours 1999-A

siltstones or silty dolomite. Pelletier (1964, p. 9) also drew the
base of the Pardonet Formation at the top of the “rather resis-
tant limestone that generally weathers light grey.”

In Trutch map area, the focus on ledge-forming, grey-
weathering limestones to define a top to the Baldonnel
Formation has, in practice, resulted in younger strata than is
typical being included in the formation. At Chicken Creek, for
example, grey ledge-forming limestones included in the Bal-
donnel Formation (Pelletier, 1964, section 8, unit 22) are late
Early Norian in age, whereas Gibson’s collections from the
top of the Baldonnel Formation (in his sense) in that area are lat-
est Carnian. In this case, the Lower Norian grey limestones are
apparently developed as a shallower water facies of the Pardonet
Formation. Similar limestones are seen at Pink Mountain and
again at Moose Lick Creek, where they are as young as early
Middle Norian (Fig. 2). These carbonates are recognized here
as a member of the Pardonet Formation. In some areas, for
example west of Klingzut Mountain, cliff-forming limestone
units such as these are accurately recognized to lie above a
Pardonet Formation facies, which has led to them being erro-
neously compared with the Bocock limestone.
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Figure 2, Upper Triassic conodont zones and the age of
collections (indicated by rhombi) from five localities showed
in Figure 1. Note age of conodont collections from
undisputed Baldonnel and Pardonet formations, and of
Baldonnel-like limestones within the Pardonet Formation.
The youngest preserved Triassic stratum below the
sub-Jurassic unconformity (wavy line) is based on the named
fossil bivalves.
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At both the easternmost section on Williston Lake near
Carbon Creek, and at several localities in the eastern foothills
of Trutch map area, some resistant limestone beds within the
Lower Norian Pardonet Formation contain abundant Gry-
phaea and other benthic bivalves. McLearn and Kindle
(1950, p. 50) regarded Gryphaea beds on Sikanni Chief River
as probable ‘Grey Beds’ (=Baldonne]) but available evidence
indicates that this fauna is typical of the Pardonet Formation,
as was originally stated by McLearn (1946, p. 9). Gryphaea
also occurs with Halobia in recessive platy strata typical of
the Pardonet Formation that underlies the resistant carbonate
rocks.

In the subsurface, the base of the Pardonet Formation is
sharp and usually defined at the base of shaly siltstones with
high gamma radiation (Barss and Montandon, 1981, p. 299).
Davies (1997, p. 653) has reviewed the character of this
boundary. Based on the signature of the gamma-sonic log, the
Pardonet Formation in the subsurface of the Sukunka River
region of the southern foothills has been subdivided into
informal units (P1-P4) by Barss and Montandon (1981). Unit
P1 and P2 are dominated by silty shales and limestones
whereas P3 and P4 are characterized by relatively clean lime-
stones and dolomites. Davies (1997, p. 653) has contrasted
the pelagic ‘type’ Pardonet Formation facies with the mainly
dolomitic ‘ramp facies’ of P1-P3 and the silty-sandy lime-
stone of P4. A change from ramp to pelagic facies occurs in
the subsurface to the northwest of Sukunka region. Conse-
quently, the subsurface Pardonet Formation units have not
been widely recognized in the outcrop belt, although it has
been speculated that unit P4 may be correlated to the Bocock
limestone (Barss and Montandon, 1981, p. 310; Davies,
1997, p. 648). This suggestion is viewed as unlikely because
three conodont collections from P4 subsurface strata in the
Sukunka region are early Middle Norian (Orchard and Tozer,
1997, p. 691), in contrast to the Rhaetian Bocock limestone.

Embry and Gibson (1995), Embry (1997), and Davies
(1997) have considered the Western Canada Basin Triassic
succession in terms of its sequence stratigraphy. The
Baldonnel-Pardonet formation contact is regarded as a sec-
ond order T-R sequence which demonstrably corresponds to,
or approximates the Carnian—Norian boundary. A major
change in depositional regimes sometimes accompanied by
unconformity characterize such a sequence boundary. Unlike
in the subsurface, there is no evidence of an unconformity
between the Baldonnel and Pardonet formations in Trutch
map area but the sharp contact seen at some localities and the
character of the bounding strata is consistent with a deepen-
ing event, and the incoming of the ‘pelagic’ conodont
Norigondolella navicula at (or near) the base of the Norian
may signify the flooding surface.

The ‘mid’-Norian is regarded by Embry (1997) as a third
order sequence boundary, which in general are characterized
by widespread transgressive surfaces, marginal unconformi-
ties, and by subtle changes in depositional regimes. In the
Sukunka region subsurface, this boundary is recognized as an
unconformity between Pardonet Formation members P3 and
P4 (Embry, 1997, p. 427; Davies, 1997, p. 655) and is marked
by a change from shallower to deeper water limestone with a
phosphate lag deposit at their contact. Conodont data



suggests that the Lower—Middle Norian boundary lies
beneath Pardonet Formation unit P4 (see above). Gibson and
Edwards (1990, p. 157) note the similarity of the subsurface Par-
donet Formation limestone lithologies to those of the Baldonnel
Formation, and the same comparison can be made with the
cliff-forming limestones in Trutch map area, which generally
underlie the Lower-Middle Norian boundary. On Williston
Lake, this boundary is a conformable surface but is neverthe-
less an important faunal turnover and a vertebrate bone hori-
zon occurs at this level at McLay Spur and Carbon Creek.
During the Middle Norian (within the postera conodont
Zone), a ‘surge’ of the pelagic conodont Norigondolella ste-
inbergensis, probably marks a flooding surface comparable
with the Early Norian N. navicula biofacies. This event
apparently wiped out the Gryphea community in the Trutch
map area sections and introduced a typical Pardonet Forma-
tion facies throughout northeast British Columbia.

In Trutch map area, the Lower Jurassic Fernic Formation
disconformably overlies the Pardonet Formation whereas far-
ther north Cretaceous strata rest directly on the Triassic; the
magnitude of the break increases to the northeast (Pelletier,
1964, p. 2). The youngest Triassic strata proven in Trutch
map area are Upper Norian Monotis-bearing strata at Moose
Lick Creek, Chicken Creek, west of Mount Stearns, and on
the south bank of Halfway River. Twelve metres (40 feet) of
Monotis beds are reported beneath the Lower Jurassic Fernie
Formation at Mount Stearns (Pelletier, 1964) but only half
that thickness occurs at Moose Lick Creek and even less at
Chicken Creek. Further east at Pink Mountain the youngest
Triassic strata preserved is upper Middle Norian, Eomono-
tis-bearing carbonate rocks (Fig. 2). There is currently no evi-
dence that Rhaetian strata survived erosion, or that the
Bocock limestone was ever developed in the Trutch map area.

SUMMARY

The base of Pardonet Formation, which approximates the
Carnian—Norian boundary, is recognized by the lowest occur-
rence of dark and recessive, fissile shaly and often coquinid
carbonate, and brown siltstone. These strata overlie grey-
weathering limestone of the Baldonnel Formation. In the
eastern foothills of Trutch map area, Early Norian to early
Middle Norian, resistant carbonates form cliffs, ledges, and
resistant ribs within the Pardonet Formation. The youngest
carbonate beds correlate to some strata assigned to Pardonet
Formation member P4 in the Sukunka region subsurface but
most are older. The carbonate is a shallower water facies
compared to typical Pardonet Formation and supports the
notion of a mid-Norian regressive interval prior to a wide-
spread early Middle Norian transgression. In Trutch map
area, the top of the carbonate member lies a little above the
Lower—Middle Norian boundary and may be correlated with
the third-order sequence boundary recognized in the subsur-
face. Both the Lower and Middle Norian transgressions are
marked by ‘floods’ of the conodont Norigondolella.

M.J. Orchard
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Progress on Triassic ichthyolith biostratigraphy and
regional thermal-maturation studies, Trutch and
Halfway map areas, northeastern British Columbia

M.J. Johns!, C.R. Barnes?, and M.J. Orchard
GSC Pacific, Vancouver

Johns, M.J., Barnes, C.R., and Orchard, M.J., 1999: Progress on Triassic ichthyolith
biostratigraphy and regional thermal-maturation studies, Trutch and Halfway map areas,
northeastern British Columbia; in Current Research 1999-A; Geological Survey of Canada,
p. 51-59.

Abstract: Ichthyolith (fish tooth and scale) biostratigraphic and thermal-maturation studies in Trutch
(94 G) and Halfway River (94 B) map areas have been directly calibrated with ammonoid and conodont
zonations, and the conodont geothermometric index. The goals of this study, supported through the
LITHOPROBE SNORCLE and the Central Foreland NATMAP projects, are a refinement of the current
provisional ichthyolith zonation, development of an ichthyolith colour alteration index for maturation
assessments, and interpretation of environmental and paleogeographic factors that effect ichthyolith distri-
butions. Ichthyoliths are a new tool for the development of a tectonostratigraphic framework for Triassic
rocks of the region and in future hydrocarbon exploration.

Résumé : Les études portant sur la biostratigraphie et la maturation thermale des ichthyolithes (dents et
écailles de poissons) dans les régions cartographiques de Trutch (94 G) et de la riviere Halfway (94 B) ont
été étalonnées directement avec des zonations d’ammonoidés et de conodontes et I’indice géothermométri-
que des conodontes. Les objectifs de la présente étude, qui a regu I’appui du transect SNORCLE du projet
LITHOPROBE et du Projet de 1’avant-pays central du CARTNAT, sont de mieux définir la zonation provi-
soire des ichthyolithes, d’élaborer un indice d’altération des couleurs des ichthyolithes & des fins d’évaluer
de la maturation, et d’interpréter les facteurs environnementaux et paléogéographiques qui ont une inci-
dence sur la répartition des ichthyolithes. Ces ichthyolithes constituent un nouvel outil pour I’exploration
des gisements d’hydrocarbures et pour la définition du cadre tectonostratigraphique des roches triasiques de
la région.

1'p 0. Box 220, Brentwood Bay, British Columbija VM 1R3
2 School of Earth and Ocean Sciences, University of Victoria, P.O. Box 3055, Victoria, British Columbia V8W 3P6
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INTRODUCTION

Triassic strata are exposed in both the Trutch (94 G) and
Halfway (94 B) map areas and extend north into the Yukon
and south through the eastern Cordillera. The current
LITHOPROBE SNORCLE Corridors 2 and 3 program, as
well as the GSC Central Foreland NATMAP project in the
Trutch map area, provide an excellent opportunity for a mul-
tidisciplinary study of Triassic strata in this region.

Central to these studies are the development, refinement,
and application of intercalibrated fossil zonations. Triassic
biochronology has direct geological application in the
tectonically disrupted terranes of the western Cordillera, and
in the subsurface of the Western Canadian Sedimentary
Basin, known for its petroleum fields (Edwards et al., 1994).
One-third of discovered in-place gas reserves of the Triassic
are located in the Cordilleran Foreland Belt (Bird et al.,
1994). Correlation of outcrop and subsurface stratigraphy is
essential for petroleum exploration, as is understanding the
controlling factors on transgressive-regressive events, tec-
tonic activity, underlying topography, variations in sediment
supply, and climate and sea-level changes.

This report outlines progress on the study of ichthyoliths
and how they are being used to develop a baseline ichthyolith
biostratigraphy and biofacies in Triassic strata. Ichthyoliths
are microscopic disarticulated structures of fishes, including
teeth, scales, and bones. They have a broad distribution in
pelagic environments, may be recovered from small samples
of both marine and nonmarine sedimentary rocks, have along
range (Cambrian to Recent), and are naturally resilient during
diagenetic and laboratory processes. The project builds on
earlier work in the southern and central Halfway map area
(Johns, 1993, 1996; Johns et al., 1997) that demonstrated the
abundance of well preserved ichthyoliths in Triassic strata,
established a preliminary ichthyolith biostratigraphy for the
Middle and Upper Triassic, and intercalibrated these data
with conodont and ammonoid zonations in the region.

PROJECT OBJECTIVES

The principal objectives of this project are as follows:

1. to test, calibrate, and refine the provisional Middle and
Upper Triassic ichthyolith zonation of northeastern
British Columbia and extend stratigraphic coverage to
include the Lower Triassic and Lower Jurassic;

2. to recognize and interpret regional variations in
ichthyolith successions and biofacies along and across the
strike of the foreland belt;

3. to develop an ichthyolith colour alteration index and
recognize regional thermal-maturation patterns;

4. to analyze differences between fauna recovered from
shale and limestone beds; and

5. to investigate key stratigraphic and biological event
intervals (e.g. Phosphate Zone; Carnian—Norian
boundary, Triassic—Jurassic boundary).
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The combination of the ichthyolith studies with other stra-
tigraphic and biostratigraphic work should help to resolve the
regional tectonostratigraphic framework for the western mar-
gin of the Western Canada Sedimentary Basin during the
early Mesozoic.

STRATIGRAPHIC CONTEXT

Edwards et al. (1994) and Davies (1997) provided an over-
view of Triassic stratigraphy in the Western Canadian
Sedimentary Basin. Nomenclature and correlation of Triassic
formations in northeastern British Columbia (Gibson, 1993)
is shown in Figure 1. Stratigraphic revisions and mapping in
the Trutch map area and vicinity were undertaken in the
1960s and 1970s (summarized in Edwards et al., 1994). Pel-
letier (1964) and Pelletier and Stott (1963) discussed stra-
tigraphy and sections specifically in the Trutch map area.
Gibson (1990, 1991, 1993) more recently refined the northern
British Columbia stratigraphy. Thompson’s (1989) work
specifically addressed the structure and geological evolu-
tion of the Halfway map area. Transgressive-regressive
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] Rhaetian Bocock Fm E
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=]
k 5
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= g | DuceteMb € | DucetteMb >
& &)
Carpian | § ks
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= Dienerian
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Figure 1. Triassic stratigraphy of northeastern British

Columbia (after Gibson, 1993). The extent of the hiatus at the
top of the Upper Triassic is uncertain.



cycles, including 12 global high-order sequence boundaries
in the Triassic succession of the Western Canadian Sedimen-
tary Basin are discussed by Embry (1997).

Triassic basin sedimentation was easterly derived, kept up
with subsidence, and reached a thickness of over 1200 m in
the western foothills and thinned to about 600 m at the British
Columbia—Alberta border (Cant, 1988; Gibson and Edwards,
1990; Gibson, 1991). Sedimentary rocks to the east represent
shallow-water environments including lagoons, sabkha and
tidal flats, while those to the west represent deeper marine-
shelf facies (Gibson and Barclay, 1989; Gibson and Edwards,

1990).

M.J. Johns et al.

A biochronological framework for the Triassic rocks of
the Peace River area has been provided for ammonoids and
conodonts by Tozer (1967, 1994), Orchard (1983, 1991), and
Orchard and Tozer (1997). Recently, work on Middle and
Late Triassic ichthyoliths from northeastern British
Columbia (Johns, 1993, 1996; Johns et al., 1997) has estab-
lished a provisional ichthyolith zonation that is calibrated
with the conodont and ammonoid zonations (Fig. 2). Devel-
opment of a zonation based on fishes will supplement the bio-
chronological framework and provide important data on the
distribution of Triassic fishes.

Triassic articulated fossil fishes in British Columbia have
been reported from the Sulphur Mountain Formation in the
Wapiti Lake area (Schaeffer and Mangus, 1976; Neuman,
1992) and the Kakwa Recreation Area, north of Wapiti Lake

L2} PROVISIONAL
w &) AMMONOID CONODONT ICHTHYOLITH
B smace | §|  ZONES ZONES ZONES
?,,J g Tozer 1994 Orchard 1991 Ha]_fway River area
7 Johns, et al. 1997
C. crickmayi M. posthernsteini
RHAETIAN P amoenum E. mosheri
-------------------------- U G. cordilleranus E. bidentata
v
E. serrulata
I
M. columbianus| 11 E. postera
M I E. elongata
v | NORIAN E. spiculats Synechodus
“ J. magnus E. triangularis
; L M. dawsoni
- E. quadrata
.y S. kerrt - M. primitius
= K macrolobatus M. commumisti
9
-9
) i Synechodus
U T welleri M. nodosus multinodosus
I
CARNIAN
T. dilleri
S. nanseni
L A. obesum M. polygnathiformis unzoned
T. desatoyense
('55) F, sutherlandi B. mungoensis Coniunctio
§ P S — aequirugosa
| LADINIAN M. meginae B. hungaricus
=
[a) T. poseidon Ng. 1d. B
L % E. matutinum \M_ ]

Figure 2. Ladinian and Upper Triassic biochronology, northeastern British
Columbia, showing intercalibration of ammonoid and conodont zones
(Orchard and Tozer, 1997) and ichthyolith zones (Johns et al., 1997).
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Figure 3. Index map of northeastern British Columbia illustrating sites where microfossil samples were
collected in 1997 and 1998, and possible future collection sites.



(Pell and Hammack, 1991). The fishes are diverse, com-
monly occupy specific paleoecological niches, and are simi-
lar to those found in other Triassic rock localities in East
Greenland, Spitzbergen, and Madagascar (Neuman, 1992).
During the Triassic, the new sharks (neoselachians) and the
earliest modern bony fishes (teleosts) were first developing.
In addition, there were sharks and bony fishes that shared
more characteristics with older Paleozoic forms.

1998 FIELDWORK

During the summer of 1998, studies were focused on the
southern Trutch and northern Halfway map areas on outcrops
along mountain ridges and slopes at approximately 1800 to
2400 m elevation (Fig. 3). Approximately 140 limestone and
75 shale samples were collected. Localities and formations
sampled in the Trutch map area include Pink Mountain
(Baldonnel, Pardonet, and Fernie formations), Moose Lick
Creek ridge (Charlie Lake, Baldonnel, and Pardonet forma-
tions), Chicken Creek ridge (Pardonet Formation), Mount
Wright/Turnoff Creek (Liard, Charlie Lake, Baldonnel, and
Pardonet formations) (Fig. 4), Sikanni Chief River (Pardonet
Formation), and Townsley Creek east (Pardonet Formation).
In the Halfway map area, sections were sampled on a ridge at
the headwaters of Chowade River (Grayling and Toad forma-
tions), and a ridge at the headwaters of Cypress Creek at
Laurier Pass (Charlie Lake and Baldonnel formations).
Macrofossils were collected at most sites.

Plans for 1999 fieldwork will be based on microfossil
recovery and results from 1998 samples. New site targets for
sampling are shown in Figure 3. Geological mapping during
1998 and 1999 will assist in locating the best Triassic and
Lower Jurassic sections for microfossil sampling.

M.J. Johns et al.

ICHTHYOLITH FAUNAS

Preliminary results are based on good ichthyolith recovery
from 11 spot samples collected by Orchard in 1997 at Pink
Mountain (GSC loc. 303439 to 303444) and Moose Lick
Creek ridge (GSC loc. 303445 to 303449). All the samples at
Moose Lick Creek ridge contain ichthyoliths and most con-
tain conodonts (Orchard, 1999). Three of these samples con-
tain important elasmobranch (shark) faunas, diagnostic of the
Lower and Middle Norian Synechodus incrementum ichthyo-
lith Zone (Johns et al., 1997) (Plate 1, figs. 6-9). One sample
from the uppermost Upper Norian strata contains a new ich-
thyolith elasmobranch assemblage, not previously described
from northeastern British Columbia (Plate 1, figs. 1-5). This
fauna and a new terrane ichthyolith assemblage currently
being studied from the latest Triassic Tyaughton Group in
southern British Columbia (NTS 92-O; Umhoefer and
Tipper, 1998), will be important to refine the Synechodus
incrementum ichthyolith Zone in the Upper Norian and
understand biotic changes at the Triassic—Jurassic boundary.

Three 1997 samples collected at Pink Mountain contain
ichthyoliths and conodonts from the Lower, Middle, and
uppermost Middle Norian strata (Orchard, 1999). Ichthyo-
liths in these samples were dominated by actinopterygian
teeth that also are common in the Moose Lick Creek ridge
samples. Both these sites show considerable promise for
Norian ichthyolith studies. Examples of Upper Triassic ich-
thyoliths are illustrated in Plate 1.

THERMAL MATURATION STUDIES

Conodonts show progressive and irreversible chemical and
colour change in response to burial time and thermal condi-
tions in sedimentary basins (Epstein et al., 1977; Legall et al.,
1981; Nowlan and Barnes, 1987; Rejebian et al., 1987,
Orchard and Forster, 1991). This is useful for assessing
organic maturation and hydrocarbon potential (Fig. 5).

Figure 4.

The west flank of Mount Wright above Turnoff
Creek. Triassic strata showing the predomi-
nantly darker beds of the Toad Formation (T) and
looking up-section (and left) to the cliff forming
units of the Liard Formation (L), the Charlie
Lake Formation (C) mainly in cover in the sad-
dle, the Baldonnel Formation (B) exposed on the
upper ridge, and the Pardonet Formation (P)
mainly in cover at the top of the section.
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Figure 5. Correlation of temperature values with conodont
colour alteration index (CAl) ranges (Epstein et al., 1977;
Rejebian et al., 1987), hydrocarbon generation values
(Legall et al., 1981), and conodont and ichthyolith colour
alteration range from samples at Moose Lick Creek ridge and
Pink Mountain.

Like conodonts, ichthyoliths show similar colour change
patterns (Tway et al., 1986; Johns et al., 1995). An actinop-
terygian (bony fish) tooth, Birgeria sp.1 is particularly useful
for colour analysis. This species has a simple form (Plate 1,
figs. 14, 15), is abundant, and is long ranging — it occurs in
most of the samples so far studied in the Middle and Upper
Triassic. Using this species in thermal assessments will pro-
vide consistent results. Anichthyolith colour alteration index
is currently under development.

Ichthyolith colour changes in northeastern British Colum-
bia occur within a spectrum of conodont colour alteration
indices (CAI) ranging from about 1.5 to 5.0. Triassic samples
from the eastern Peace Reach (Williston Lake) area contain-
ing both conodonts and ichthyoliths are less altered than those
in western sections. Initial analyses of ichthyolith colour in
the 1997 spot samples (Fig. 5) correlate with a conodont CAI
of 1.5 to 2.0 at Moose Lick Creek ridge and Pink Mountain.
Both sites are in the hydrocarbon window.
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Plate 1

Scanning electron microscope images of Upper Triassic ichthyoliths from northeastern British
Columbia.

Figures 1-5. Moose Lick Creek ridge, sample 97-OF-ML-11, GSC loc. C-303449; Upper Norian; x92.
Figure 1. Unidentified elasmobranch tooth, Type A1, GSC 118202, width = 325 microns.

Figure 2. Unidentified elasmobranch tooth, Type A2, GSC 118203, width = 290 microns.

Figure 3. Unidentified new form species of elasmobranch scale, f.sp. B1, GSC 118204,

width = 180 microns.

Figure 4. Unidentified new form species of elasmobranch scale, f.sp. B2, GSC 118205,

width = 265 microns.

Figure 5. Unidentified new form species of elasmobranch scale, f.sp. B3, GSC 118206,

width = 237 microns.

Figures 6-9. Moose Lick Creek ridge, sample 97-OF-ML-7, GSCloc. C-303445; uppermost Lower Norian;
x52.

Figure 6. Elasmobranch tooth, Synechodus incrementum Johns 1997; GSC 118207, width = 1.74 mm.
Figure 7. Elasmobranch scale, Fragilicorona labribrevirostrum s.f. Johns 1997; GSC 118208,

width = 350 microns.

Figure 8. Elasmobranch scale, Glabrisubcorona vadosidevexa s.f. Johns 1997; GSC 118209,

width = 460 microns.

Figure 9. Elasmobranch scale, Suaviloguentia longilingua s.f. Johns 1997; GSC 118210,

height = 842 microns.

Figure 10. Black Bear Ridge, sample 82-OF-BBR-1, GSC loc. C-101002; Upper Carnian. Elasmobranch
tooth, Synechodus multinodosus Type A Johns 1997; GSC 118211, width = 1.31 mm; x52.

Figure 11. Black Bear Ridge, sample 92-OF-BBR-1, GSC loc. C-201927; Upper Carnian. Elasmobranch
tooth, Synechodus multinodosus Type B Johns 1997; GSC 118212 width = 2.16 mm, x52.

Figure 12. Black Bear Ridge, sample 92-OF-BBR-3, GSC loc. C-201929; Upper Carnian. Elasmobranch
scale, Labascicorona mediflexura s.f. Johns 1997; GSC 118213, width = 696 microns, x52.

Figures 13-15. Pink Mountain, sample 97-OF-PINK-4, GSC loc. C-303442; Lower Norian. Actinoptery-
gian teeth.

Figure 13. Colobodus sp.1 (in Johns 1993), GSC 118214, width = 253 microns, height =385 microns, x62.
Figure 14. Birgeria sp.1 (in Johns 1993), GSC 118215, height = 1.32 mm, x39.

Figure 15. Birgeria sp.1 (in Johns 1993), side view, GSC 118216, height = 1.29 mm, x39.

Figure 16. Black Bear Ridge, sample 92-OF-BBR-4, GSC loc. C-201930; Upper Carnian. Unidentified
actinopterygian scale, Type GS-2 (in Johns 1993), GSC 118217, height = 1.74 mm, x31.

Figure 17. Black Bear Ridge, sample 92-OF-BBR-1, GSC loc. C-201927; Upper Carnian. Unidentified
actinopterygian scale, Type GS-1 (in Johns 1993), GSC 118218, height = 1.23 mm, x31.
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A new look at the Robb Lake carbonate-hosted
lead-zinc deposit, northeastern British Columbia’

Suzanne Paradis, JoAnne L. Nelson?, and Willem Zantvoort?
Mineral Resources Division, Sidney

Paradis, S., Nelson, J.L., and Zantvoort, W., 1999: A new look at the Robb Lake carbonate-hosted
lead-zinc deposit, northeastern British Columbia; in Current Research 1999-A; Geological
Survey of Canada, p. 61-70.

Abstract: The Robb Lake Pb-Zn deposit occurs in platform carbonate rocks of the Silurian-Devonian
Muncho and McConnell formations, northeastern British Columbia. It consists of approximately 19 known
stratabound lead-zinc showings hosted by interconnected bedding-parallel and crosscutting breccia bodies
in as much as 200 m of stratigraphic sequence. The main sulphide minerals are sphalerite, galena, and pyrite.
Not all the breccias are mineralized. The favorable mineralized sections form a broad stratabound zone
occupying the upper 200 m of the lower unit of the Muncho and McConnell formations and the lower 130 m
of upper unit of the Muncho and McConnell formations. The origin and timing of brecciation and minerali-
zation are unknown and will be the subjects of future studies.

Résumé : Le gisement de Pb-Zn de Robb Lake se rencontre dans des roches carbonatées de plate-forme
dans les formations siluriennes—dévoniennes de Muncho et de McConnell, dans le nord-est de la
Colombie-Britannique. Il comporte environ 19 indices stratoides connus de plomb et de zinc encaissés dans
des bréches reliées les unes aux autres qui sont paralléles a la stratification ou la recoupent sur jusqu’2200 m
de la succession stratigraphique. Les principaux minéraux sulfurés sont la sphalérite, la galéne et la pyrite.
Les bréches ne sont pas toutes minéralis€es. Les sections minéralisées favorables forment une large zone
stratoide dans les 200 m supérieurs de 1’unité inférieure et les 130 m inférieurs de I’unité supérieure des
formations de Muncho et de McConnell. 1.’origine et I’age de la bréchification et de la minéralisation sont
inconnus et feront 1’objet de futures études.

! Contribution to the Central Forelands NATMAP Project

2 British Columbia Ministry of Energy and Mines, Geological Survey Branch, P.O. Box 9320, Sth Floor,
1810 Blanshard Street, Victoria, British Columbia V8W 9N3

3 SEOS, University of Victoria, British Columbia
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INTRODUCTION

The Robb Lake Pb-Zn deposit is located in the platform car-
bonate rocks of northeastern British Columbia (56°56’N,
123°43°W; 94 B/13; Fig. 1). The deposit consists of a series
of interconnected bedding-parallel and crosscutting breccia
bodies within the Silurian-Devonian dolostone of the
Muncho and McConnell formations. The main sulphide min-
erals are sphalerite, galena, and pyrite, and the gangue miner-
als are quartz, calcite, and pyrobitumen. Robb Lake has an
estimated resource of 7.1 million tonnes at4.7% Zn and 1.5%
Pb (A.J. Boronowski and S.C. James, unpub. Report, 1982).

The timing and mode of origin of the Robb Lake minerali-
zation are controversial. The host breccias were attributed to
early karst collapse by Taylor (1977) and to collapse related
to evaporite dissolution by Manns (1981). In these models,
mineralization was a late diagenetic or early postdiagenetic
process of mainly passive infilling and replacement. On the
other hand, Macqueen and Thompson (1978) advocated
hydraulic cracking as the mechanism of brecciation. They
hypothesized a Laramide age for the deposit based on the co-
occurrence of metals and petroleum, and on the observation
that burial depths necessary to produce temperatures greater
that 200°C in Silurian-Devonian strata were not achieved
until the Mesozoic.
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This re-evaluation of the Robb Lake deposit is a joint
Geological Survey of Canada—British Columbia Geological
Survey project. It has the following aims: 1) map the deposit
area at a scale of 1:20 000, 2) describe the deposit and work
toward a better understanding of the nature and origin of the
breccias and the mineralization, and 3) produce an absolute
age by Rb-Sr methods on sphalerite (Christensen et al.,
1996). This paper summarizes the fieldwork done during the
summer of 1998, and introduces the Rb-Sr analytical study
that will be completed in 1999.

APPROACH

A total of ten samples from various lead-zinc showings of the
Robb Lake area were submitted to the University of Michigan
for Rb-Sr dating of sphalerite. The Rb-Sr dating of the Robb
Lake mineralization, if successful, will provide an absolute
age on the mineralization and constrain the timing of fluid
flow in the Presqu’ile Barrier, an hypothesized paleoaquifer
for the brines that produced Pine Point lead-zinc mineraliza-
tion (Garven, 1985). Theory, methods, successes, and pitfalls
of the technique are explained by Christensen et al. (1996).

Carbonate samples were collected from surface expo-
sures around the Robb Lake area for carbon and strontium
isotope studies. Sulphide samples were collected from show-
ings and from drill cored intervals of the Devonian Presqu’ile
Barrier from the British Columbia subsurface, east of the
Rocky Mountain front (cores stored at the Charlie Lake Core
Storage facility) for lead and sulfur isotope studies. Lead sig-
natures may help in tracing the fluid flow regimes that gave
rise to regional carbonate-hosted sulphide mineralization.

PROPERTY GEOLOGY

The Robb Lake Pb-Zn deposit is part of a belt of Mississippi
Valley-type deposits in the northern Rocky Mountain. The
deposits are hosted by Silurian-Devonian platform
dolostones that form part of the outcropping Paleozoic car-
bonate front (Thompson, 1989), which trends north-
northwest and is flanked on the west by a shale basin. In the
subsurface, the Devonian carbonate front turns eastward to
become the Presqu’ile Barrier, which hosts the Pine Point
lead-zinc deposit.

Most of the lead-zinc mineralization at Robb Lake occurs
within the Muncho and McConnell formations, although a
few occurrences lie within an overlying sequence attributed
to the Stone and Dunedin formations (Fig. 2). As noted by
Macqueen and Thompson (1978), Thompson (1989), and in
the present study, the deposit is located next to the tectoni-
cally compressed shelf-slope facies boundary. The carbonate
platformal strata that host the Robb Lake deposit form the
immediate footwall of a major thrust fault, which carries
deep-water, early Paleozoic basinal strata in its hanging wall.

»
»

Figure 2. Geology of the Robb Lake deposit area.

Figure 1. Location of the Robb Lake Pb-Zn deposit (modified
Jrom Thompson, 1989).
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The main stratigraphic units encountered in the Robb
Lake area are described below and their distribution is illus-
trated in Figure 2. They are divided into two disparate stra-
tigraphic sequences (basinal and platformal units) separated
by the major thrust fault southwest of Mississippi Creek.
Basinal units in the hanging wall of the fault include the
Cambrian—Ordovician Kechika Group, the Ordovician Skoki
Formation, the Ordovician—Silurian Road River Group, and
unnamed units of Silurian-Devonian quartzite-dolomite and
Silurian dolostone breccia. Northeast of the fault, the platfor-
mal succession includes the Silurian Nonda Formation, the
Silurian—~Devonian Muncho and McConnell formations, the
undivided Lower Devonian Stone and Middle Devonian
Dunedin formations, and the Upper Devonian Besa River
Formation.

Basinal units
Kechika Group

The Kechika Group is restricted to a single cliff-ridge top
exposure in the immediate hanging wall of the major thrust
fault. It consists of medium to dark grey, orange-brown- to
olive-weathered, calcareous shale and slate characterized by
very distinct colour laminations in the millimetre to centime-
tre range. It is very well cleaved, forming papery to flaggy
cleavage fragments. These rocks resemble the eastern facies
of the Besa River Formation and were assigned to it by
Thompson (1989). However we have assigned them to the
Kechika Group based on their slaty character, which con-
trasts with the softer, muddier Besa River shale units, and on
their contact with the underlying Muncho and McConnell
formations, which is nonoutcropping and structurally discor-
dant at outcrop scale. If this contact is a thrust fault, then the
complete absence of Stone and/or Dunedin strata along it is
“explained. These strata are overlain directly by the Road
River Group; the Skoki Formation, which outcrops farther
northwest in the headwaters of Mississippi Creek, is missing.

Skoki Formation

The Skoki Formation, which outcrops on the southwest wall
of the cirque that heads Mississippi Creek, is subdivided into
two distinct units. The lower part of the Skoki Formation con-
sists of 70 m of thickly bedded, cliff-forming dolostone. It is
light to medium grey, muddy, and carbonaceous. The upper
Skoki Formation is a recessive unit of light-brown- to
chalky-orange-weathering, light to medium grey, thinly bed-
ded silty dolostone. Beds are up to 50 cm thick. This unit con-
tains bivalves, abundant burrow structures, and rare
trilobites.

Road River Group

The Road River Group is dominated by nonfossiliferous
flaggy slate and calcareous slate and well cleaved, dark grey
to black carbonaceous limestone. Less abundant are white
quartzite and thickly bedded, highly fossiliferous carbona-
ceous limestone densely packed with fragments of corals and
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brachiopods. This highly heterogeneous section is typical of
the Road River Group near shelf margins. It is overlain by an
unnamed Silurian—Devonian dolostone and quartzite unit in
the lower of the two thrust sheets, and by the Silurian breccia
in the upper one.

Silurian breccia

The Silurian breccia is a thin, cliff-forming dolostone breccia
that extends for 30 km from Lady Laurier Lake (south of
Robb Lake) to Mount Kenny (immediately west of Robb
Lake; Thompson, 1989). The breccia overlies the Road River
Group on the ridge tops at the headwaters of Mississippi
Creek (Fig. 2). Breccia beds consist of medium to dark grey,
angular to subangular dolostone and black chert fragments in
grey dolomite cement. They also contain abundant and well
preserved fossil fragments of halysites, favosites, and colo-
nial corals. The dolostone fragments exhibit grey-black lami-
nations on the millimetre to centimetre scale. The breccia
itself is bedded on the centimetre to decametre scale; sets of
thin dolostone calcilutite and calc-arenite and small-clast
breccia alternate with thick units of unsorted, matrix-
supported megabreccia.

According to Thompson (1989), the fragments are all
derived from the Nonda Formation, and the unit is interpreted
as a debris flow (or succession of debris flows) deposited on
the foreslope of a Nonda reef.

Silurian-Devonian dolostone and quartzite

This unnamed unit lies in exposed stratigraphic contact above
the Road River Group on the ridge southwest of Mississippi
Creek. It consists of a basal thick-bedded, grey quartzite,
overlain by light grey, thick-bedded dolostone and quartzite.
No fossils were seen. It is correlated with the Silurian—
Devonian shelf dolostone-sandstone units farther northeast.

Platformal units
Nonda Formation

The Nonda Formation is a distinctive medium-grey- to dark-
grey-weathering, fossiliferous dolostone. Fossils include cri-
noids, halycites, and favosites. The alternating medium to
dark grey beds make the Nonda Formation unmistakable.
Bedding thickness ranges from 0.15 to 2 m. Locally fine cal-
careous laminations are observed. Chert nodules and silici-
fied fossils are common throughout the unit. The Nonda
Formation exposed at Robb Lake forms the core of the Robb
Anticline.

Muncho and McConnell formations

The Muncho and McConnell formations form most of the
high peaks adjacent to the mountain front (Thompson, 1989).
It consists almost entirely of light-grey-weathering resistant
dolostone and sandy dolostone, except for a few beds of dark
grey micritic limestone. The Muncho and McConnell



formations are more than 500 m thick in the Robb Lake area,
and consists of fine-grained crystalline dolomite that formed
largely in alow energy, intertidal to supratidal environment.

At Robb Lake, the Muncho and McConnell formations
can be subdivided into upper and lower units based on bed-
ding thickness, and outcrop and bedding characters. The
lower unit is a light to medium grey, thick- to medium-bedded
dolostone approximately 250 m thick. On closer inspection,
the lower unit consists of a cyclic repetition of thick dolostone
beds, and thinner, often laminated and more recessive
dolostone beds. A sandstone unit less than 50 m thick is pres-
ent at the base of the lower unit. A marker bed, known as the
“angular sand marker”, is present within the dolostone
sequence at about 110 m below the top of the unit (Manns,
1981). It corresponds to a local disconformity. The upper-
most 30-50 m of the lower unit are particularly thick bedded
and often form major cliffs. On Tennessee Mountain (i.e.
near the North Face and Camp showings), parts of this upper
section consists of thick-bedded to massive limestone pods
that pass laterally and vertically into the typical thick
dolostone beds. Sedimentary textures within the lower unit
include abundant fenestrae, less common cryptalgal
laminites, burrows, and rare intervals that show current lami-
nations and rip-up clast breccias. Large brachiopods (average
5-10 cm long) are common within the thick dolostone beds of
the upper half of the unit. Gastropods, amphiporids, stro-
matolites, fragments of bivalves, and other unidentified fos-
sils were also observed in the lower unit. Taylor (1977) linked
the presence of fossils within the Muncho and McConnell
formations near Robb Lake to the proximity of the
Silurian—-Devonian facies front.

The upper unit is 250-300 m thick, and consists of thick-
to medium-bedded, light to medium grey dolostone that alter-
nates with thin-bedded, medium grey dolostone in a charac-
teristic banded or stepped outcrop pattern. The rhythmic
sequence of the upper unit is better developed than in the
lower unit, and the thin bedded dolostone intervals are more
extensive. The basal sequence (0-25 m) of the upper unit is
composed of laminated dark grey silty dolomite mudstone
with local sand concentrations. A marker bed known as the
‘pale sand marker’, 1-2 m thick, was identified in drill holes
in Webb Ridge (Manns, 1981). Fragments of limestone beds
are observed at the base of the mineralized breccia at the
T.G.S. showing.

Taylor (1977) and Manns (1981) interpreted a discon-
formity to be at the top of the lower unit and at the top of the
upper unit. These disconformities indicate the presence of
significant erosion surfaces, as marked by the presence of
sand markers (angular sand marker and pale sand marker),
scour surfaces, and soft-sediment deformation features.

Stone and Dunedin formations

The Stone and Dunedin formations could not be distin-
guished in the Robb Lake area, so they are described together
in this section. They consist of interbedded medium to dark
grey fossiliferous, partly calcareous dolostone and light to
medium grey, buff-weathering fossiliferous and
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nonfossiliferous dolostone. Some fossiliferous limestone is
black (possibly reef-front) breccia. Fossils include brachio-
pods, gastropods, crinoids, rugosa and colonial corals, and
locally crinoid wackestone.

This unit, which is thin and discontinuous, is nowhere
capped by a single, thick, dark grey, fossiliferous carbonate
unit assignable to the Dunedin Formation. Nevertheless it
may be partly time-equivalent to it.

Besa River Formation

The Besa River Formation outcrops in three areas: in the core
of a syncline east of the main showing area, in the footwall of
the Sidenius thrust fault in the core of the Robb Anticline, and
in a narrow band in the immediate footwall of the major thrust
fault in the headwaters of Mississippi Creek (Fig. 2). In its
eastern exposures, the Besa River Formation consists of soft
brown-grey-weathering, finely laminated dark grey to black
calcareous to noncalcareous argillite-shale and siltstone. In
its western exposure, it consists of dark grey to black, sili-
ceous argillite and shale with silt laminae.

MINERALIZATION

The Robb Lake deposit consists of approximately 19 known
stratabound lead-zinc showings hosted by breccias of the
Silurian—Devonian platform carbonate succession of the
Muncho and McConnell formations. A few occurrences lie
within the overlying sequence attributed to the Stone and
Dunedin formations. Most of the showings occur along the
valley of Mississippi Creek and the adjacent mountain slopes
(Fig. 2).

The breccias are interconnected, bedding-parallel and/or
crosscutting bodies in as much as 200 m of stratigraphic sec-
tion (Fig. 3). Not all the breccias are mineralized. The favor-
able mineralized sections form a broad stratabound zone
occupying the upper 200 m of the lower unit of the Muncho
and McConnell formations and the lower 130 m of the upper
unit; a 70 m thick, barren section separates the mineralized
zones (A.J. Boronowski and S.C. James, unpub. report,
1982).

The mineralized zones have a northwesterly elongation
and alignment, parallel to the strike direction and to the struc-
tural and paleofacies features. The breccia bodies form rela-
tively thin and narrow horizons and pods that are both parallel
to and crosscut bedding (Fig. 2, 3). Several bodies extend for
more than 300 m along bedding and crosscut more than 50 m
of section. The shape and extend of several breccia bodies are
well exposed on the south and north slopes of Tennessee
Mountain and along Mississippi Creek. It demonstrates that
the showings along the creek, such as the Lower, Canyon, and
Cascade zones, are stratigraphically equivalent to those on
the south side of Tennessee 