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ITINERARY

Day 1 - September 10

Edmonton - Dawson Creek. Overnight Dawson Creek.

Day 2 - September 11

Dawson Creek - Chetwynd. Overnight Chetwynd.

Road outcrops between Fort St. John and the W.A.C. Bennett
Dam and between Hudson Hope and Chetwynd will be examined.

Time will be available for the B.C. Power and Hydro tour of
ghe dam. Outcrops will be examined in the vicinity of the
am.

Day 3 - September 12

Chetwynd - Prince George. Overnight Prince George.

The day will be spent examining roadside outcrops between
these points.

Day 4 - September 13

Prince George - Edmonton.

Outcrops will be examined on the route Prince George - Tete
Jaune Cache - dJasper. Dinner near Jasper.
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A DISCUSSION OF THE STRATIGRAPHY AND STRUCTURE 1.
IN THE SUKUNKA AREA OF BRITISH COLUMBIA*

by L. Matwe and C. Bos

Central-Del Rioc 0Qils Limited

INTRODUCTION

The Sukunka area is situated seventy-five miles southwest of
Dawson Creek, British Columbia {see index map Figure 1). It is located
in the Rocky Mountain Foothills, which have a differential relief of
up to 4,000 feet. The terrain is rugged and poorly accessible.

Four exploratory wells have been drilled to test structures
involving Triassic sediments. The result is one successful gas well
(Triad B.P. a-43-B-93-P-5) and three abandonments. The shut in gas well
has a calculated open flow in excess of 110 million cubic feet per day
from approximately 300 feet of gross pay in the Triassic Pardonet and
Baldonnel Formations. Secondary porosity and permeability was encountered
because this well intersected the Triassic at the crest of a faulted
and fractured anticline.

Acknowledgement is made to Triad 0il Company and staff for much
of the information on the initial three wells in this area.

STRATIGRAPHY

General Discussion

Subsurface exploration in the Sukunka area has penetrated Lower
Cretaceous and Jurassic strata in excess of 9,000 feet. A normal stratigraph-
ic sequence would be approximately 5,700 feet (?). Thickening is due to
tectonic deformation.

The subsurface stratigraphic correlations of the Cretaceous Buli-
head, Cretaceous Jurassic Minnes, Jurassic Fernie and Triassic Schooler Creek
Groups are based on the interpretation of the Gamma-ray sonic-logs, samples,
and cores where available. The primary objective in exploration of the Sukunka
area has been the Triassic Baldonnel Formation. The overlying Pardonet
Formation is a secondary prospect. The Triassic has been encountered in the
subsurface from drilling depths of 8,600 feet (Triad B.P. a-43-8-93-P-5) to
over 11,000 feet (Triad B.P. b-10-A-93-P-5). The following geological dis-

cussion will briefly describe various stratigraphic intervals encountered in

* pyblished by permission of Central-Del Rio 0Oils Limited, Triad 011 Co.,
and Bow Valley Exploration Limited.
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the subsurface, and compare them to the type sections (see Figure 2).

Bullhead Group

The Bullhead Group 1s made up of the Gething Formation and
underlying Cadomin Formation. In the Sukunka area some wells spud in the
Gething Formation, which consists of interbedded carbonaceous sandstones,
siltstones, shales, coals and some conglomerate beds. The Cadomin For-
mation is dominated by thick beds (up to 100 feet) of sandstones, cherts and
conglomerates. This Tithology is apparent in the basal 500 feet of the
Bullhead Group in this area. A normal Bullhead Group section is from
1,300-1,600 feet thick. The CPOG et al Sukunka d-57-B-93-P-5 well encount-
ered in excess of 2,900 feet, due to the fact that the borehole cuts this
formation at an oblique angle.

Minnes Group

The Minnes Group is a thick series of sandstones, siltstones,
shales and coals. Included within this group are the Brenot (?), Monach,
Beattie Peaks and Monteith Formations. Only the Monteith Formation can
be recognized in the subsurface. The three overlying formations are not
readily distinct from each other. Coals and other non-marine deposits are
prevalent throughout the interval. An undisturbed Minnes Group section
is estimated to be from 3,000-3,600 feet thick. In the wells an apparent,
tectonically disturbed thickness of 4,800-5,500 feet is encountered.

The top of the Minnes Group is picked on logs and samples where
there is a sharp break from the overlying thick bedded sandstones and
conglomerates of the Cadomin Formation to thinly bedded carbonaceous
sandstones, siltstones and shales of the Brenot (?) Formation. The base
of the Minnes Group is tentatively picked where thick bedded sandstones and
quartzites of the Monteith Formation grade into a more thinly bedded
series of sandstones, siltstones and shales of the Fernie Group. The sub-
d;visions of the Minnes Group are shown in the Table of Formations (Figure
2).

Brenot (?) Formation

Cycles of thin bedded sandstone, siltstone, coal and shale are
present, in several wells of the Sukunka area at the top of the Minnes
Group. This section is probably correlative to the Brenot (?) Formation
that was first defined by Hughes (1964) in the French Petroleum Company -
Richfield Brenot Ck. No. 1 well, unit d-23-G-94-B-1, and is 343 feet thick.
However, in a nearby surface exposure 750 feet thickness is estimated.

The base of the section rests on the Monach Formation. Due to structural
deformation a normal section of the Brenot (?) Formation in the Sukunka area
is undetermined.

Monarch Formation

This section is not readily recognized in the subsurface of the
Sukunka area. In the CPOG et al d-57-B~93-P-5 well, between the depths of
4,6707 - ? a sandstone series is present. In several wells this particular



1ithology is noted to be present from about 2,200 - 2,600 feet above the 4.
top of the Monteith Formation. This zone may be the equivalent of the
Monach Formation although coals are commonly present.

Beattie Peaks Formation

The top of the Beattie Peaks Formation is not recognized in the
subsurface. The basal 300 - 400 feet of the Beattie Peaks Formation is
a sequence of thinly bedded sandstones, siltstones, shales and coals.

Monteith Formation

The Monteith Formation consists of a section of thick bedded
sandstones, quartzites, some siltstones and a few thin shale beds. No
coals are present in the Monteith Formation in this area. The undisturbed
subsurface section is calculated to be 600 - 700 feet thick.

Fernie Group

The Fernie Group is divided into three formations. They were
described by Hughes (1964§ as the Transition Beds (Passage Beds), Middle
Shales, and Nordegg Beds. A normal thickness of 983 feet of the Fernie
Group is present in the CPOG et al Sukunka d-57-93-P-5 well between the
depths of 7,787 - 8,770 feet. Thickness of the subdivisions of the Fernie
Group that are quoted in this report, are taken from this well. The
Transition Beds (Passage Beds) are 233 feet thick and consist of inter-
bedded siltstones, sandstones and shales. The Middle Shales are 68]

feet thick, and consist of grey to dark grey shales, slightly dolomitic,
very pyritic, with a few siltstone streaks and some scattered rounded,
frosted quartz grains near the base.

The Nordegg Beds unconformably overlie the Triassic Pardonet
Formation. They are 69 feet thick. The lithology is a highly calcareous
shale with a few thin beds of micro-crystalline limestone and chert.

Schooler Creek Group

The Schooler Creek Group contains the Pardonet, Baldonnel, Charlie
Lake and Halfway Formations. To date, only the upper 155 feet of the Charlie
Lake Formation have been penetrated in the subsurface.

An undisturbed stratigraphic sequence of the Pardonet and Baldonnel
Formations and the top of the Charlie Lake Formation is penetrated by the
CPOG et al d-57-B well (see section B-B' Figure 4). The top of the Pardonet
Formation was picked at 8,770 feet. The thickness of the Pardonet and
Baldonnel Formations in the subsurface of the Sukunka area is derived from
this well,

Pardonet Formation

The Pardonet Formation is 212 feet thick. The T1ithology can be
subdivided into a) 50 feet of grey to dark grey, micro-crystalline, argilil-



TABLE OF FORMATIONS

SURFACE AND SUBSURFACE

_FIGURE 2.
ESTIMATED NORMAL | MINIMUM THICKNESS
STRATIGRAPHIC TYPE SECTION LITHOLOGY SECTION FOR IN THE SUBSURFACE
AGE |GROUP UNITS AND THICKNESS SUKUNKA AREA OF THE SUKUNKA
WELLS
Gething Fm. Sandstone, shales, silt- | Bullhead Group A1T wells spud in
stones, commonly carbona- the Bullhead
ceous, coals, few thin Group.
conglomerate beds pre-
° sent.
E 1,000 1,300
E] Cadomin Fm. Conglomerates of well-
@ rounded, flattened pebb- to 2,900'+
les, coarse grained
sandstones, some shales. 1,600
70-600"
o Unnamed Thinly bedded carbona- Minnes Group Minnes Group,
o (Brenot Fm.)? ceous sandstone, silt- 4,800'.
o = stone, and shales, some
- coals.
<! | L_____ 400'+
= Cross-bedded sandstone,
o ™ quartzites, some thin
O shales, few conglomerate
lenses. 3,000
Monach Fm. 300-400'
Beattie Peaks to
> Fm. Thinly bedded sandstones,
e » shaly sands, siltstones,
= ironstone and dark grey
to black shales. 3,600 Monteith Fm. 675'
600-1,200' (Normal Section?;
Massive sandstone, quart-
zites, cross-bedded, some
thin shales and shaly
sandstone, also a few
lenses of pebble conglo-
Monteith Fm. merates.
1,750'
O Transition Interbedded sandstones, Passage Beds, 23(
2] Beds siltstones, siity shales
2 (Passage Beds) and dark grey shales. Fernie Group, Middle Shales,
s 75-150' . 680"
2 Middle Shales Dark grey to black fissilg
o shales, minor amounts of 950" Nordegg Beds, 70'
c argillaceous sandstone ]
& and, some clay ironstone Fernie Group, 98I
banding. to
500-600" (Normal Sections’
1,050

(Continued)



TABLE OF FORMATIONS

SURFACE AND SUBSURFACE

_FIGURE 2.

AGE

GROUP

STRATIGRAPHIC
UNITS

TYPE SECTION LITHOLOGY
AND THICKNESS

ESTIMATED NORMAL
SECTION FOR
SUKUNKA AREA

MINIMUM THICKNESS
IN THE SUBSURFACE
OF THE SUKUNKA
WELLS

JURASSIC

Fernie

Nordegg Beds

Black argillaceous micro-
crystalline limestone with
interbeds of dark grey
calcareous shale. Near
the top are some beds of
siltstone, sandstone and
thin chert bands.

50-60'

TRIASSIC

Creek

Schooler

Pardonet Fm.

Limestones, silty, shaly,
with beds of calcareous
shales, siltstones, and
traces of fine calcareous
sandstone.

700'+

Pardonet Fm.

200"+

Pardonet Formation
185"

Baidonnel Fm.

Limestone, fragmental,

arenaceous, some tocal

dolomitization.
500-550"

Baldonnel Fm.

200"+

Baldonnel Forma-
tion, 185’
(Normal Sections?)

Charlie Lake
Fm.

Interbedded sequence of
1imestone, dolomite,
anhydrite, sandstone
and siltstones.

485’

Charlie Lake Fm.

?\

Charlie Lake For-
mation - Not
penetrated

Halfway Forma-
tion

Dolomitic and calcareous
siltstones and sand-
stones grading to arena-
ceous dolomites.

400"

Halfway Fm.

?

Halfway Formation
- Not penetrated

Stratigraphy (modified} after D.F. Stott 1968, J.E. Hughes 1967.



aceous limestone. b) 80 feet of finely crystalline, light grey to
brown dolomite with 30 feet of scattered vuggy porosity. The dolomite
is silty, sandy, and in part cherty and siliceous. c) 82 feet of dark
grey, pyritic, dolomitic shale. This basal shale is excellent for
correlation purposes because it is developed in all the wells in the
Sukunka area.

Baldonnel Formation

The Baldonnel Formation is 185 feet thick, and is a selectively
leached, doiomitized bioclastic debris in a mud matrix, which is somewhat
silty, argillaceous and siiiceous. Scattered vuggy porosity is present.

Charlie Lake

The top of the Charlie Lake Formation is picked at the first
occurrence of anhydrite below the Baldonnel Formation dolomite. The
anhydrite occurs as beds of up to 20 feet thick, and is interbedded with
thin beds of micro-crystalline dolomite in part similar to the Baldonnel
Formation.

STRUCTURE

Regional Setting

The structures covered in this report are located in the Foot-
hills Belt of the Rocky Mountains in the proximity of the Sukunka River
North-eastern British Columbia, and are characterized by parallel north-
west trending folds and southwest dipping reverse faults, (Figure 3 map).

The Foothills are bounded to the west by the Front Ranges, which
are formed of a series of southwest dipping thrust plates, involving
Triassic and Paleozoic sediments. The structures have the same general
strike as the Foothills.

The Interior Plains 1ie to the east of the Foothills, and are
underlain by relatively undisturbed gently west dipping Upper Cretaceous
through to Paleozoic sediments which rest on the Precambrian basement.

The Foothills in this area can be divided in an Eastern Foothills
Belt and a Western Foothills Belt. The division is made at the Nuisance
Fault Zone (Figure 3).

Both belts can be subdivided in two zones. The Eastern Foothills
Belt is composed of zone 1 and 2 and the Western Foothills Belt of zone
3 and 4. The map and cross-section A-A' (Figure 3) portray the middle
zones 2 and 3. Zone 1 lies to the east of the area, and zone 4 is just
included in the west. The structure at the surface of.these four zones is
shortly described below.

Eastern Foothills Belt: -

Zone 1: Broad open folds, low dips, 1ittle or no faulting.
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Outcrops of Fort St. John Group (Note - The
Upper Cretaceous Fort St. John Group in the
Sukunka area is a 3,300 - 5,500 feet thick
section composed of shales and sandstones
overlying the Bullhead Group).

Zone 2: Tight folds, steep dips, 1ittie faulting.
Qutcrops of Lower Fort St. John Group and
BulThead Group. This zone is bounded to the
west by the Nuisance Fault Zone.

Western Foothills Belt: -

Zone 3: Broad open folds, moderate dips, some faulting.
Qutcrops of Bulihead and Minnes Groups.

Zone 4: Tight folds, small scale chevron folding, steep
and overturned dips, probably faulting. Outcrops
of Minnes and Fernie Groups.

Subsurface Information

The Triad BP a-43-B well encountered a gas accumulation in the
highly fractured, overturned 1imb of an anticline involving Upper Triassic
carbonates. Subsurface information derived from this well, seismic data,
and surface mapping indicated a rather simple, large asymmetric anticline
in the Triassic, overlain by tightly folded Jurassic and Lower Cretaceous
strata.

The subsequent wells (Triad BP c-56-B, Triad BP b-10-A, and
CPOG et al d-57-B) proved this concept wrong, but contributed considerably
to the understanding of the occurence and origin of the deformation in
this area, and to the relationship of surface and subsurface structures.

The regional cross-section A-A' (Figure 3) is based on infor-
mation derived from the detail, composite section B-B* (Figure 4). They
show the following features:-

1) The shortening is mainly accomplished
by concentric asymmetric folds, with
steep southwest dipping axial planes.

2) With depth, faulting becomes prevalent to
accommodate for volume and as a release of
strain in the former folding compression,
(see Figure 5). This reverse faulting is
related to, and contemporary with the
folding - both result from compression and-
uplift in the Rocky Mountain QOrogeny. The
occurrence of these faults indicate a sole
fault or detachment plane at depth.

3) A major difference exists between the style
of deformation east of the Nuisance Fault
compared to that west of this fault.
Paleozoic rocks are involved in the deform-
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FIG. 5

Figure 5. Development of an Anticlinal Reverse Fault with depth, Sukunka orea.

FIG. &

Figure 6. Subsequent stages of structural deformation, Sukunke area.



ation west of the fault zone. Competent 12.
carbonates form the backbone for the .
structures and they determine the $tyle of
deformation. These competent rocks acted as

a buttress against which the more easterly
lTocated Mesozoic clastics "crumbled" during
subsequent shortening. Shortening of the
underlying Paleozoics took place by under-
thrusting of at least three miles. An

inclined stress field, was created which
produced a fan shaped anticlinorium in the
Mesozoic rocks of the Eastern Foothills

Belt, (see Figure 6). The amount of shortening
in zones 2 and 3 is 35% plus.

CONCLUSIONS

Structures drilled by wells in the Sukunka area involve
Cretaceous, Jurassic and Triassic strata. The Triassic Pardonet
and Baldonnel Formations have some secondary, leached porosity,
with associated Tow permeability. An example is found in the CPOG
et al d-57-B-93-P-5 well which encountered Upper Triassic dolomites
above the calculated waterline, but had to be abandoned, due to a
lack of porosity and permeabiiity in the pay zone.

Future success for Triassic gas exploration in the Sukunka
area, rests entirely on the ability to drill that part of the
structure, where the reservoir qualities have been increased by
extensive fracturing.
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GEOLOGY AND GENERAL FEATURES 15,
W.A.C. BENNETT DAM )

by

1 2

Lisle T. Jory™ and Alan S. Imrie

INTRODUCTION

W.A.C. Bennett Dam, owned by B. C. Hydro and Power Authority, is
located on the Peace River in British Columbia near the boundary between
the Rocky Mountain Foothills and the Interior Plains (Figure 1). The site
is near the head of Peace River Canyon and is approximately 14 miles upstream
from the town of Hudson Hope.

The Peace River had long been recognized as a potential source of
hydro-electric energy but not until 1957 were detailed site investigations
initiated. These investigations culminated in the start of construction at
W.A.C. Bennett Dam (then known as the Portage Mountain Dam) in 1962. The
first fi1l was placed in 1964 and the embankment was completed in September
1967. In September of 1968, the first three of ten turbines went on line.

The dam develops the entire hydro-electric potentijal of the Peace
River and its principal tributaries, the Parsnip and the Finlay, upstream
from the site.

This paper describes briefly the reasons for the choice of the
W.A.C. Bennett damsite and the geology of the site. Engineering data of
general interest is given.

CHOICE OF SITE

Initial hydro-electric planning conceived the construction of two
300-foot high dams, one in Peace River Canyon and one upstream near Finlay
Forks. In all, eleven sites were investigated (Figures 1 and 2). Although
the foundation rocks at the upstream sites were competent limestones of
Paleozoic age, drilling below the riverbed revealed a narrow, alluvium-filled
slot at least 500 feet deep. Conseguently, all upstream sites were rejected
and attention was diverted entirely to Peace River Canyon.

Peace River Canyon is younger than the remainder of the Peace Rijver
channel. Upstream from the Canyon, the river flows in a broad, glaciated,

U-shaped valley which cross cuts the formations. Prior to the period of
Pleistocene glaciation, the river flowed from the head of the Canyon to the

1. Dolmage Campbell and Associates Ltd., Consultants, Vancouver, B. C.

2. International Power and Engineering Consultants Ltd., Vancouver, B. C.
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vicinity of Hudson Hope along the route now known as Rocky Mountain Portage. 17.
(The dam access highway is close to this route.) - At that time, sea-level

was lower and the river cut its channel to a very low base. A 1738-foot

deep drill hole in the Portage reached to within 480 feet of present sea-level
without encountering bedrock.

During the Pleistocene, the terminus of a valley glacier stabilized
for a period in Portage Pass between Portage and BulThead Mountains (Figure 3).
Terminal moraine and outwash completely blocked the valley. When the ice
eventually rotted away, about 10,000 years ago, the impounded lake left
behind spilled over a pass to the south. A new, arcuate channel south of
Portage Mountain was established and erosion of Peace River Canyon began.

Thus, the glacial history of the area dictated the nature of the
hydro-electric development of the Peace River. Glacial action not only
provided an excellent rock-canyon foundation for a dam but also provided
large quantities of quality construction gravels in the moraines only three
miles from the site.

The W.A.C. Bennett site was selected for the major hydro-electric
development to impound 600 feet of head. Utilization of the canyon's re-
maining 140 feet of head is expected to occur when circumstances warrant
at Site 1, 12 miles downstream from the dam. Ultimately, additional low-head
sites may be developed between Hudson Hope and Taylor, B.C.

SITE GEOLOGY

The foundation rocks of W.A.C. Bennett Dam are non-marine sandstones,
siltstones, shales, and some coals of Lower Cretaceous age. Rock types grading
between the above types are common. The beds are part of the Bullhead group
which has been sub-divided into the Dunlevy formation {lower) and the Geth-
ing formation. The boundary between the formations is fixed at the Peace
River coal seam. The seam, six to eight feet thick, is by far the thickest
at the site and is the only one which has been economically exploited.

Mining took place within the left abutment of the damsite and was Timited
jn extent. However, during foundation preparation, it was necessary to
re-open the mine workings, many of which had caved, and backfill them with
gravel.

o ThS beds are quite uniform in attitude. They strike northwest and
dip 5° to 10° southwest (downstream) (Figure 4). Individual beds are re-
markably persistent although there is some Tensing due to facies changes.

The Dunlevy formation comprises massive, very competent sandstone
beds up to 100 feet thick interbedded with relatively thin beds of shaie,
siltstone, and coal. About 60% of the section is sandstone. The shale
contains an unusually high percentage of quartz. The highest part of the
dam is founded on the Dunlevy formation and the major underground structures
are excavated in it.
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The Gething Formation, which underlies .only the outer ends of 19.
the wings of the dam contains a much larger percentage of shale and coal
than does the Dunlevy.. Shale and sandstone horizons are rarely more than
25 feet thick and individual beds are commonly a few inches thick. In
physical characteristics, the various rock types are similar to those in
the Dunlevy formation.

No faults are present within the site. Joints are relatively
few in number and individual joints are usually restricted to a single
bed. Within the foundation, a few thin soft seams of pulverized shale
and coal, termed mylonite, are found along bedding planes.

Fossils found in the rocks during excavations included numerous
impressions of leaves and ferns, outlines of logs, several impressions of
dinosaur tracks, and one impression of a turtle. Casts of the shell and
dinosaur track are on display at the Central Control Building.

THE DAM

The dam is a zoned, rolled-gravel-fill embankment as depicted in
Figure 5. Construction gravels were derived from the South Moraine 3 miles
from the site. Silt was excavated at the site and mixed with processed
moraine materials to form the impermeable core. Riprap to portect the
downstream face and the upper portion of the upstream face was obtained
by quarrying local sandstone.

A grout curtain under the dam core extends to a maximum depth
of 350 feet and provides a water barrier comparable to that of the silt
core.

Two mammoth tusks were discovered in the moraine gravels, one of
which is on display at the Central Control Building. Carbon 14 dating of
one tusk gave an age of 11,500 years B.P.

The powerhouse and its ancillary works (manifolds, penstocks,
tailraces, low voltage lead shafts) are located within the left abutment
of the dam. Most of the rock excavation required for the powerplant struc-
tures was carried out in the upper 450 feet of the Dunlevy formation
(Figure 5).

The University of Alberta has installed seismograph stations
around the perimeter of the reservoir to monitor seismic activity due to
the reservoir load.
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ENGINEERING DATA

Dam:

Conveyor Belt
Capacity:

Installed Capacity:

Transmission Lines:

Reservoir:

River Flow:
Powerhouse:
Diversion Tunnels:

Spillway:

LIST OF CONSULTANTS

22.

600 feet high, 6700 feet long, 3000 feet wide at
the base. Volume - 57,000,000 cubic yards. Crest
elevation is 2230 feet.

the conveyor belt transported construction gravels
from the moraine at a rate of 12,000 tons per hour;
belt Tength - 15,000 ft.

2270 megawatts (Future at Site 1 - 700 megawatts).
2 lines; each 550 miles long, 500,000 volts.

27,000 square mile catchment; 680 square mile lake;
57,000,000 acre-feet storage.

36,500 cusecs (long term average)
830 feet long, 67 feet wide, 153 feet high.
three, each 48 feet in diameter and 2500 feet Tong.

100 feet wide, 2300 feet Tong; capacity 341,000 cusecs.

Major engineering responsibility for design and construction super-
vision was held by International Power and Engineering Censultants Limited.

Geological engineering consultants were Drs. V.

Dolmage and D. D. Campbell.

Soil consultants were Dr. R.B. Peck and Mr. C.F. Ripley.

REFERENCES

BEACH, H.H., and Spivak, J., 1943, The origin of Peace River Canyon, British
Columbia; Am. Jour. Sci. V. 241, pp. 366-376.

DOLMAGE, V., and Campbell, D.D., 1963, The Geology of the Portage Mountain
Damsite, Peace River, B.C., C.I.M.M. Trans., Volume LXVI, pp. 308-320.

IMRIE, A.S., and Jory, L.T., 1968, Behaviour of the Underground Powerhouse
Arch at W.A.C. Bennett Dam During Excavation; Proc. 5th Rock Mech.
Symp., University of Toronto, Toronto, Ontario, December 6-7.

MATHEWS, W.H., 1962, Quaternary Geology, Peace River District, British
Columbia; Edmonton Geol. Soc. 4th Ann. Field Trip, Guidebook, pp. 1-4.



TRIASSIC STRATIGRAPHY, PINE PASS AREA,
NORTHEASTERN BRITISH COLUMBIA

by D.W. Gibson

INTRODUCTION

This paper is a brief account of the Triassic stratigraphy
in the Rocky Mountain Foothills between Peace and Sukunka Rivers,
northeastern British Columbia (Fig. 1}. The report is based on field
work carried out during the summers of 1968 and 1969, as a member of
Operation Smoky, a regional geological mapping and stratigraphic investi-
gation by officers of the Geological Survey of Canada.

STRATIGRAPHY

General

Triassic rocks in the Pine Pass area have been recognized and
described in variable detail by MclLearn and Kindle (1950), Colquhoun
(1960, 1962), Muller {1961), Westermann (1962}, Pelletier (1963), and
Hughes (1967).- Barss et al., {1964) synthesized all published Triassic
stratigraphic information in Western Canada up to the end of 1961,
including the region covered by this report. The present investigation
by the writer in the Rocky Mountain Foothills, between the Sikanni Chief
River of British Columbia and the Smoky River of Alberta, is an attempt
to revise and establish a useful and meaningful surface nomenclature
system, and to provide detailed information on the distribution, age
and stratigraphic relationships of the Triassic rocks in northeastern
British Columbia, and furthermore, to relate this study to a previous
investigation of Triassic rocks in the Foothills and Front Ranges of
central and southern Aiberta, and southeastern British Columbia {Gibson
1965, 1968, 1969). :

In 1969, field work south of Peace River revealed a noticeable
difference between the physical appearance and composition of Lower and
Middle Triassic rocks north of John Hart Highway and Pine Pass, and those
to the south. Some of the Tlithostratigraphic units recognized north of
the highway, cannot be reliably extended into the region to the south.
Consequently, a different stratigraphic subdivision and nomenclature
system is required for the southern sequence. The Lower and Middle
Triassic rocks between Pine Pass and Sukunka River can be subdivided
into units that have been established in the Jasper region of Alberta
(Gibson, 1968). Therefore, it is proposed to modify part of the Triassic
nomenclature used in the Jasper-Banff region of Alberta, and apply it to
Lower and Middle Triassic rocks outcropping between Hart Highway and
Sukunka River. The stratigraphic subdivision and nomenclature used in

23.



Scale of Miles

123°

1969

SECTION NUMBER

69- 5
69- 1
69- 3
69-14
69-12
69-13
69- 9
69-10
69- 8

LEGEND
1968
NAME SECTION NUMBER NAME
Bocock Peak 68-17 Mount Greene
Carhon Creek 68-16 Eleven Mile Creek
Clearwater Creek 68-14 Peck Creek
Callazon Gap 68-12 Clearwater Lake

Brazion Creck
North Burnt River
West Burnt River
Watson Peak
Lean-to Creck

Figure 1, Locations of Triassic sections between Peace and Sukunka Rivers, northeastern
British Columbia
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the north for Upper Triassic rocks in the Peace River - Pine Pass area 26.
will be extended southward into the region south of Pine Pass, at least

as far as Sukunka River (Fig. 1). It is expected that field work during
1970 will establish an area where it becomes more convenient and practical
to abandon the Upper Triassic nomenclature of the Pine Pass area, and adopt
the nomenclature and stratigraphic subdivision of the Jasper area.

The following discussion is presented in two parts, one dealing
with the formations and members between Peace River and John Hart Highway,
and the other dealing with the formations and members between the highway
and Sukunka River. Where the Tithologic units in the two areas have
similar stratigraphic boundaries and nomenclature, only one description
will be given.

Figure 2 illustrates the field units recognized, and the nomen-
clature used in this report. A more detailed account of the Triassic
stratigraphy between Sikanni Chief River and Pine Pass has been submitted
for publication by the Geological Survey of Canada. The following dis-
cussion contains information abstracted from the Geological Survey report.

PEACE RIVER-PINE PASS AREA

Grayling Formation

The Grayling Formation consists of recessive, shaly- to flaggy-
weathering, dolomitic quartz siltstones, silty shales, and minor calcareous
siltstones, silty lTimestones, dolomites, and very fine-grained sandstones.
The formation is dark to brownish grey, commonly very carbonaceous-
argillaceous*, slightly pyritiferous, and thin- to medium-bedded. The
formation has a maximum measured thickness of 325 feet near Peck Creek
(Section 68-14), and a minimum thickness of 225 feet near Clearwater
Creek {Section 69-3).

The mineral composition of the Grayling Formation consists mainly
of angular quartz and feldspar, dolomite, calcite, minor pyrite, illite,
phosphate, and trace amounts of common heavy minerals. Dark grey to black,
siliceous phosphate nodules and lenticles are sometimes found near the Toad
Formation contact. This feature may be observed at road exposures west of
Pine River Bridge crossing.

The Grayling Formation unconformably overlies dark grey chert,
and siliceous mudstone of the Permian Fantasque Formation. The contact
with the overlying Toad Formation is gradational, and sometimes difficult
to distinguish. The contact is placed mainly on the basis of a change in
carbonate composition, where the cement and matrix of the siltstones and
shales of the Grayling Formation grade vertically, from a predominance of
dolomite to calcite. This change commonly ranges over a thick sequence of
strata.

*Because of the colour-masking effect, and the intimate association of the
organic carbonaceous matter with clay minerals, it was not possible to
distinguish the organic and argillaceous constituents using & binocular
or petrographic microscope. One or both constituents may be present in
a given sample.



The Grayling Formation is sometimes characterized by the pre-
sence of targe limestone concretions up to 1 foot in diameter, which
commonly contain ammonites and pelecypods. Those collected from the
report area include Prionolobus cf. P. lilangense {Krafft),
Anakashmirites sp., Prosphingites sp., Arctoceras sp., and Posidonia

mimer Oeberg. An Early Triassic Dienerian to Smithian age is suggested
for the formation.*

Toad Formation

The Toad Formation comprises a thick sequence of dark grey,
shaly-- to flaggy-weathering, carbonaceous-argillaceous, very calcareous
siltstones, silty limestones, silty shales, and lesser silty dolomites
and calcareous sandstones. At some localities the formation displays a
distinctive alternation of resistant and recessive bedding which is
related to the carbonate and carbonaceous-argillaceous concentration
of the strata. This weathering characteristic can be observed in
exposures west of Pine River Bridge crossing on the John Hart Highway.
The thickness of the Toad Formation in the Peace River - Pine Pass
region ranges from 520 feet at Mount Greene on Peace River, to more than
1,370 feet near Callazon Creek. Thickness values south of Peace River
are variable, and may be due to an uneven basement on which sediments of
the Grayling Formation were deposited, or the variation may be the result
of gradational contacts with the underlying Grayling and overlying Liard
Formations.

The mineral composition of the formation is similar to that of
the Grayling Formation. The siltstones and minor sandstones are composed
of angular, "corroded" grains of quartz, feldspar, micro-aggregates and
crystals of pyrite, and black to dark brown, opaque carbonaceous-argilla-
ceous matter, all cemented by recrystallized calcite and minor dolomite.
The carbonate consists of calcite, lesser dolomite, and trace amounts of
siderite. Phosphate occurs sparingly throughout the formation. However,
near the Toad-Grayling Formation contact, black nodules, coarse grains,
and lenticles are found through a stratigraphic interval of 100 to 200
feet. These nodular phosphates may be seen at Peck Creek (Section 68-14).

The contact of the Toad Formation with the Liard Formation in
the Peace River-Pine Pass area is gradational. It is placed within a
stratigraphic interval where the dark grey siltstones, silty limestones,
and silty shales grade vertically into a sequence of predominantly lighter
weathering, coarse-grained siltstones, very fine-grained sandstones, and
subconchoidal fracturing limestones. The contact with the underlying
Grayling Formation is gradational as previously discussed.

The Toad Formation as defined by the writer, encompasses a fauna
ranging in age from Early Smithian to Late Ladinian. However, in the
Peace River-Pine Pass area, the formation contains very few stratigraphi-
cally useful fossils. Those collected include Daonella sp., Daxatina sp.,

* ATl fossils collected in the field were identified and dated by E. 1.
Tozer of the Geological Survey of Canada.
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Protrachyceras sp., which are all of probable Ladinian age. 28.

liard Formation

The Liard Formation consists of resistant, cliff-forming, very
dolomitic to calcareous, fine- to coarse-grained sandstones, calcareous
and dolomitic siltstones, and minor silty to sandy dolomites. Buff-
weathering, sandy to silty, and bioclastic limestones are intercalated in
the succession near Peace River. However, southward toward the Hart High-
way, these Timestones are dark grey-weathering, very finely crystalline,
and display a subconchoidal fracture. These dark weathering limestones
can be seen in exposures along Hart Highway, east of Silver Sands Creek.
Here, the limestones contain dark grey chert lenses and nodules. The
formation is thin- to thick-bedded, and is generally light to medium
grey to yellowish grey, especially at Tocalities near Peace River.
Farther south, the formation is darker grey, reflecting a larger
carbonaceous-argillaceous concentration. The Liard Formation thickens
south of Peace River. At Clearwater Creek (Section 69-3), the formation
is 1,370 feet thick, whereas at Peck Creek, a minimum thickness of 1,160
tfeet was recorded. In the Halfway River region to the north, the Liard
Formation ranges in thickness from 92 feet to 540 feet.

Mineralogically, the Liard Formation is similar to the under-
lying Toad Formation, differing, however, in texture and relative con-
centration of the constituent minerals.

The contact with the overlying Charlie Lake Formation is grada-
tional, but readily apparent at most localities. It is drawn where dark
grey-brown-weathering sandstones and siltstones of the Liard Formation,
change to light grey- to buff-weathering dolomites, and dolomitic sand-
stones and siltstones of the Charlie Lake Formation.

The Liard Formation south of Peace River contains good index
fossils of Late Ladinian and Early Karnian age. In the region north of
Peace River only indeterminate bivalves and Tingulid brachiopods were
collected. At Callazon Creek Gap (Section 69-14), Daxatina cf. canadensis
Whiteaves, Clionitites cf. wheeleri {Johnston}, Clionitites cf. reesidei
(Johnston), Protrachyceras sp., Irachyceras obesum Tozer, Halobia sp., and
Badiotites sp., were coliected from the Liard Formation. This fauna repre-
sents the Early Karhian substage.

Charlie Lake Formation

Strata characteristic of the Charlie Lake Formation can be recog-
nized in the Hart Highway-Sukunka River area, and will, therefore, be dis-
cussed with the Charlie Lake lithofacies north of Hart Highway. The for-
mation comprises a buff to yellow, light grey- to orange-brown-weathering
assemblage of dolomitic to calcareous sandstones, siltstones, sandy lime-
stones and dolomites, and minor intraformational and solution breccias.



The sandstones and siltstones which predominate north of Hart Highway 29.
are quartzose, and are cemented by very fine to medium crystalline dolo-
mite, and some calcite. The sandstones are fine to medium grained, thin-
to thick-bedded, partly laminated and crossbedded, and in the region
adjacent to and north of Peace River are friable and sometimes porous.
The carbonates, which predominate south of Hart Highway, are often sandy
to silty, and composed of recrystallized, very fine to medium crystalline
mosaics of calcite and dolomite. The dolomites are thin- to medium-bedded,
and are most common in the upper third of the formation both north and
south of the highway. Limestones are similar in character to the dolo-
mites, except in the area south of the highway, where they are sometimes
bioclastic, containing fragmented brachiopod and/or pelecypod shells and
crinoid material. The limestone interbeds are more common in the Pine
Pass-Sukunka River area. The collapse or solution breccias are found
mainly south of Hart Highway, and are composed of yellow to buff, angular
clasts of silty to sandy dolomite and chalky timestone, up to 1% inches
in diameter, cemented by sandy to silty, medium to coarsely crystaliine
calcite and dolomite. Neither gypsum nor anhydrite have been observed

in any surface exposures in northeastern British Columbia by the writer.
Because of the sometimes gradational and interfingering nature of the
Charlie Lake-Liard Formation contact, thickness values in some regions
are variable. The formation ranges in thickness from a maximum of 940
feet near the north fork of Burnt River (Section 69-13) to a minimum of
490 feet on Clearwater Creek {Section 69-3). Exposures of the Charlie
Lake Formation can be seen in road cuts on Hart Highway, east of Silver
Sands Creek, and on the west side of Pine River Bridge crossing.

The contact of the Charlie Lake Formation with the overlying

Baldonnel Formation is abrupt and distinct both north and south of Hart
Highway. Typifying this contact relationship is Section 68-12, near
Clearwater Lake (Fig. 1). The upper Charlie Lake Formation consists of
buff- to Tight grey-weathering, sandy to silty dolomites, and dolomitic
siltstones and sandstones, and is overlain in sharp contrast by dark
greyish brown-weathering limestones, and dolomitic siltstones of the
Ducette Member of the Baldonnel Formation.

The Charlie Lake Formation contains few fossils. Those
collected include Pleuromya sp., and indeterminate pectinid bivalves.
In the western Foothills north of Peace River, a deeper water correlative
facies of the Charlie Lake Formation contains a fauna of probable Karnian
age.

Baldonnel Formation

The Baldonnel Formation Peace River-Pine Pass area is divided
into two distinct facies. The upper and main facies occurs throughout
most of northeastern British Columbia, whereas the Tower unit, named the
Ducette Member, is confined to the Foothiils area between Peace and
Sukunka Rivers. The description of the Ducette Member will follow as a
separate heading.



The Baldonnel Formation comprises a light grey to brownish 30.
grey-weathering, resistant, cliff-forming sequence of limestones, dolo-
mites, and minor siltstones. The carbonates are slightly silty, commonly
carbonaceous-argillaceous, and commonly contain medium to dark grey chert
tenses and nodules. The limestones are finely crystalline to aphanitic
to bioclastic, and in part very dolomitic. The bioclastic limestone
consists of abraded, fragmented crinoid columnals, and pelecypod and/or
brachiopod shells. The dolomite is very calcareous, and displays tex-
tural parameters similar to those of the Timestone. The siltstones are
quartzose, very calcareous to dolomitic, often laminated, and sometimes
crosshedded. The formation ranges in thickness from a minimum of 83 feet
at West Burnt River (Section 69-9), to a maximum of 480 feet at the head-
waters of Eleven Mile Creek (Section 68-16). The thickness range of the
main and typical facies of the formation excluding the Ducette Member is
between 40 feet at West Burnt River and 190 feet at Eleven Mile Creek.

The contact of the Baldonnel with the overlying Pardeonet Forma-
tion ranges from conformable and distinct, to gradational. North of Hart
Highway the contact is sharp and distinct, and is placed at the top of the
light to medium grey-weathering carbonates of the Baldonnel Formation which
underlie finely laminated, thin-bedded, carbonaceous-argillaceous Time-
stones of the Pardonet Formation. South of Hart Highway the contact is
gradational, and must be placed within a stratigraphic interval where the
limestones of the Baldonnel Formation grade into the crenulated laminated
limestones of the Pardonet Formation.

In the report area only Spiriferina abichi and Lima sp. were
coltected from the formation. These fossils are considered to be part of
the Mysidioptera poyana faunal zone, (Tozer, 1967} of Karnian age.

Ducette Member

Between Peace and Sukunka Rivers, the lower part of the
Baldonnel Formation consists of a distinctive dark grey-brown-weathering
sequence of strata called the Ducette Member (Gibson, in preparation).

The Ducette Member consists of dark grey-brown, carbonaceous-
argillaceous, siltstones, very fine-grained sandstones, limestones, and
minor dolomites. The siltstones and sandstones are quartzose, very
dofomitic to calcareous, dark grey to greyish brown, thin- to thick-
bedded, and commonly display fine, regular to wavy laminations and
colour banding. The T1imestones and minor dolomites, usually restricted
to the Tower half of the member are dark grey, slightiy quartzose,
carbonaceous-argillaceous, and finely crystalline to bioclastic. The
member varies in thickness from a minimum of 43 feet west of Burnt River
(Section 69-9), to a maximum of 390 feet near Clearwater Lake (Section
68-12) north of Hart Highway.



The contact between the Ducette Member and the main and typi- 31.
cal facies of the Baldonnel Formation is gradational. It is placed
within a small interval, where the dark grey-brown-weathering siTtstones
and silty 1imestones grade into more resistant and Tighter-weathering
Timestones and dolomites of the typical lithology of the Baldonnel For-
mation.

Fossils are scarce. MNear Clearwater Lake (Sections 68-12,
69-3), undetermined rhynchonellid brachiopods were collected.

Pardonet Formation

The Pardonet Formation consists of dark grey- to dark brownish
grey-weathering, carbonaceous-argillaceous, limestones, silty limestones,
calcareous and dolomitic siltstones, and minor shale. The limestone is
commonly quartzose and dolomitic, finely crystailine to bioclastic, and
emits a fetid sulphurous odour upon fracture. The bioclastic limestone
consists of whole and fragmented pelecypod and brachiopod shells, which
often form dense coquina interbeds. The limestone is thin- to medjum-
bedded, and weathers shaly to flaggy, commonly forming recessive,
partially covered intervals. The dark grey siltstones are thin- to
thick-bedded,quartzose, carbonaceous-argillaceous, and are cemented by
finely crystalline calcite and minor dolomite. The formation ranges in
thickness from a maximum of 450 feet near the headwaters of Eleven Mile
Creek (Section 68-16), to a minimum measured thickness of 270 feet west
of Burnt River (Section 69-9). The latter value is incomplete; however,
only a minor amount of the formation is considered to be absent.

The Pardonet Formation north of Hart Highway is overlain, pro-
bably disconformably, by the Bocock Formation. The contact is placed
where dark grey-brown, recessive limestones and minor siltstones of the
Pardonet Formation, change abruptly into very Tight grey- to white-
weathering limestones of the Bocock Formation. At Pine River Bridge
crossing on Hart Highway, the Pardonet Formation is overlain unconfor-
mably by the Jurassic Fernie Formation.

The Pardonet Formation is one of the most fossiliferous units in
the Triassic succession. However, in the Peace-Sukunka River region only
a few collections were obtained which include Guembelites cf. jandianus
Mojsisovics, Malayites cf. dawsoni McLearn, Sirenites sp., Halobia sp.,
Monotis subcircularis Gabb, and Monotis cf. ochotica densestriata
Teller. These fossils indicate an age ranging from Early to Late Norian.

Bocock Formation

The Bocock Formation, a newly recognized stratigraphic unit
(Gibson, in preparation), outcrops only in the area between Peace River
and Hart Highway. It consists of a very resistant, light grey- to
buff-weathering, medium- to thick-bedded sequence of limestone. The
limestone is medium to medium 1ight grey, aphanocrystalline to coarsely



crystalline to bioclastic, and at some localities is slightly dolomitic 32.
to quartzose. The bioclastic limestone is restricted mainly to the most
eastern exposures, and consists of fragmented pelecypod and brachiopod
shells, and crinoid columnals, with the latter constituent forming medium
to thick beds of encrinite with good intergranular porosity. The bio-
clastic limestones are sometimes permeated by black vitreous pyrobitumen
residues, and emit a fetid odour upon fracture. The Bocock Formation
ranges in measured thickness from a minimum of 65 feet near Bocock Peak
(Section 69-5), to a maximum of 208 feet at the type locality on the east
fork of Carbon Creek. The formation has not been observed north of Peace
River, nor south of Hart Highway. At Pine River Bridge crossing, the
formation is absent, and the Pardonet Formation is overlain by the Fernie
Formation. The contact with the Jurassic is very distinct and probably
unconformable. Near Eleven Mile Creek this contact was observed to have
an estimated relief of 25 feet with the Fernie Formation.

The exact age of the Bocock Formation is unknown, because of the
tack of diagnostic and identifiable fossils. The lithologic similarity to
limestones and doTomites of the Baldonnel Formation, and the contrast be-
tween the dark weathering strata of the Jurassic System, suggest that the
formation is part of the Triassic rock sequence, and possibly Late Norian
or younger in age.

PINE PASS-SUKUNKA RIVER AREA

SULPHUR MOUNTAIN FORMATION

The Lower and Middle Triassic map units recognized in the Peace
River-Pine Pass area cannot be extended with any degree of confidence into
the area south of the Hart Highway, because of a facies change. Other more
distinctive units are recognized which do not coincide with unit boundaries
recognized north of the highway. These distinctive units are similar to
those recognized in an earlier investigation in the Jasper-Banff area of
Alberta (Gibson, 1968). The nomenclature of the southern rock units will,
therefore, be apptied to the Lower and Middle Triassic succession in the
Pine Pass-Sukunka River area.

The Sulphur Mountain Formation in the Pine Pass-Sukunka River
area is divided into three members which are in ascending order, the
Vega-Phroso Member, the Whistler Member, and the Llama Member. The for-
mation, up to 1,800 feet thick, comprises a relatively thick sequence of
dark grey to orange-brown-weathering, dolomitic to calcarecus, carbona-
ceous-argillaceous siltstones, bioclastic limestones, and minor silty
shales and dolomites, and very fine- to fine-grained quartz sandstones.
The formation unconformably overlies chert and cherty limestones of the
Fantasque and Prophet Formations, and is overlain gradationally by Tight
grey- to buff-weathering dolomitic siltstones and sandstones, silty dolo-
mites and Timestones of the Charlie Lake Formation.



Vega-Phroso Member . 33.

The name Vega-Phroso is a combination of two names representing
two distinct Lower Triassic members found throughout the Jasper area of
Alberta. However, in the Hart Highway-Sukunka River area, the gradational
and interfingering nature of the contact between the two facies prevents a
meaningful subdivision into mappable units. Therefore, the two facies
have been combined and described as one member of the Sulphur Mountain
Formation.

The Vega-Phroso Member consists of thin- to medium-bedded, shaly-
to flaggy-weathering, carbonaceous-argillaceous, dolomitic to calcareous
siltstones and minor silty shales and bioclastic limestones. The silt-
stones and shales are dark grey, and weather to a characteristic dull
brownish grey. They are gquartzose, and cemented by finely crystalline
dolomite in the lower part of the succession, and by finely crystalline
calcite and dolomite in the upper part of the member. The bioclastic lime-
stones, consisting of slightly dolomitized and silicified fragmented
pelecypod shells, occur as lenticular interbeds in the lower third of the
member. The Vega-Phroso Member varies in thickness from a minimum of 394
feet at Watson Peak and Lean-to Creek (Sections 69-10, 69-8), to a maximum
of 464 feet at Brazion Creek (Section 69-12).

The member unconformably overlies chert and cherty mudstones of
the Permian Fantasque Formation in most of the area. However, at Brazion
Creek (Section 69-12), the Triassic unconformably overlies cherty Time-
stones of the Mississippian Prophet Formation. The contact with the over-
lying Whistler Member is generally conformable and distinct. It is placed
where resistant, brownish grey-weathering siltstones of the Vega-Phroso
facies change abruptly into recessive, dark grey siltstones of the Whistler
Member. At both locations in the Murray Range to the west, the contact is
gradational, ranging over an interval of 5 to 10 feet.

The Vega-Phroso Member contains few identifiable fossils.
Collected from the Tower third (Phroso facies) of the member were Posi-
donia mimer Oeberg, Posidonia aranea Tozer, Arctoceras sp., Xenoceltites
sp., and Paranorites sp., all of which suggest ages ranging from Early
Triassic Dienerian to Spathian.

Whistler Mehber

The Whistler Member comprises a dark grey, recessive sequence of
very carbonaceous-argillaceous, calcareous and dolomitic siltstone, silty
shale, and silty carbonaceous Timestone. The carbonate cement of the silt-
stone increases in amount westward, such that some of the calcareous and
dolomitic siltstones of the Whistler Member in the Murray Range may be
actually classed as very silty limestones and dolomites. At some sections



the siltstones in the Tower 1 to 2 feet of the member are slightly phos-
phatic containing black, angular and well rounded grains and clasts of
phosphate, up to 2 inches in diameter. The quartzose and sometimes dolo-
mitic limestones are finely crystalline to bioclastic, with the latter
consisting of thin, wavy to crenulated beds of compressed, whole and frag-
mented pelecypods and ammonites. Some of the limestone interbeds contain
thin fractures and small vugs, lined and filled with black, vitreous,
pyrobitumen matter. The Whistler Member ranges in thickness from a
minimum of 280 feet at Lean-to Creek in the Murray Range, to a maximum

of 280 feet at Watson Peak east of Burnt River (Fig. 1?.

The Whistler Member is overlain by the Llama Member. This
contact is gradational and is drawn where the dark grey recessive, thin-
bedded siltstones of the Whistler Member, grade into thick-bedded, massive
orange-brown-weathering siltstones of the Llama Member. This contact east
of Burnt River is distinct and easily placed; however, along the Murray
Range to the west, it is less distinct, and must be placed within a strati-
graphic interval as much as 25 feet thick.

Fossils within the Whistler Member, although abundant are poorly
preserved and generally indeterminate. At Lean-to Creek and Watson Peak
(Sections 69-8, 69-10), Parapopanoceras selwyni Mclearn, Gymnotoceras sp.,
Longobardites cf. canadensis McLearn, and Daonella sp. (americana or dubia)
were collected, and indicate a Middle Triassic Anisian age.

Llama Member

The upper member of the Sulphur Mountain Formation consists of a
thick, resistant, orange-brown to brownish grey-weathering sequence of
siltstones, limestones, with some very fine- to fine-grained sandstones.
The siltstones are very dolomitic to calcareous, slightly carbonaceous-
argillaceous, and form the predominant 1ithology of the member. Lime-
stone, which occurs as thin to medium, lenticular interbeds throughout the
upper half of the member, is medium to 1ight grey-weathering, quartzose,
sometimes carbonaceous-argillaceous, and is very finely crystalline to bio-
clastic. The bioclastic Timestone consists of whole and fragmented pele-
cypod and/or brachiopod shells, and crinoid columnals. The orange-brown-
weathering sandstones are very quartzose, and cemented by finely crystallire
doTomite and minor calcite. They are well indurated, medium- to thick-
bedded, and are commonly found in the upper 200 feet of the member. The
Llama Member is completely exposed only at West Burnt River (Section 69-9),
and attains a thickness of 1,170 feet.

) The contact with the overlying Charlie Lake Formation is grada-
tional, and readily apparent at localities examined south of Hart Highway.
It is drawn where the orange-brown-weathering dolomitic sandstones and
siltstones of the upper Llama Member grade into yellowish grey-weathering,
calcareous and dolomitic fine- to medium-grained sandstones, dolomites,
limestones, and calcareous and dolomitic intraformational or solution
breccias of the Charlie Lake Formation.

34.



The Llama Member, the most fossiliferous facies of the Sulphur  35.

Mountain Formation, contains the following fauna: Progonoceratites
oseidon]Tozer, Protrgchyceras sikanianum Mclearn, Si]enticeraisiﬁ.,
MegaphyTlites sp., Lobites sp., Arcestes sp., Hungarites sp., epio-
ceras sp., Paratrachyceras sutherlandi Mclearn, Daxatina canadensis
McLearn, Nathorstites mcconnelli (Whiteaves), Daonella cf. longobardica

Kittl, Daonella cf. subarctica Popov, Daonella nitanae McLearn, and

Daoneila elegans McLearn. The fauna ranges in age from Early to Late
Ladinian.

CORRELATION

The correlation of Triassic strata in Western Canada has pre-
viously been outlined and discussed in variable detail by McLearn and
Kindle (1950}, Hunt and Ratcliffe (1959), Colquhoun (1960, 1961),
Armitage (1962), and Barss et al., (1964). The following brief discus-
sion will emphasize only the equivalence of stratigraphic units described
in this paper, and how they correlate with units in the subsurface Peace
River Plains. For a more compiete and comprehensive discussion of Triassic
correlation between the Peace River-Pine Pass area, and other regions of
northeastern British Columbia and Western Alberta, the reader is referred
to a Geological Survey of Canada Paper by the writer, to be published in
early 1971. The following correlation is based on relative stratigraphic
position, fossil content, and lithologic similarity.

The Grayling Formation in the Peace River-Pine Pass area is
Tithotlogically equivalent to the Phroso facies of the Vega-Phroso Member
of the Sulphur Mountain Formation south of Hart Highway. In the subsur-
face the Grayling Formation is equivalent to the Jower third of the Montney
Formation as illustrated in Figure 2.

The Toad Formation as defined and used by the writer in the Peace
River-Pine Pass region correlates with the upper two thirds of the Vega-
Phroso Member, all of the Whistler Member and the lower third of the Llama
Member of the Pine Pass-Sukunka River region. The Toad Formation is also
equivalent to the upper two thirds of the Montney Formation and part of
the Doig Formation in the subsurface of the Plains. The Vega-Phroso
Member as shown in Figure 2 is equivalent to the subsurface Montney
Formation. This stratigraphic eguivalence is only apparent in the region
south of Hart Highway, and is -based on the occurrence of a distinctive
phosphatic pebbie horizon, found at the contact between the Whistler and
Vega-Phroso Members of the Sulphur Mountain Formation and the Montney-Doig
Formations in the subsurface. The Whistler Member and lower two thirds of
the Llama Member correlate -with the Doig Formation in the subsurface Peace
River Plains. This relationship is based on relative stratigraphic posi-
tion and Tithologic similarity, as the fossil control between the two
regions is poor.



The Liard Formation of the Peace River-Pine Pass region
correlates with the upper two thirds of the Llama Member in the Foot-
hills of the Pine Pass-Sukunka River region, and the upper third of the
Doig Formation, and all of the Halfway Formation in the subsurface Peace
River Plains.

The Upper Triassic Charlie Lake, Baldonnel, and Pardonet For-
mations can be recognized throughout the Foothills of the Peace-Sukunka
River area, and most of the subsurface Peace River Plains. The Pardonet
Formation appears to have a restricted distribution in the subsurface,
being limited to the western part of the subsurface Plains. The correla-
tion of these three formations with the members of the Whitehorse Forma-
tion in the Jasper area is uncertain until more field work has been under-
taken south of Sukunka River. However, the Brewster Member near Smoky
River contains fossils representative of the Mysidioptera poyana faunal
zone (Gibson, 1968). In the Peace River area, the same fossils have been
found in the Baldonnel Formation.

The Bocock Formation was recognized only in the Peace River-
Pine Pass area, and has no known correlative in other regions of north-
eastern British Columbia or western Alberta.
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STRUCTURAL GEOLOGY, PINE RIVER AREA OF 39.
THE ROCKY MOUNTAIN FOOTHILLS

by J.E. Hughes
Consulting Geologist, Victoria, British Columbia

The Rocky Mountain Foothills of the Pine River area are 37
miles wide, from Mount Wabi to Solitude Mountain. They expose strata
of Triassic (Karnian, and older beds) to Late Cretaceous (Cenomanian).
Older strata are uplifted westwards, and the scale of deformation in-
creases from east to west.

The Foothills can be divided into two parts: the Outer
(Eastern) Foothills, and the Inner (Western) Foothills. The divisions
represent different styles of Laramide tectonism, and are reflected in
land forms and terrain.

PHYSIOGRAPHY

In the east, the plateau masses and the wide flat floor of
the Pine River dominate the tandscape. The physiographic elements are
the plateau belts along the structural trend, mesas formed on flat-lying
strata, and escarpments and tributary valleys along the anticlines.

West of Fisher Creek, the relief increases and the physio-
graphy alters to hill-and-mountain ranges and alternating valieys of
northwest trend. The ranges are developed on steep dipping beds in
anticlines and overthrusts. They attain elevations of 5,500 to 7,000
feet, comparable to the summit levels of the Rocky Mountains about the
Pine Pass.

The Pine Valley was over-deepened by glaciation, or by down
cutting in the late Tertiary, or by these combined mechanisms. Glacial
erratics are present to 6,000 feet elevation, and cirques occur above
timberline, about 4,750 feet elevation. A lake filled the Pine Valley
to about the present elevation of 2,450 feet on the retreat of the
Cordilleran ice, and accumulated clays, varved clays, silts and sands.
The bedrock floor of the pre-glacial valley stands at 930 feet elevation
or less at Commotion Creek. In the final stages of deglaciation, the oid
course of the Pine was changed from north-northeast to the present course,
southwards from Chetwynd to the confluence with the Sukunka River. The
underfit valley of Centurion Creeksalong the Moberly-Chetwynd road,con-
tained the pre-glacial course of the Pine River.

THE OUTER FOOTHILLS

The Outer Foothills contain broad, shallow synclines of simple
form, alternating with narrow anticlinal belts. The synclines are 5 to 8



miles wide. Their strata are relatively undeformed, and about flat- 40.

lying in wide axial zones. Synclines are downthrown in step-wise form
from west to east. Anticlines are 1 to 2 miles wide, folded in concen-
tric forms of low amplitude. Their folding is asymetric with axial
planes dipping west, and with thrust faults breaking the east flank.

THE INNER FOOTHILLS

The Inner Foothills contain a series of closely folded anti-
clines and synclines, reverse faults, and a few large thrusts. Fold
amplitudes of anticlines and synclines are about equal, and greatly ex-
ceed those of the Outer Foothills. Fold forms are angular and concentric,
and modified by faulting; asymetry is common, and axtal planes dip west.
Structures in the west part of the Inner Foothills assume a pattern:

(1) thrust, or thrust faulted anticline: (2) closely folded syncline:
(3) a rear anticline forming the footwall of the succeeding thrust, or
fault on the west.

The major thrusts, the Pyramis thrust, and the Solitude thrust
marking the boundary with the Rocky Mountains, have stratigraphic displace-
ments more than 3,000 feet and extensive transiations.

Structural Relations of the Inner and Outer Foothills

Structural patterns of the Outer and Inner Foothills are dis-
tinct. Locally, they are separable along the Pine River anticline
(Crassier to Fisher Creek). 1In adjacent areas, the westerly synclines
of the Quter Foothills are partly modified by folding and faulting of the
Inner Foothills type, eg. the Carbon syncline north of the Moberly River,
and the Chamberlain syncline at the Sukunka River. Anticlines of the Outer
Foothills north of the Moberly River include compound. concentric, and
angular folds of high amplitude, and in one instance, a thrust (the
McAtlister thrust) replacing the syncline.

The essential structure of the Outer Foothills, the Tittle
deformed synclines, major deformation restricted to the anticlines, dis-
similar fold amplitudes in synclines and anticlines, and the step form
depression of synclinal strata, is characteristic of orogenic forelands.
A similar pattern of structure, but with reduced vertical displacements
continues into the west margin of the Plains. Structures of the Outer
Foothills can be ascribed to faulting and displacements of the basement;
there is no contrary or conclusive evidence,

Structures of the Inner Foothills indicate major lateral com-
pression and uplift, and widespread dislocation of the sedimentary cover.
They belong to the orogenic zone of the Rocky Mountains and Foothills.
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FOLD FORMS 42.

Foldirg in the Foothills is of parallel tvpe, and expressed
in concentric and angular forms (Figure 1).

Concentric folds of low and high amplitude forms are distin-
guished by @, the dip of strata at the point of contraflexure between
anticline and syncline, and by related parameters for faulted parts of
structure.

Low amplitude concentric folds have 8 less than 150, and
in the Pine Valley are confined to the Quter Foothills. The Commotion
anticline typifies this class. Its characteristics are: a Timited fold
compression; and disharmonic structure with the overlying sector of the
anticline separated and extended over the core and fold centre.

High amplitude concentric folds have 8 more than 15%; they
occur in the Inner Foothills, and in parts of the Outer Foothills outside
the Pine Valley. The folding is mostly continuous about relatively shallow
centres, and the west 1imbs are faulted. Box form anticlines, eg. the Big
Boulder anticline, represent an extreme form of this fold class.

Angular folds are common in the Foothills, and occur in the
west part of the Pine Valley. They include cuspate, lambdate, and serial
Tambdate forms (= zig-zag = accordion folds). The general term angular
describes folds for which the distinction lambdate, cuspate, is uncertain.
Angular folds have high fold ampiitude and great vertical extent in large
structures - the Bickford anticline is an example. Structures in the
Peace, Moberly, and Pine River areas indicate progressive sequences in the
development and replacement of concentric folds by angular folds. Faults
in angular folds are parallel, and adjacent or close to the axial planes.
Lambdate folds seem less common, and occur in fault zones, and above
thrusts and detachment planes, eg. minor folds in the Bickford anticline,
and subordinate folds in the east 1imb of the Coyote syncline.

TECTONIC ENVIRONMENT

The Rocky Mountains and Foothills form a continuous system with
di fferent alignment of their southern_and northern divisions. These divi-
sjons north and south of Latitudes 56°00' and 54015' are joined and hinged
about the Foothills of the Peace, Moberly, and Pine River areas in the
foreland, and about Mount Averil in the Rocky Mountain Trench. The hinge
reflects the influence of a Pre-Laramide geofracture of northeast trend.

The old geofracture followed the axis of the Peace River em-
bayment, which originated in early Carboniferous time after the subsidence
of the Peace River arch. The embayment trended northeast, transversely to
the former miogeosyncline of the Rocky Mountains. The Peace River embay-
ment underwent differential subsidence and sedimentation to the last
stratigraphic record in the Cenomanian stage. It contained and preserved
about twice the thickness of sediments occurring in the adjacent margins
on the cratonic shelf.
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The major tectonic elements of the orogenic foreland in the 44.
Plains, the Halfway block north of the Peace River, and the Alberta
syncline to the south, were divided along the axis of the former Peace
River embayment. Laramide structures were impressed on these foreland
units in the Outer Foothills and in the west margin of the Plains.

Structures of the Outer Foothills, both anticlines and syn-
clines, plunge southeast. The plunge is a regional feature, representing
a tilt or depression averaging about 125 feet per mile between the Peace-
and the Pine Valleys (measurements on the base of the Fort St. John
Group). The regional depression, reconstructed to a relict preorogenic
surface, corresponds to the terminal closure and southeast plunge of the
Alberta syncline.

Major structures trending S 18 to 24%E, a characteristic trend
of the Northern Rocky Mountains and Foothills, cross the extension of the
Alberta syncline in the Outer Foothills of the Pine River area. Strus-
tures in the Inner Foothills here have trends in the range S 28 to 42°E;
these trends are common to adjacent parts of the Northern and Southern
Rocky Mountains and Foothills.
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Figure 1. Classes of parallel fold forms.

Figure 2. Tectonic Framework of the Pine River Area.
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PALEQZOIC STRATIGRAPHY OF PINE PASS, 46,
NORTHEASTERN BRITISH COLUMBIA -

by G.C. Taylor and E.W. Bamber1

ABSTRACT

The Paleczoic succession of the Pine Pass area consists of
shallow marine carbonates, sandstones, and shales of Cambrian, Ordovi-
cian, Devonian, Early Carboniferous (Mississippian), and Permian age.
Several major facies changes and unconformities occur within this
sequence, which is intermediate in nature between those to the north
and south, and is therefore important for the establishment of
regional correlations between the Jasper area and the northern Rocky
Mountains and Foothills.

1. Institute of Sedimentary and Petroleum Geology,
Geological Survey of Canada,
3303 - 33rd Street N.W.,
Calgary 44, Alberta.
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INTRODUCTION

Within the Paleozoic succession of the Pine Pass area there
are several stratigraphic units typical of the more northerly part of
northeastern British Columbia, and others that are typical of the Rocky
Mountains and Foothills of the Jasper region (Fig. 2). The area displays
several major unconformities and facies changes, thus providing an impor-
tant Tink between the northern and southern successions. This summary
paper is based mainly on field studies by the authors during the summers
of 1968 and 1969, carried out as part of an extensive reconnaissance
study by the Geological Survey of Canada in the Rocky Mountains and
adjacent Plains of northern British Columbia. The Cambrian to Devonian
succession was dealt with by G.C. Taylor, and the Carboniferous and
Permian , by E. W. Bamber. Previous work in the Pine Pass and adjacent
areas, which is incorporated in the paper, includes the studies by
Muller (1961, 1967), on the Pine Pass map-area; Norford (1965), on the
Lower Paleozoic succession at Mount Hunter and near the Clearwater
River; Irish (1970) on the Halfway River map-area to the north; Siind and
Perkins (1966), on the Lower Paleozoic between Jasper and the Pine River;
and McGugan (1967), on the Permian of the Peace River area.

STRATIGRAPHY

Cambrian

The Cambrian succession of the Pine Pass area has been subdivided
into three mappabie units, which approximately correspond to the Lower,
Middle and Upper Cambrian. Within this succession seven formations are
recognized, following the usage of Slind and Perkins (1966); the Lower
Cambrian Gog Group consisting of the McNaughton, Mural, and Mahto Forma-
tions; the Middle Cambrian Tatei-Chetang, Titkana, and Arctomys Formations;
and the Upper Cambrian Lynx Formation.

Lower Cambrian

Gog Group

Quartz sandstone and minor dolomitic units of the Gog Group
form a prominent, resistant-weathering map unit overlying the Precambrian
Miette argillites along the east flank of the Murray Range above the Murray
Thrust. At Mount Murray the total thickness of the group is only 530 feet
and no subdivision of the sequence was attempted. Sixteen miles south, at
Mt. Hunter (Fig. 1), a thickness of 1,790 feet was measured for the Gog
Group, with 1,065 feet assigned to the McNaughton Formation, 120 to the
Mural, and 605 feet to the Mahto Formation.

The McNaughton Formation consists of orthoquartzite, quartz
sandstones, and dolomitic, quartz sandstones with minor shale, dolomite,
and conglomerate beds. These rocks are of very shallow water, possibly
'fluvial origin. The quartz grains are generally in the fine to medium

48.
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size range and are well rounded. Locally the quartz sandstones may 50.
contain up to 20% feldspar, which is dominantly microcline. Glauconite

is the most abundant accessory mineral. The contact of the McNaughton
Formation with the underlying Miette phyllite is sharp and unconformable.

No fossils were found in the McNaughton.

The Mural Formation consists of dolomite with minor red and green
dolomitic and arenaceous shales, and represents the first definite marine
sedimentation in the area. The contact with the underlying McNaughton
Formation is sharp and apparently conformable. No fossils were found in
the Mural. Lower Cambrian trilobites occur 6 miles west of Mount Hunter
in a dolomite unit described by Street (1966) and considered here to be
representative of the Mural Formation.

The Mahto Formation is similar in 1ithology to the McNaughton
Formation, but is commonly somewhat finer grained, and is distinguished
by the presence of minor purple and maroon guartzite and shale. Ffeld-
spar is generally absent from the Mahto, and few accessory minerals are
present. Crossbedding, desiccation cracks, and ripple marks are common,
as are Scolithus tubes, which occur in the fine-grained rocks. The contact
with the overTying Tetei-Chetang Formation is conformable and gradational.
No fossils were found in the Mahto Formation.

Middle Cambrian

A succession of vari-colored dolomites and minor shales of very
shallow marine origin, has been assigned to the Middle Cambrian mainly
because of stratigraphic position. No fossils have been collected from
these rocks. The unit forms a distinctive and valuable marker for mapping
purposes occurring above the Gog quartzites in the hanging wall of the
Murray Thrust and in several minor splays to the west. Three formations
are present and can be distinguished mainly on the basis of color differ-
ence ~ the red-weathering Tatei-Chetang Formation, the grey-weathering
Titkana Formation, and the 1ight yellowish brown-weathering Arctomys
Formation. Al1l these formations thicken rapidly in a southerly direction.

The Tatei-Chetang Formation consists of about 290 feet of white
and maroon dolomites and dolomitic shales. The dolomites are finely cry-
stalline, and locally sandy and/or cherty. Sedimentary structures are
prominent and include desiccation cracks, ripple marks, rain drop impres-
sions, and salt crystal casts, all indicating deposition in very shallow
water.

The Titkana Formation is represented by approximately 105 feet
of 1ight and dark grey, fine to medium crystalline dolomite and Timestone,
with local development of chert Tenses. The contact with the overlying
Arctomys Formation is sharp and conformable.




The Arctomys Formation consists of 200 feet of silty, light 51,
yellowish brown-weathering, finely crystalline dolomite with thin
partings and beds of red and black shale. The contact of the Arctomys
with the overlying Lynx Formation is sharp and possibly disconformable.

Upper Cambrian

The Lynx Formation at Mt. Hunter consists of 1,435 feet of dark
and medium grey, medium crystalline dolomite and limestone. Minor 1ime-
stone-pebbTe conglomerates are common near the base and the top of the
formation. The lower part of the formation is predominantly dolomite, in
which pisolitic and possibly oolitic textures are preserved. This interval
also contains thin, varve-like laminations of dolomite and silty dolomite.
In the upper part of the formation, the predominant rock-type is limestone,
which occurs mainly as thick, nodular units separated by thir, coarse-
grained beds containing macerated trilobite debris. The carbonates of
the Lynx apparently represent marine sedimentation under slightly deeper
marine conditions than had previously existed in the area during
Cambrian time. The contact with the overlying Chushina Formation is
sharp and apparently conformable.

Ordovician

Over 4,600 feet of strata are included in the Ordovician succes-
sion of the Pine Pass area. The terminology extended into the area from
the south by S1ind and Perkins (1966) has been applied, with minor changes,
in this paper. North of the Pine Pass the structural configuration of the
Rocky Mountains is such that there is a large area in which Ordovician
rocks are not exposed. Further north where Ordovician strata are again
exposed, immediately south of Peace River, the succession of formations
described by Slind and Perkins (ibid), can no longer be recognized, and
the succession is better ascribed to the Kechika Group.

The Chushina Formation at Mount Hunter is 1,800 feet thick and
consists mainly of argillaceous limestones of shallow water origin. At the
base of the Formation there is a color change from the more somber greys of
the underlying Lynx Formation to the siiver grey of the Tower limy shales
and argillaceous limestones of the Chushina. This contact is marked by an
abrupt step in the weathering profile caused by the recessive nature of the
lower part of the Chushina, as opposed to the more resistant nature of the
Lynx Formation. The middle part of the Chushina Formation is more resistan t
and weathers light grey, whereas the upper part of the Formation is strongly
resistant and displays a distinctive brown weathering aspect. The Chu§hina
Formation is of Early Canadian age. Its upper contact with the overlying
Monkman Quartzite is sharp, but apparently conformable.

The Monkman Quartzite is 1,350 feet thick near Pine Pass and
apparently thins toward the south. It consists of 1ight and medium grey-
weathering orthoquartzite and dolomitic quartz sandstone. The sand grains
are fine-to medium-grained and well rounded. Bedding is generally massive
to indistinct, although Tocal units are well bedded, with some cross-
bedding, and Tocal channelling.




No fossils other than Scolithus tubes and indeterminate brachio- 52.
pods have been found in the Monkman.

The Skoki Formation was deposited under very shallow water condi-
tions and consists of 700 feet of finely crystalline, medium and dark grey
dolomites with minor argillaceous and sandy dolomite beds in the lower part
of the formation. Thick pisolitic beds and rare desiccation conglomerate
beds occur locally.

Fossils of early Middle Ordovician (Whiterock) age have been
identified from the Skoki Formation.

Unnamed quartzite-dolomite unit. The usage by Slind and Perkins
(1966) of the Skoki Formation to include all rocks lying between the
Monkman Quartzite and the Beaverfoot Formations represents an expansion
of its application in the type area (Norford, 1969). In the Mount Hunter
section approximately 120 feet of white orthoquartzite with about an equal
amount of very dark grey, argillaceous dolomite overlies the typical Skoki
succession with apparent conformity. The stratigraphic relationships of
this unit are not precisely known. It may equate with the upper member of
the Skoki of S1ind and Perkins (1966, p. 459), or it may be a new unit that
is locally preserved beneath the sub-Beaverfoot unconformity. No fossils
were obtained from this unit.

The Beaverfoot Formation consists of about 560 feet of mono-
tonous, medium and dark grey, fine and medium crystalline cherty dolomites.
The Formation weathers dark grey, and is resistant. It stands out in strobmg
contrast to the light grey-weathering Skoki Formation below, and the tan-
weathering Stone Formation above. The Beaverfoot Formation is of relative-
1y open-marine origin, and contains a diversified, silicified fauna of
solitary and colonial corals, nautiloids, gastropods, and brachiopods of
Richmond age. It overlies the Skoki Formation with marked disconformity,
truncating that formatijon in a southerly direction.

Devonian

Two formations of Middle Devonian and three of Late Devonian age
are recognized in the Pine Pass area. The Middle Devonian Stone and Pine
Point Formations apparently onlap the western edge of Peace River Arch,
whereas the Late Devonian Mount Hawk Formation apparently extends from
the southeast across the Arch and into the margin of the Besa River basinal
facies to the northwest.

The Stone Formation consists of approximately 1,530 feet of very
finely crystaliine dolomites, sandy dolomites, and sandstones of very
shallow marine to supratidal origin. Minor collapse breccias indicating
the former presence of evaporites are common throughout the unit, as are
floating sand grains. The formation thins rapidly to the south, mainly
because of onlap, with only the upper members of the Formation being
present near the headwater of Misinchinka River. In the Pine Pass area




the Formation exhibits a very characteristic tan-weathering color. The 53.
Stone Formation rests with profound unconformity on the underlying

Beaverfoot Formation. Locally the unconformity is evidenced by as much

as 150 feet of well-rounded dolomitic sandstone and orthoguartzite at the

base of the Formation. The Stone Formation lacks fossiis in the Pine Pass
area, as is the case with many very shallow water - to supratidal succes-
sions. The age of the formation is presumed to be Eifelian on the basis

of outcrop continuity with dated sections north of Peace River.

The Pine Point Formation consists of approximately 1,000 feet
of medium crystalline, very dark grey dolomites and limestones. Dolomitic
sandstone, orthoquartzite, and red-weathering shales are Tocally common at
the base of the formation. The formation exhibits a very dark grey
weathering color and has a pronounced recessive interval near the base.

A significant unconformity marks the base of the Pine Point.
Rocks equivalent to the Dunedin Formation of the northern areas are
absent beneath this unconformity because of onlap onto the Peace River
Arch.

Fossils are very common in the Pine Point Formation.
Stringocephalus and Amphipora are the most characteristic. The Forma-
tion 1s of Givetian age. .

The Perdrix Formation is not exposed in the immediate vicinity
of Pine Pass because of structural complications. Its presence is pre-
sumed because of the occurrence of Mount Hawk carbonates immediately
beneath the Murray Thrust at the John Hart Highway. The formation is
exposed near the big bend of the Sukunka River (43 miles southeast of
Pine Pass), where approximately 1,000 feet of dark grey-weathering
shales overlie the Pine Point Formation and are in turn overlain by the
Mount Hawk Formation.

The Mount Hawk Formation consists of fine-grained, argillaceous
limestones that are exposed in the footwall of the Murray Thrust where it
intersects the Hart Highway. A.E.H. Pedder (pers. comm.) has identified a
typical Frasnian Mount Hawk fauna from this locality.

Carboni ferous

The Carboniferous of Pine Pass is represented by a sequence of
marine shale and carbonate rocks similar to that occurring in the more
northerly part of the Foothills of northeastern British Columbia. It
begins with the thick, non-calcareous, cherty mudstone and shale of the
Besa River Formation, grades upward through the calcareous shale and
argillaceous limestone of the Banff Formation into the fine-grained, silty,
argillaceous limestone and dolomite of the lower Prophet Formation, and is
capped by dolomite and skeletal limestone of the upper Prophet. This lith-
ological succession represents a gradual change from open marine, relative-
1y deep-water sedimentation during the Tournaisian (Early Mississippian)
and early Visean (early Late Mississippian), to shoaling and carbonate
bank development during the Middle and early Late Visean (Late Mississi-
ppian). Carboniferous rocks younger than early Late Visean are not found
in Pine Pass. The Prophet Formation is disconformably overlain by Lower
Permian rocks.



The Besa River Formation, which overlies the Frasnian Mount 54,
Hawk Formation, is a recessive, poorly exposed sequence of dark grey-
weathering shale, mudstone, and chert, Its total thickness is unknown.
A maximum of 450 feet is present in incomplete sections through the
upper part of the formation on the east side of the Murray Range,
southeast of Azouzetta lLake (Fig. 1). The Besa River underlies the
broad valley lying immediately east of the Murray Range. On the east
side of this valley, the Besa River grades upward into yellowish brown-
weathering, calcareous shale and 1imestone of the Banff Formation. The
Banff is absent on the east side of the valley, however, and its lateral
equivalents are within the cherty shale and mudstone of the upper Besa
River, which is directly overlain by cherty carbonates of the Prophet
Formation in sections southeast of Pine Pass near the headwaters of
Mountain Creek (Fig. 1). No diagnostic fossils have been found in the
Besa River of this area. Upper Paleozoic plant fragments have been
reported north of Pine Pass by Muller (1967, p. 80). The lower age
1imit of the formation is given by the occurrence of a Frasnian fauna
in the underlying Mount Hawk Formation, and the age of overlying Banff
Formation is probably Tournaisian {Early Mississippian). Thus, the
Devonian-Carboniferous boundary apparently lies within the Besa River
Formation.

The Banff Formation consists of several hundred feet of light
yellowish brown-weathering, argillaceous, silty limestone and calcareous
shale, which forms a recessive interval beneath the cliff-forming
carbonates of the Prophet Formation in the mountain range extending
southeast from Solitude Mountain (Fig. 1). It is gradational with
both the underlying Besa River Formation and the overlying Prophet For-
mation, and passes westward into the upper part of the Besa River exposed
on the east flank of the Murray Range (see above). Because of the poor
exposure and unfossiliferous nature of the Banff in the area, neither the
thickness nor the age of the. formation has been determined. A Tournaisian
age is indicated for the Banff of Pine Pass by the presence of late
Tournaisian to early Visean (late Osage to early Meramec) corals in the
lower part of the overlying Prophet Formation. To the southeast, the
Banff can be traced into beds with a fauna of Early to Middle Tournaisian
(1ate Kinderhook to early Osage) age.

The Prophet Formation is a sequence of resistant carbonates
exposed mainly in the mountain range extending southeast of Soiitude
Mountain and northwest along the east side of Callazon Creek and Clearwater
River (Fig. 1). In an incomplete section on the south side of the John
Hart Highway at the north end of Solitude Mountain, approximately 400 feet
of the formation is exposed (lower part covered). The lower 204 feet of
this section is mainly moderately resistant, dark grey, silty, argilla-
ceous limestone and dolomite containing scattered skeletal grains. Some
Tensing beds and nodules of dark grey chert and thin beds of calcareous
shale are also present. In the overlying 111 feet, these fine-grained
carbonates are interbedded with c1iff-forming, light greyish brown,
cherty, coarse-grained skeletal limestone. The upper 85 feet of the
Prophet is dominated by resistant, light to medium grey, medium- to
coarse-grained, doTomitic skeletal limestone showing well developed
crossbedding in part. Numerous lenses and beds of chert, and minor
micritic-skeletal limestone and dolomite are interbedded with the coarse-
grained carbonates. The contact with the overlying, less resistant Kindle




Formation is sharp and disconformable, showing up to 3 feet of local 55.
relief. An irregular, nodular, discontinuous chert bed up to 2 inches
thick marks this contact. The gradational change within the Prophet,
from fine-grained, dark grey carbonates and shale at the base to coarse-
grained skeletal T1imestone and dolomite at the top, is consistent along
this range toward the northwest into the Peace River area and to the
southeast approximately 35 miles, into the Burnt River area (Fig. 1).
Beyond this, in the Dawson Creek and Monkman Pass map-sheets, massive
skeletal Timestone occurs at the base as well as at the top of the
succession, and the name Rundie is applicable. The Prophet changes
facies westward toward the east flank of the Murray Range, where chert
and dolomite are dominant. There the lower half of the formation con-
tains thick intervals of shale and mudstone typical of the underlying
Besa River Formation. A similar facies change takes place across the
Foothills between the Peace River and the Alaska Highway to the north
(Bamber, et al., 1968, pp. 7, 8; Irish, 1970, p. 43?, where the Prophet
Formation passes laterally into the Besa River Formation by a westerly
increase in chert, shale, and mudstone, and a decrease in skeletal and
other Timestones of shallow marine origin.

McGugan (1967, pp. 85-87) has shown that the Carboniferous
clastic rocks %Stoddart Group) overlying the Prophet Formation north of
Pine Pass are truncated toward the south beneath a sub-Permian uncon-
formity, such that Permian rocks rest directly on the Prophet in Pine
Pass. It can also be demonstrated that the upper part of the Prophet
Formation has been truncated beneath the sub-Permian unconformity.
Corals collected near the top of the Prophet in the Solitude Mountain
section are slightly older than those occurring in the upper part of
the formation in more easterly sections near the John Hart Highway, and
in the area north of Pine Pass.

On the basis of coral faunas collected from several sections in
Pine Pass, the Prophet Formation ranges in age from Late Tournaisian or
Early Visean (Tate Osage or early Meramec) to early Late Visean {late
Meramec).

Permian

The Permian sequence of Pine Pass consists of an upper chert
unit, the Fantasque Formation, and a Tower unit dominated by silitstone
and limestone, the Kindle Formation. These units can be traced southward
along the mountain front from their type areas in the southeastern Yukon
(Fantasque Formation) and the Toad River area of British Columbia (Kindle
Formation}, through the Peace River area to Pine Pass (Bamber, et al. 1968,
pp. 10-13; Irish, 1970, pp. 45-53). McGugan (1967) proposed the informal
name Mount Greene beds for the rocks representing the Kindle Formation from
Pine Pass north to the Peace River area, and extended the name Ranger
Canyon Formation from the south to include the overlying chert unit. The
chert unit, however, has been removed beneath the sub-Triassic unconformity
between the Sukunka and Murray Rivers, an area between approximately 35 and



65 miles southeast of Pine Pass, and thus cannot be traced directly into 56.
the chert and sandstone of the Ranger Canyon Formation, which occurs

further to the south in the central and southeastern part of the Monkman

Pass map-sheet. Because of the physical continuity and lithologic

similarity between the Permian units of ‘Pine Pass and those to the north,

the northern terms Kindle and Fantasque are applied in this paper.

The Kindle Formation, which disconformably overlies the Prophet
Formation in Pine Pass, 1s a recessive, poorly exposed, greyish brown-
weathering unit composed of medium to dark grey, very fine-grained
argillaceous, sitty limestone, calcareous siltstone, and minor calcareous
shale. Its total thickness is unknown. An incomplete thickness of 159
feet is present in the Solitude Mountain section on the John Hart Highway.
(Fig. 1), and McGugan (1967, p. 87) reported 40 feet of phosphatic silt-
stones and carbonates belonging to the lower part of the unit in a railway
cut approximately 1% miles to the northeast. The Kindie thins to the
southeast, along the east side of Mountain Creek and Burnt River, and is
absent in sections approximately 30 miles southeast of Solitude Mountain.
To the west, along the east fiank of the Murray Range, the chert of the
Fantasque is underlain by approximately 450 feet of fine-grained, cherty,
dolomitic limestone with some beds of medium-to coarse-~grained, skeletal
Timestone. This Permian carbonate unit rests disconformably on the
Prophet Formation, contains Lower Permian brachiopods and fusulinid
foraminifers, and appears to be the northern extension of the Belcourt
Formation, which is well developed in the Monkman Pass map-sheet to the
south. The stratigraphic relationships between the Belcourt and the Kindle
Formation have not been established. A sparse, poorly preserved brachiopod
fauna of Early Permian (Wolfcampian or Leonardian) age occurs in the Kindle
of Pine Pass.

The Fantasque Formation is incompletely exposed in Pine Pass,
where it consists of resistant, dark grey, bedded chert with minor lenses
of cherty, phosphatic dolomite. McGugan (1967, p. 85, Fig. 2) reported
125 feet 'of rocks belonging to this formation in a railway cut less than
1 mile north of Solitude Mountain. Southeast of Solitude Mountain the unit
thins beneath the Triassic and, as stated above, is absent between the
Sukunka and Murray Rivers, 35 to 65 miles from Pine Pass. In sections on
the east flank of the Murray Range, southeast of Azouzetta Lake, the
Fantasque ranges from 102 feet to 109 feet in thickness and has approxi-
mately the same lithology as in Pine Pass, with thin interbeds of siliceous
shale and mudstone. Neither the upper nor the lower contact of the forma-
tion has been observed in the area and no fossils other than spicules were
found. The Fantasque overlies Lower Permian rocks, contains Permian fossils
near its type area to the north (Bamber, et al., 1968, p. 13), and is
consistently overlain by Lower Triassic rocks. A widespread unconformity
occurs between the Fantasque and Kindle Formations north of Pine Pass
(ibid., pp. 11, 12).
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JURASSIC AND CRETACEOUS ROCKS OF PINE RIVER REGION, 58.
BRITISH COLUMBIA

by D.F. Stott!

INTRODUCTION

_ Jurassic and Cretaceous rocks in northeastern British Columbia
include a thick succession of marine shales and sandstones interbedded
with continental, coal-bearing strata. Although the composite thick-

ness of the succession totals well over twenty thousand feet (Figure 1),
it is unlikely that so much sediment was ever present at any one Tocality.
Rather, it would appear that a series of depositional troughs developed
with the axis of each successively younger one occurring progressively
farther east.

Jurassic Fernie and basal Cretaceous Minnes strata of Pine River
region outcrop only in the Foothills, where the major exposures occur
between Clearwater River and the eastern rim of Carbon Creek basin. Bull-
head strata occur along the axes of several major synclines, particularly
the Carbon Creek syncline, and in folds as far east as the Tower end of
Peace River canyon. Successively younger beds outcrop eastward with Lower
Cretaceous Fort St. John beds appearing east of Crassier Creek in Pine
River valley and east of the canyon of Peace River. The Upper Cretaceous
Dunvegan Formation is involved in the folding along the eastern Foothills
and extends eastward into the Plains. The younger marine succession of
the Smoky Group appears south of John Hart Highway along an escarpment
extending from Murray River eastward toward Dawson Creek. The overlying
continental Wapiti strata form the bedrock surface of most of the Plains
region south of the highway.

Previous Work

The early history of ge81ogica1 investigations in this region is
summarized by Stott (1967a, 1968)4. The pioneer work of McLearn (1918,
1923) outlined the Cretaceous stratigraphy in the vicinity of Peace River
and studies by Wickenden and Shaw (1943? established the succession in

Pine River valley. The comprehensive summary by McLearn and Kindle (1950)
established a firm base for future geological investigations in north-
eastern British Columbia. Lowermost Cretaceous marine rocks in the Peace
River region were first recognized by Mathews (1947) and more recently were
described by Hughes (1964). A summary of Jurassic stratigraphy was given

1 Institute of Sedimentary and Petroieum Geology
Geological Survey of Canada
3303 - 33rd Street N.W.
Calgary 44, Alberta

2 Reference to every report concerning Jurassic and Cretaceous stratigraphy
in the region of Pine and Peace Rivers is not possible in this type of
summary. The interested reader may compile a more complete bibliography
by consulting those references listed.
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by Springer et al. (1964) and similar summaries of Cretaceous strati- 60.
graphy were presented by Rudkin (1964) and Williams and Burk (1964).
Considerable new information from this region has become available in
recent years. The lowermost Cretaceous Minnes succession north of Peace
River was outlined by Stott (1967a, 196%9a); the Fort St. John Group
between Smoky and Peace Rivers was described in detail (Stott, 1968)

and the Upper Cretaceous Smoky Group between Smoky and Pine River was
described also {Stott, 1967b). In addition, the Halfway and Charlie
Lake map-areas were mapped by Irish (1958, 1970); Dawson Creek map-area,
by Stott (1961); the Pine Pass map-area by Muller (1961). The Pine
valley was mapped by Hughes (1967). Currently, the mapping and strati-
graphy of much of this region is being revised as part of a detailed
geological study, Operation Smoky, being undertaken by the Geological
Survey of Canada.

JURASSIC

Fernie Formation

Jurassic strata lie unconformably on Triassic beds as a result
of uplift related to the development of the Omineca geanticline to the
west and also to general epeirogenic uplift of the craton to the east.

Thin euxinic shale, siltstone, and limestone beds are characteristic.
During Jurassic time, subsidence was slight within the Alberta trough and
sedimentation was disrupted by minor regressions. No Middle Jurassic
Bathonian or upper Bajocian rocks are recognized (Frebold and Tipper, 1970)
and non-deposition during that time may be attributed to an orogeny in the
Cordilleran region. A thin glauconitic unit of Oxfordian age apparently
represents another regression within the Alberta trough and may be related
to uplift of the margin of the craton. During latest Jurassic, the Omineca
geanticline, uplifted during the initial phase of the Columbian orogeny,
began to contribute large quantities of sand.

The most complete exposures of the Jurassic Fernie Formation in
this region are north of Peace River (Stott, 1967a, 1969a). There, a basal
unit 56 to 209 feet thick, consists of phosphatic, calcareous, and cherty
shale with minor Timestone and siltstone. Although that unit was correlated
on the basis of lithologic and paleontologic similarities with the Sinemurian
Nordegg Member of the central Alberta Foothills, a recent revision of the
fauna by Hans Frebold (1970) indicates that most of it is of late Pliens-
bachian age and therefore younger than the type Nordegg. A few feet of
Sinemurian beds are present at some localities. The younger Pliensbachian
beds may be correlated with the Red Deer Member recently defined by Frebold
(1969). That succession is overlain by black, calcareous, papery shale
whichalmost certainly represents the Paper Shales. The middle succession
of 65 to 273 feet of rusty weathering sideritic marine shale with a persis-
tent glauconitic siltstone marker, is equated (Stott, 1967a), on the basis
of 1ithology and of microfauna identified by T.P. Chamney, with the Rock
Creek, Grey Beds, and Green Beds of more southerly regions (see Frebold, 1967;
Frebold and Tipper, 1970). Interbedded sandstone and shale grade upward into
fine - to coarse - grained, quartzose sandstone of the Monteith Formation,
which spans the boundary between the Jurassic and Cretaceous.



Tahie of Formations
(thlcknars in feat)

Group Formstion Member Deacription
Waplt Conglomerate; fino- to coares-grained sandetons;
{0-1,500) carbonacecus shals and conl.
Womad Rusty wonthering rubbly shaloa, greenleh grey shales
{0 -158) and fina-grained, thin-bedded sasdaionas.
Chungo Fins—grainad, thick-bedded, brown weathering sand-
(12-184) atonss and dark grey elltatone,
Puskcwaskau | Hapson Dark grey, ruaty weatharing, blocky to rubbly
(375-1,200) | (115-178) shales,
Thistle Dark grey o black, calcaraous, platy to fissile
{100-800) shalan,
Dowling Dark grey, rubbly to platy shales, weathering rust.
(50-2007)
Bad Heart Fine-grained, thick- to thin-badded sandstone,
(0-85) weathering brown. In some reglons, Includes
brockiah and pon-marina carbonaceous, greyish
and graenizh shales,
Musk!kl Dark grey, Tubbly to platy shalas, weathoring rust
{115-281) and having banded appasrance.
Smoky Baytree Masaive ta thick-bedded conglomerate of chert and
Uppar Group 0-37 quartzite pebblea in coarse-grained sandstons
Cruataceous | {1, 260- matrix.
3,800) Cardlum Mooashound Grayish graen to brown, carbonaceous, rubbly shales;
(167-225) (0-143) fine- to coarsa—grainsd carboniceons mandsiones;
thin coal beds, minor conglomerats,
Ram Fine-grained, thlok-bedded sandstons, woathsring
(40-94) Tusty brown.
Opabin Dark grey, rusty westhering, blocky to rubbly shales.
{175-326;
Haven Dark grey to black, rubbly to platy shales, weathering
{100-620) rust, with yellow sffloreacence nnd fetid odour.
Kaskapau Vimy Dark grey to biack, calcarsous, platy to fissiia
(850-2,800) (260-800) shalos, Includes much floe-gralned, thick- to
thin-bodded mandstons Ln sorthweststn part of
region,
Sunkay Dark groy, rubbly to platy shales, weathering rust;
(100+-1,000} sandstone, fine-grained, thick- to thin-bedded and
ailtstone, argillaceoun; sideritic conarstlons.
Dunvegan Flne- to coarsa-grained sandstone; conglomerste;
{150-1, 2000 carboneceous shale and coal,
Cruisar E‘:n.l Dark grey marlne shale with sidoritic concretions;
(350-800) soms sandsione
Goodrich Fm.l' Fina-grained, crosshedded sandstono; shale and
{50-1,360) mudatons,
Hasler Fm.! Silty, dark grey marine shale with sidoritic
Fort {5007-1,500) concrations; siltstons in lower part.
i;;m Boulder Cresk | Filne-gralned, wall sorted sandstono; massive
(2,000~ Meamber conglomernto; non-marine sandstone and
s
5,000} {240-560) mudatons,
Commotion Hulcroas Dark gray mariss shale with aidorltle conoretions.
(1,080-1, 6oo | Mommber
‘ ' {0-450)
Lowser Gatas Fine-grained, narine snd non-marine sandatones;
Cramcoous Mamber conglomerata; coal; shale and mudstone
{220 -900}
Moossbar Dark gray marina shala with siderltlo conorations;
{100-1, 000) glauconitic aandsione and pobblea at base,
Gathing Fina- to coaras-grained, brown, calcarsous,
{15-1,300) carbonaceous sandatons; coal, carbenaceous
Bullhaad shale, amd conglamerats
(;Dgao) Oxadomin Atagaive conglomerate contalning chart and
: {45-704) quartzite pobblas
Reglonal ernslonal unconformity; bevels rock of
succosdingly older ge northward and eastward
Unnamed Sandstene, fine-grained and slity shale;
(0-1,4007?) oarbonaceous in part
Monach Sandstene, fins-grained, argillacoous; massive,
Minnas (0-1,000) fino- to cosras-grained quartzoss sandétons.
6-6,500) Beattle Peaks Interbedded fina-grained sandatons and ailty shales.
{0-k, 300}
Montalth Sandatons, fine grained; white, quartzoss {ine- to
{0-2, 000} coarse—graloed sandatons
Jurzasic Farnia Calcareouns and phosphatio shales; voaty weathering
0-1,900) shaion; glauconitio sfitstons; sideritic shales,

thinly Interbedded sandstone, shale, and siltsiona.

1T]w Hasler, Goodrich, and Crulser Formations are recognired in ihe Foothills.
Equivalent shales in the Plains are inoluded in the Shaftosbury Formatlon,
Gates sandstonas in Peace Rivar Reglon are consldered as a formation; farther
south, they ars Incloded In Gatws Mamber of Commaotion Fornution.
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To the south between Peace and Pine Rivers, Jurassic rocks form 62.
a narrow recessive interval between more resistant Triassic and Cretaceous
rocks and are poorly exposed. In most places, only parts of the formation
occur in isolated outcrops and no complete description has been obtained
of all the members. The Fernie Formation was determined to be more than
1,900 feet thick in its most westerly exposures in the vicinity of Bocock
Peak. The basal Nordegg Member, containing lower Sinemurian Arietitidae,
Oxytoma cygnipes Phillips, Gryphaea, and Furcirhynchia striata (Quenstedt),
1aent1Tieg by Frebold, is exposed in the railraod cut at Pine River bridge
and consists of 39 feet of limestones and calcareous shales. Only the
basal part of an overlying unit of phosphatic chert and shale is present
at that locality but, to the north, the unit is about 50 feet thick. This
unit is probably equivaient to the beds containing late Pliensbachian fauna
in the Halfway region. No accurate measurement was obtained of the interval
between that unit and a distinctive marker bed of glauconitic mudstones,
but it is in the order of 400 to 500 feet. That interval presumably repre-
sents the Paper Shales, Rock Creek, and Grey Beds of the southern Alberta
Foothills (see Frebold, 1957; Frebold and Tipper, 1970). An extra-ordinarily
thick unit of concretionary mudstone, glauconitic pebble mudstone and inter-
bedded sandstone, siltstone, and mudstone, probably equivalent to the Green
Beds and Passage Beds, is in the order of 1,500 feet (Plate I). Hughes
(1967) reported the occurrence in these upper beds of Buchia mosquensis
(Buch) and Buchia piochii (Gabb) for which Jeletzky (1968; see also Jeletzky
and Tipper, 1968) suggested a Portlandian age. These beds can be correlated
with the Passage Beds of the Southern Alberta Foothills and with the lower
part of the Nikanassin Formation.

UPPERMOST JURASSIC - LOWER CRETACEQUS

Minnes Group

Sedimentation in the rapidly subsiding Alberta trough was continuous
from the Jurassic into earliest Cretaceous time. Large quantities of debris,
derived from the rising Omineca geanticline to the west, were deposited in a
narrow marine embayment. Warren and Stelck (1958a) and Jeletzky (1968a)
postulate a connection with Tyaughton trough on the western side of the
geanticlinal welt, but there is some possibility that the embayment extended
from the Yukon region. That embayment persisted through Berriasian and most
of Valanginian time but apparently had disappeared by Hauterivian time.
Continental deposition was followed subsequently by active erosion of the
earliest Cretaceous succession.

Two new groups were proposed by Hughes (1964); the Beaudette Group
contained the Monteith, Beattie Peaks, and Monach Formations; the Crassier
Group included two new formations and the Gething Formation. Recent work by
the writer demonstrated that no major faunal break occurs at the top of the
Monach Formation, and that the major lithologic change occurs at the base of
conglomeratic sandstones assigned to the Cadomin Formation. Those upper
Jurassic to lowermost Cretaceous sediments are included in the Minnes Group
(Ziegler and Pocock, 1960; Stott, 1967a, 1969a). The succession(Plate I1),
dominantly marine in the vicinity of Pine River and transitionally overlying
the Jurassic Fernie Formation, has a maximum thickness of more than 6,500



feet along the western Foothills between Pine and Peace Rivers but decreases 63.
eastward to an erosional edge. The sequence is bevelled by a major regional
unconformity and throughout the region is overlain unconformably by the Lower
Cretaceous Bullhead Group.

Monteith Formation

The Monteith Formation {Mathews, 1947, p. 10) consists dominantly
of marine sandstones. The formation extends around Carbon Creek basin where
a prominent quartzose sandstone unit forms a high rim on the eastern side.
The formation is recognized as far north as Besa River and at least as far
south as Goodrich Peak. The thickest sections occur along a line between
Mount Rochfort and Mount Le Moray, being in the order of 1,800 to 2,000 feet
thick. The formation thickness decreases eastward and northeastward, being
about 1,000 feet along the eastern rim of Carbon Creek basin and only 500
feet in eastern sections near Halfway River. The lower part of the formation
and the transitional contact with the underlying Fernie Formation are well
exposed just west of Le Moray Lodge on John Hart Highway.

Much of the Monteith consists of fine-grained, grey, siliceous,
massive to flaggy, argillaceous sandstones, with thin intervals of silty
shale. Fine-to-coarse-grained quartzose sandstone is most common at the
top of the formation in the eastern Foothills but eccurs throughout the
succession at Mount Rochfort.

Ammonites comparable with Pavlovia s. lato., Buchia piochii (Gabb)
and Buchia ¢f. B. fischeriana (D'Orbigny), collected by MuTler and Irish from
sandstones occurring either at the top of the Fernie or at the base of the
Monteith, were dated by Jeletzky as late Tithonian or Purbeckian (Tatest
Jurassic) and may be correlated with fauna in the lower part of the Nikanassin
Formation to the south. Buchia, which according to Jeletzky may represent
some part of the Buchia fischeriana zone of Tatest Tithonian age or the
Buchia okensis zone of earliest Berriasian age and Buchia cf. okensis of early
Berriasian age were collected by Hughes (1964, p. 18; see also Jeletzky, 1968)
from lower Monteith beds on Le Moray Mountain. Tollia (Subcraspedites) cf. T.

ayeri {(Toula), T. L§,) cf. T. stenomphala {Pavliow), T. {S.) cf. T. suprasubdita
EBogos]ovsky), Buchia uncitoides (Paviow), B. aff. B. unschensis Pavlow, Buchia
volgensis JeletzKy, B. aff. B. keyserlingi {Lahusen), collected by the writer
from the middle and upper Monteith beds were identified and assigned by
Jeltetzky to the Buchia uncitoides subzone of late Berriasian age. Tollia (S.)
cf. T. to11i and Buchia cf. B. keyserlingi found either in the upper Monteith

or in the lowermost Beattie Peaks have been recently dated tentatively as of
early Valanginian age by Jeletzky (pers. com.). The Monteith Formation of

Pine Pass region, therefore, appears to range in age from Tithorfan (Tatest
Jurassic) to earliest Valanginian.

Beattie Peaks Formation

The Beattie Peaks Formation {(Mathews, 1947) represents delta-front
to mid-basin deposition associated with some enlargement of the basin in
Valanginian time. Beattie Peaks strata are most typically developed at the
type locality at Beattie Peaks and in other exposures along the eastern rim
of the Carbon Creek basin. To the west and south, the interval becomes much
sandier and the formation is less readily distinguished from the enclosing



strata. The formation is 1,270 feet thick at Beattie Peaks, decreasing 64.
to 935 feet at Mount McAllister.

The dominant 1ithology in the type region is silty, brownish
grey-weathering mudstone alternating with numerous Tenticular and
thin-bedded argillaceous sandstone, and a few thin coquinas, consisting
mainly of Buchia with some belemnites. The sandstones are grey, finely
and uniformly taminated, and are generally siliceous. These sandstones
range from flaggy to thin-bedded, and many have the characteristic
features of channel-fill.

Fauna obtained from the basal Beattie Peaks includes Buchia cf.
B. uncitoides (Paviow) that Jeletzky assigned to either the late
T{latest 7) Berriasian zone of B. uncitoides or the early Valanginian zone
Tollia tolli. Other early Valanginian forms reported by Hughes (1964)
from the Beattie Peaks include Polyptychites c¢f. P. keyserlingi and Buchia
keyserlingi (Lahusen). Collectons from higher in the formation include
Buchia sp. aff. B. inflata {Toula), B. cf. B. keyserlingi (Lahusen), B.
bulloides {Lahusen), Polyptychites and B. aff. B. crassicollis, which
according to Jeletzky are representative of the Buchia n. sp. aff. inflata
zone of mid- to late Valanginian age (see Jeletzky, 1968).

Monach Formation

The Monach Formation (Mathews, 1947), about 400 feet thick,
comprises flaggy to massive, fine-grained, argillaceous sandstones overlain
by a unit of thick-bedded, fine-grained to congiomeratic quartzose sand-
stone. The Monach is mapped within the Carbon Creek basin but elsewhere
grades laterally into sediments similar to those of the Beattie Peaks
Formation and cannot always be recognized as a distinct unit. Although
the quartzose sandstone unit was not found in the vicinity of Goodrich
Peak south of Pine River, a prominent succession of sandstone strata at
that locality is assigned to the formation. An extremely thick unit of
quartzose sandstone occurs within the Monach Formation north of Gold
Bar (Plate II) and it now appears probable that beds included by the
writer (Stott, 1967a, 1969ag in Unit 2 of the Beattie Peaks and (?)
Younger Beds in the Halfway River region are equivalent.

Buchia bulloides (Lahusen), B. n. sp. aff. inflata (Toula),
and B, cf.”B. crassicollis Keyserling) were collected hy the writer from
the type Monach and Polyptychites cf. P. polyptychus (Keyserling) was
collected by Hughes from the formation in Pine E1ver valley. This fauna
is assigned by Jeletzky to the mid- to late Valanginian zone of Buchia
n. sp. aff. inflata.

Unnamed Formation

In previous years (Stott, 1962, 1967a), the writer pointed out
that the Monach Formation was separated from Cadomin conglomeratic sand-
stones by a succession of interbedded fine-grained, brown, laminated
sandstone and silty shale. Hughes (1964) attempted to extrapolate that
unit into the subsurface in the French Petroleum-Richfield Brenot Creek
No. 1 well, defining a new formation, Brenot, based on an interval within
that well. Until current studies are completed, the writer still prefers
to hold in abeyance the application of Brenot to the outcrop unit (see
also Stott, 1967a, p. 20).



This upper, unnamed unit contains fine- to medium-grained 65.

sandstone, dark grey silty shales, in part carbonaceous and, at some
localities, a few thin seams of coal. In most places, only the thicker
sandstones are exposed and the recessive beds are covered. The thick-
ness ranges from about 800 feet along Fisher Creek, northeast of Mount
Bickford, to possibly as much as 1,400 feet in the most westerly
sections.

Fauna obtained from these upper beds of the Minnes Group include
Buchia n. sp. aff. B. inflata {Toula), B. aff. B. crassicollis var. solida
(Lahusen), and 8. cf. B. buTToides {(Lahusen). This fauna, similar to that
of the underlying Monach Formation, is assigned by Jeletzky to his zone of
B. n. sp. aff. B. inflata and dated as mid- to Tate Valanginian.

Pre-Bullhead Unconformity

The withdrawal of the Neocomian sea from the Alberta trough
resulted finally in widespread erosion. Lowermost Cretaceous and Jurassic
strata are bevelled by a regional erosional unconformity in an easterly and
northerly direction and successively older Mesozoic and Paleozoic strata
appear toward the craton. The unconformity represents a major erosional
interval in Neocomian to (?) Aptian time.

LOWER CRETACEQUS

Bullhead Group

As the uplift associated with the Columbian orogeny continued
in the Cordilleran region to the west, coarse clastic material spread
eastward across the Alberta trough. Renewed subsidence within the Alberta
trough permitted the gradual advance from boreal regions of the Aptian (?)
to early Albian sea and once again marine environments extended toward
Peace River. The seaway was bordered on the south by a broad, Tow-lying
alluvial plain. The sediments deposited in that ailuvial environment are
included in the Cadomin and Gething Formations of the Bullhead Group as
recently modified by Stott (1968).

Cadomin Formation

The Cadomin Formation (McKay, 1929; see also Stott, 1968},
consisting of massive conglomerate and conglomeratic sandstone, occurs
along the axes of several major folds between Crassier Creek and Mount
Le Moray. It lies on Minnes strata in the western Foothills but, as
Minnes strata are truncated in a northeasterly direction, the Cadomin
lies unconformably on Fernie shales in the Plains to the east.

The Cadomin beds are present in several folds between Pine River
and Bullmoose Mountain (Plate III) and are well developed within the
Carbon Creek basin. The Cadomin beds were well exposed before construc-
tion of the power dam on Peace River and some of the upper beds are still
visible at the toe of the dam. '



The formation is 96 feet thick south of Beaudette Creek and
increases to over 700 feet in the vicinity of Peace River.

The conglomerates are composed mainly of rounded pebbles of
quartz, chert, and quartzitic sandstone, embedded in a matrix of coarse-
to fine-grained sandstone. The sediments are extremely well indurated
and fractures commonly cut through rather than around the pebbles. The
sandstones occur in massive 5 to 20-foot beds that weather reddish brown
to grey. They range from fine- to coarse-grained. Bedding is not always
apparent but both planar and crossbedded units are present. Some thin
beds of dark grey shales, siity mudstones and coal are interbedded with
the conglomeratic sandstones.

The Cadomin Formation is not definitely dated. However, in the
Pine Pass region, it lies on rocks containing fossils dated by Jeletzky
as middle to late Valanginian. Ziegler and Pocock (1960) suggested that
underlying beds in the region of Mount Minnes, some 125 miles to the south,
might be as young as Barremian. As the Cadomin is overlain by the Gething
Formation which can be no younger than early Albian, the Cadomin can be
tentatively dated as late Neocomian to possibly eariiest Albian. As
suggested by Jeletzky and Tipper (1968, pp. 88-89), the Cadomin conglo-
merate appears to be contemporary with coarse conglomerates of the
Frenchman Barr Formation which 1ies along the western flank of the
Omineca geanticline.

Gething Formation

The Gething Formation (McLearn, 1923) is a coal-bearing
succession that is extremely well exposed at Peace River canyon
(Plate IV). To the south, complete sections are rare and only isolated
exposures are found. The thickness of the formation at the canyon was
shown to be at Teast 1,600 feet (Stott, 1969b). A re-examination of the
section in 1969 convinced the writer that no fault occurs within the
succession so the total thickness of the Gething there approaches 1,800
feet. This maximum thickness represents the depocentre of a lobe of sedi-
ments whose axis parallels the ancient Peace River arch and trends north-
eastward from the cahyon toward Fort St. John.

The Gething Formation consists of alternating units of sand-
stone, carbonaceous shale or mudstone, with some coal and conglomerate.
The finer sandstones contain a moderate to high percentage of clay matrix
with considerable quantities of carbonate and lithic detritus. The coarse
sandstones, containing a high percentage of chert, contain little or no
carbonate detritus and only minor amounts of matrix. Although numerous
beds of coal are present in the Peace River canyon, the maximum thickness
is in the order of only 5 to 6 feet. Thicker seams have been uncovered
near Cleveland Creek along the John Hart Highway. Coal mines were in
operation on Hasler Creek and near Peace River but mining activity has now
ceased. '

66.



The Gething Formation can be dated by its stratigraphic position 67.
as Hauterivian to early Albian. It is equivalent to that part of the
Blairmore Group extending downward from just above the Ostracod Zone.
It is probably equivalent to much of the McMurray sandstone of the Tower
Athabasca Rijver.

Fort St. John Group

During Albian time, variations in the rate of suybsidence, the
rate of deposition and the rate of uplift of the source region resulted
in major marine transgressions which alternated with major regressions
marked by alluvial and epineritic sediments. The non-marine facies do
not extend far beyond a north-east trending hingeline that more or Tess
parallels the axis of the Devonian Peace River arch. The initial deposits
of the Fort St. John Group are those of the first major Albian marine
transgression to extend southward beyond Peace River. The group includes
the Moosebar, Commotion, Hasler, Goodrich, and Cruiser Formations.

More than 4,800 feet of Fort St. John strata occur on Dokie
Ridge (Plate V; see Stott, 1968), about 5 miles north of WiTllow Flats on
John Hart Highway. . The Group thins northeasterly toward the Plains and
the axis of maximum accumulation trends northeasterly, from upper Pine
River, ' '

Moosebar Formation

The Moosebar Formation, defined by Mclearn (1923) on Peace
River, extends southward at least to Kakwa River and equivalent marine
beds are present at Cadomin, 125 miles to the south (Mellon and Wall,
1963). The formation is about 950 feet thick at Peace River and decreases
southward, being 675 feet at Bullmoose Mountain and only 140 feet at Mount
Torrens. The Moosebar consists of marine shale and siltstone. The basal
shales are dark grey, rubbly to blocky and commonly contain reddish brown-
weathering sideritic concretions. Highly glauconitic, argillaceous silt-
stone occurs near the base in many places and a thin bed of pebbles marks
the contact with the Gething Formatien.- -

Arcthoplites {Freboldiceras) irenese (Mclearn), obtained from
upper Moosebar shales south of Peace River, Ts considered by Jeletzky to
represent the lower part of the generalized Arcthoplites or Beudanticeras
affine zone and.is believed by him to be of Tate Tower Albian age. A
characteristic .microfaunal assemblage of Marginulinopsis collinsi, was
reported by Stelck et al. (1956, p. 11} from the Lower Moosebar of the
Pine River area. In addition, a similar assemblage was obtained from
Moosebar shales near Mount Torrens (Mellon et al., 1963, p. 67; Chamney
in Stott, 1968, p. 55). On the basis of its fauna, the Moosebar is
correlated with the lower Buckinghorse Formation of the Sikanni Chief
region, with the Clearwater Formation of Athabasca River, and with the
Wilrich Member of the subsurface Spirit River Formation of the Peace
River Plains.




Cormotion Formation 68.

The Commotion Formation records two major regressions and a
major, although short-1ived, marine transgression. The lower and upper
members, Gates and Boulder Creek respectively, include the alluvial,
deltaic, and epineritic sediments of the regressive phases and the middle
Hulcross Member contains marine shales of the transgressive phase. The
regressive marine sandstones rise stratigraphically as the formation is
traced northward from Kakwa River toward Peace River. Those sandstones
formed the seaward edge of continental deposits. Thus, in the south, a
thick succession of carbonaceous sediments with coal accumulated but,
farther north, only marine sandstones are present. The latter reached
their maximum development near Pine River; farther north they grade
laterally into finer and siltier offshore sandstone.

The Commotion Formation was defined in the Pine River valley by
Wickenden and Shaw (1943, p. 5). Although the formation can be traced
north of Moberly River, only the lower sandstone member retains its
identity at Peace River and it is mapped there as the Gates Formation.
The Commotion Formation is, however, a mappable unit in the Foothills
as far south as Kakwa River. The formation is 1,311 feet thick at Dokie
Ridge (Plate V), increasing to a maximum of about 1,600 feet in vicinity
of Bulimoose Mountain and Wolverine River.

The Gates Member increases from 226 feet at Steamboat Island to
a maximum of 873 feet near Belcourt Lake. It contains a cyclic succession
of sandstones, mudstones, coal, and some conglomerate. In the southern
part of the region, most of the member was deposited in a continental
alluvial environment but in the region of Pine and Peace Rivers much of
it is marine. Basal marine sandstones are fine-grained, laminated, brown,
and calcareous. Coal is more abundant in the Kakwa-Belcourt region. This
member contains an extensive fossil flora considered by D.C. McGregor and
the late W.A. Bell to be equivalent to the Lower Blairmore flora (see Bell,
1956), which, until studies in this region were completed, had been consi-
dered to be most 1ikely Aptian. However, the underlying Moosebar shales
can be definitely dated as late early Albian. The Gates Member at Peace
River contains fauna of the generalized zone of Beudanticeras and Lemuroceras
(McLearn and Kindle, 1950; Stelck et al., 1956; Stott, 1968) considered by

Jeletzky to be of late early Albian age.

The middle shales, or Hulcross Member, extend southward from
Peace River at least to Wapiti River and possibly beyond. Equivalent beds
on Starfish Creek are 435 feet thick and the member decreases to zerc at
Kakwa River. These marine shales are silty and dark grey but weather
rusty and commonly grade upward into interbedded siltstone and mudstone.
The Hulcross Member, at Moberly River, contains Pseudopulchellia pattoni
Imlay and Gastroplites kingi Mclearn var. flexicostatus Imlay. This fauna
is considered to represent the lower part of the generalized late middle
Albian_Gastroplites zone (see Jeletzky, 1968b).




The_Boulder Creek Member contains transitional, deltaic, and 69.

flood-plain facies. In the Pine Pass region, it is readily divided into

three parts: a lower unit of thick-bedded to massive, fine-grained well
sorted sandstone; a middle massive conglomerate (the Boulder Creek conglo-
merate of Spieker, 1921); and an upper coal-bearing succession of inter-
bedded carbonaceous shales and argillaceous sandstone. To the south of

Pine River, the tripartite division is not so evident. Conglomerate may

occur throughout the upper part and coal-bearing beds range into the lower
part of the member. The member is 556 feet thick on Dokie River amd de-
creases to 204 feet at Wapiti River.

Wickenden and Shaw (1943) obtained angiosperms from the Boulder
Creek beds in the Pine Valley (see Bell, 1956). A flora containing several
species of angiosperms was reported by Mellon et al., (1963) from the upper
Commotion at Mount Belcourt. Additional speciments were obtained from the
Temb§r at Bullmoose Mountain and Commotion Creek by the writer (Stott,
968).

Pseudopulchellia pattoni Imlay and Gastroplites kingi MclLearn
var. flexicostatus Imlay occur either just beTow or in the basal beds of
the Boulder Creek Member in the Moberly River valley. This fauna is dated
by Jeletzky as middle Albian. The Hulcross and Boulder Creek Members are
equivalent to the Peace River Formation of the Peace River Plains (see
Stott, 1968, Figs. 3, 4, 5).

Hasler Formation

The Hasler Formation (Wickenden and Shaw, 1943) comprises marine
shales, siltstones, minor sandstone, and a few thin beds of pebble conglo-
merate. No complete section of the formation is known in Pine Valley but
parts of the formation are well exposed in road cuts west of Boulder Creek
and along Hasler Creek. The formation is 868 feet thick on Dokie Ridge
(Plate V; Stott, 1968).

Two main facies occur; the basal one is predominantly argillaceous
siltstone with interbedded shale, and the upper one is rubbly shale. Several
tens of feet of beds of both facies are exposed in the road cuts along John
Hart Highway. Thin beds of conglomerate or pebbly mudstone occur in the
upper facies on Hasler Creek.

On Peace River between Hudson Hope and the lower end of the
canyon (Starfish Creek), beds equivalent to the upper two members of the
Commotion Formation are predominantly marine shale and siltstone and, for
mapping purposes (Stott, 1968), were included in the Hasler Formation.
Those beds are continuous with shales occurring at The Gates east of
Hudson Hope.

In its type region, the Hasler Formation lies above Commotion
strata containing the middle Albian Gastroplites kingi fauna and below beds
containing the Tate Albian Neogastroplites fauna. The lower shales on




Starfish Creek and neighbouring gullies have yielded Gastroplites kingi 70.
McLearn, G. kingi Mclearn var. flexicostatus Imlay, Inoceramus cf.
cadottensis Mclearn, I. ex gr. T. anglicus Woods, and Lophidiaster cf.

L. silentiensis McLearn. This fauna is assigned by Jeletzky (unpubl.
Tnterdept. rpts., 1969-1970) to the lower part of the generalized
Gastroplites zone of middle Albian age. The