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Frontispiece - Base camp at the abandoned Central
Leduc Toad River ill well site on

the Liard River.



LIARD RIVER AREA

INTRODUCTIO N

The area hero mapped as the Liard River area is situated

northwest of the town of Fort Nelson, British Columbia (Figure 1,

Index Map). It includes part of Northeastern British Columbia*,

southeastern Yukon Territory and the southwestern part of the

Mackenzie District, Northwest Territories. Of Bostockts (1949)

physiographic subdivisions, it embraces part of the Interior Plains,

the northern extension of the Rocky Mountain Foothills, and, in

part, the Liard Plateau (Figure 2).

It was proposed to investigate and compare the structural

relations of the folded Foothills Bolt with those of the Liard

Plateau. The structure of the area was therefore mapped in detail

with particular references to those structures favourable for the

accumulation of hydrocarbons.

Stratigraphic information regarding prospective oil-

bearing horizons was also obtained by measuring and describing

several sections, including some type sections occuring within

the area.

This combination of structural and stratigraphiu investi-

gation is essential for a dear understanding of the area.

*The northeastern British Columbia portion of the field map is not
included in this report, however much of the stratigraphy as dis-
cussed applies to this southern portion.
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ACCESSIBILITY AND FIELD WORK

,111111

At the townsite of Fort fleisoi-.; British Columbia,

begins an eight hundred and fifty mile route to the north by way

of the Fort Nelson, Liard, and Mackenzie Rivers along which

supplies and equipment can be moved by barge during the sumer

months. It is also possible to navigate up the Liord River by

barge to Hell Gates above whidh rapids and turbulent water make

further travel dangerous or impossible.

Equipment can be moved by land only during the winter

months when the many tractor trails and seismic roads are suffi-

ciently frozen to support heavy weights.

Field work was con:need during the early part of June,

1959. The first base camp was established at Nelson Forks where

supplies had previously been cached by barge. Subsequent base

camps were established on the Liard River at the abandoned Toad

aiver Ul well site (see Frontispiece), and lastly at Fantasque

Lake in the Yukon. These three base camps wore 70, 90, and 120

air miles from Fort Nelson, respectively. Numerous two-man "fly"

camps were sot out from base camp in order to obtain stratigraphic

information. Gasoline caches were made by barge at Uolson Forks,

at Fort Liard, and at Nahanni Butte.

A Beaver De Havilland float-equipped aircraft was

chartered from Gateway Aviation, Edmonton, Alberta. This plane

was used for geological reconnaissance flights over the area, camp

movus, gasoline caching, and weekly supply service from Fort Nelsen.
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A Bell Model G-2 helicopter was chartered from Foothills

Aviation, Calgary, Alberta. This craft was used in daily sot-outs

of two geologists, movement of fly-eamps, and for detailed structural

mapping including numerous stops for examination of the outcreps and

their altitudes.

A 35-foot boat powered by a 35 H.P. outboard motor was

used for traverses on the Liard and Toad Rivers. The Beaver River

was traversed by canoe downstream from approximately Latitude 126".

Except for a short portage south of Fantasque Lake, this river is

navigable for over sixty miles, although low water conditions in

July made the trip hazardous*

Operations ceased in the area near the middle of August

when the entire party moved north to Little Doctor Lake on the

Nahanni Range, N.M., for further work in that area.

A goodly portion of the area north and northeast of

Fantasque Lake is after Douglas (lc59), as time did not permit a

detailed examination of this area. This portion of the map area

was checked in the office from air photographs, however.

AC 101CWILITGEHENT S

The author wishes to express his sincere thanks to all

members of the field party, which included as geologists, Pim Linckens,

Ulrich Wiesner, Jack Fotheringham, and Reg Griffiths; to Harry Lawrence,

cook, and to Al Davis, cook's helper; to Doug Rae and Bill McKinnon,

pilot and engineer of the Beaver; and to Frank Croomees and Roy

Orcherton, pilot and enginoer of the helicOpter. Without the full



cooperation of everyone concerned, it would have been impossible to

complete the area mapped in this report.

Thanks are also extended to Mr. Humor Johnston who super-

vised and planned the operation, spent sevoral days in the field and
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Frontispiece - Base camp at the abandoned Central
Leduc Toad River ill well site on

the Liard River.



LIARD RIVER AREA

INTRODUCTIO N

The area hero mapped as the Liard River area is situated

northwest of the town of Fort Nelson, British Columbia (Figure 1,

Index Map). It includes part of Northeastern British Columbia*,

southeastern Yukon Territory and the southwestern part of the

Mackenzie District, Northwest Territories. Of Bostockts (1949)

physiographic subdivisions, it embraces part of the Interior Plains,

the northern extension of the Rocky Mountain Foothills, and, in

part, the Liard Plateau (Figure 2).

It was proposed to investigate and compare the structural

relations of the folded Foothills Bolt with those of the Liard

Plateau. The structure of the area was therefore mapped in detail

with particular references to those structures favourable for the

accumulation of hydrocarbons.

Stratigraphic information regarding prospective oil-

bearing horizons was also obtained by measuring and describing

several sections, including some type sections occuring within

the area.

This combination of structural and stratigraphiu investi-

gation is essential for a dear understanding of the area.

*The northeastern British Columbia portion of the field map is not
included in this report, however much of the stratigraphy as dis-
cussed applies to this southern portion.
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ACCESSIBILITY AND FIELD WORK

,111111

At the townsite of Fort fleisoi-.; British Columbia,

begins an eight hundred and fifty mile route to the north by way

of the Fort Nelson, Liard, and Mackenzie Rivers along which

supplies and equipment can be moved by barge during the sumer

months. It is also possible to navigate up the Liord River by

barge to Hell Gates above whidh rapids and turbulent water make

further travel dangerous or impossible.

Equipment can be moved by land only during the winter

months when the many tractor trails and seismic roads are suffi-

ciently frozen to support heavy weights.

Field work was con:need during the early part of June,

1959. The first base camp was established at Nelson Forks where

supplies had previously been cached by barge. Subsequent base

camps were established on the Liard River at the abandoned Toad

aiver Ul well site (see Frontispiece), and lastly at Fantasque

Lake in the Yukon. These three base camps wore 70, 90, and 120

air miles from Fort Nelson, respectively. Numerous two-man "fly"

camps were sot out from base camp in order to obtain stratigraphic

information. Gasoline caches were made by barge at Uolson Forks,

at Fort Liard, and at Nahanni Butte.

A Beaver De Havilland float-equipped aircraft was

chartered from Gateway Aviation, Edmonton, Alberta. This plane

was used for geological reconnaissance flights over the area, camp

movus, gasoline caching, and weekly supply service from Fort Nelsen.
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A Bell Model G-2 helicopter was chartered from Foothills

Aviation, Calgary, Alberta. This craft was used in daily sot-outs

of two geologists, movement of fly-eamps, and for detailed structural

mapping including numerous stops for examination of the outcreps and

their altitudes.

A 35-foot boat powered by a 35 H.P. outboard motor was

used for traverses on the Liard and Toad Rivers. The Beaver River

was traversed by canoe downstream from approximately Latitude 126".

Except for a short portage south of Fantasque Lake, this river is

navigable for over sixty miles, although low water conditions in

July made the trip hazardous*

Operations ceased in the area near the middle of August

when the entire party moved north to Little Doctor Lake on the

Nahanni Range, N.M., for further work in that area.

A goodly portion of the area north and northeast of

Fantasque Lake is after Douglas (lc59), as time did not permit a

detailed examination of this area. This portion of the map area

was checked in the office from air photographs, however.

AC 101CWILITGEHENT S

The author wishes to express his sincere thanks to all

members of the field party, which included as geologists, Pim Linckens,

Ulrich Wiesner, Jack Fotheringham, and Reg Griffiths; to Harry Lawrence,

cook, and to Al Davis, cook's helper; to Doug Rae and Bill McKinnon,

pilot and engineer of the Beaver; and to Frank Croomees and Roy

Orcherton, pilot and enginoer of the helicOpter. Without the full



cooperation of everyone concerned, it mould have been impossible to

complete the area mapped in this report.

Thanks are also extended to Mr. Homer Johnston who super-

vised and planned the operation, spent several days in the field and

by his constructive criticism, contributed much to the completion of

this report.

Dr. C. R. Stelck and Dr. P. S. Warren of the University of

Alberta made all identification of fossils submitted from the field.

PHYSICAL FEATURES

The physiographic subdivisions (Figure 2), as outlined by

Bostock (1943), are used in this report with only minor changes*

The Interior Plains constitutes the eastern one-third

of the map area. lhis in turn may be subdivided into two parts

As suggested by Henderson (1V50). To the east, is a lan-lying

area, poorly drained by meandering streams. Heavy forest growth

is comvon except locally where large muskeg areas limit the growth

of trees. Outcrops are rare, as most of the area is covered by a

thick mantle of glacial drift. The western part ef the Interior

Plains is characterized in this area by a relatively high plateau

composed of gently dipping Cretaceous strata. Locally, relief is

in excess of three thousand feet and steep scarp faces are common.

The Hooky Mountain Foothills consists of a northwest

trending belt, twenty miles wide, of tightly folded and locally

faulted, predominantly Triassic strata (Figura 3). The eastern

boundary coincides with the first zone of closely folded strata

'7



west of the Interior Plains. The western boundary is less distinct.

In the Summit Lake area, it may be placed at the eastern edge of the

first, faulted, mountain-forming Paleozoic carbonates. This boundary,

extended north from Summit Lake, lies east of other mountain-forming

Paleozoic strata brought to the surface in the cores of large anti-

clines. Thus, only an arbitrary division can be drawn between the

Rocky Mountains and the Rocky Mountain Foothills in the Liard River

area.

The Liard Plateau continues the habit of the Rocky Mountain

Foothills in following the first distinct folds west of the Interior

Plains. The plateau is broken by broad hills, wide valleys, and in

the east, by rugged, anticlinal mountain ridges.

Bostock (1948, p. 14) states that the Liard Plateau is

wholly underlain by sedimentary rocks in contrast with the Hyland

Plateau which contains several intrusions. This summer, however,

at least six small basic intrusions and one syenitic body were found

in the vicinity of Beaver River, on the Liard Plateau.



STRATIGRAPHY

goatLabilmat

The area is underlain by sedimontary rocks, locally

in excess of lb,CCO feet. These rocks range in ago from pre-

Upper Ordovician to Upper Cretaceous. The Mesozoic formations

consist predominantly of clastics with only rare carbonates.

The Paleozoic formations, on the other hand, are dominantly

carbonates and minor shales. Sandstones are comron, howover,

in the Carboniferous and as a thin occurrence in the Upper

Ordovician.

The following Table of Foraaticns summarizes the

lithoiogy and thickness of the stratigraphic sequence found

in tha LiariteRiver areas

TABLE OF FGVMATIUNS

Period or
fpoch

Group, formation
(map-unit)

Lithology

.01111

Thickness
(feet)

Upper
Cretaceous

Wapiti (23)

&NW

Sandstono, coal.
4-

-1,COO

Kotaneeleu
(27)

Concretionary shale,
sandstone, coal. - 500

Fort Nelson
(26)

Conglomerate, sandstone,
shale. 600

...continued



: 0-

Era
Period or

Epoch

0--
Group) formation

(map-unit) Lithology
Thickness

(feet)

111

..

Lower
Cretaceous

Sikanni
(24)

Concretionary shale,
sandstone 600

SI

to
Le

g
6
V
St

Lepine
(22)

-_-___-_.
Scatter

(21)

Dark grey, concretionary
shale.

+
-1,600

Fine grained, glauconitic
sandstone 600 - 900

Garbutt
(20)

Dark grey, concretionary
shale., 900

Triassic

cr,
.4
...0

al
L11

ci"

Liard
(18)

Medium to coarse grained
sandstone, minor silt-
stone and limestone. 0 - 1,80C

>
1-4

G
5
U
H

I-4

CZ
1"d

Toad
(17)

Fine grained sandstone,
siltstone, mudstone and
minor limestone. 0 - 29500

Grayling
(16)

Shale, siltstone,
mudstone, minor sandstone. +-1,500

a

N

3

ot

o4

Permian Fantasque
(15)

Chert and silicified
shale. 0 - 150

Carbonifer-
ous and
Permian

Mattson
(14 and I4a)

Sandstone, minor shale
and limestone;
(14a - basal resistant
sandstone in the western
part of map-area). 1,500-3900(

Ltississip-
pian

Map-unit 13 Grey, fossiliforous
limestone. 11,200

Map-unit 12
(Kindle)

--

Dark grey, arensceous
1 ime stone p si lt stone ,
shale.

I 500

rlianf f"
(11)

Dark grey shale and
interbedded limestone
(on cross-section only)

+-1,000
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4414t.i.V AM&MUVA.....1.4 Ne.=4.y..

Period or
Era Epoch

Group, formation
(map-unit) Llthology

Thickness
(feet)

o

N

EU

.-4

a,

Mississippian
and Upper
Devonian

Map-unit 10 Dark bluish-grey shale. 1,000-1,900

Middle
Devonian

s..

oz
La9
c)

e
.c

i

CD

El
Ica

w
;....1

1-4

:E

Nahanni

(8)

Grey, very fine grained
limestone; dolomite and
crinoidal limestone.

t apo

Map-Unit 7
(Bear Rock-
Lone Mtn.)

Dark and light grey
banded dolomite. 1,200-3,000

Middle
Silurian

Map-unit 6 Dark grey, graptolitio
shale.

4-

- 500

Upper
Ordovician

Map-unit 5 Dolomitic sandstone and
arenaceous dolomite. 0 - 500

Map-unit 4
(Muncho-
McConnell)

Banded dolomite. 300 - 1,700

Map-unit 3
(Mt. Kindle)

Reefoidal dolomite. 300 - 800

pre-Upper
Ordovician

Map-units
(2 and 2a)

Red argillite, sandstone,
and shale (2); white
sandstone (2a).

4.

-1,000

Map-unit 1 Quartzite. +- SOO



CRLTACEOUS
(Map-pits 20- 23)

The Cretaceous formations underlie a large portion of

the Liard River area. The Cretaceous nomenclature used in the

Liard River area was proposed for the most part by Kindle (1944).

Type sections occur on, or adjacent to, the Liard River in the

viclnity of the Scatter River. The only modifications of Kindle's

nomenclature in this report is the restriction of the Lepine

formation in areas where the Sikanni formation can be recognized

and the addition of SU feet of strata to tho Fort Nelson formation,

which Were formerly included within the Lepine formation. The

Cretaceous correlation and facies changes within the Liard River

area are illustrated in rigure 3 and the measured sections art

shown on Plate (in pocket).

Aapiti Formation (Map-unit 23)

Locally on hills In the Liard River Valley, Hoge (1945)

described ncn-eaarino beds of sandstone and shale with Interbedded,

low-grade coal overlying the Kotaneelee formation. The sandstones

are massive to thin-bedded, banded, medium to coarse grained, buff

weathering, feldspathic and calcareous.

No fossils were found in these beds but from their

stratigraphic position, they aro correlated, with tho Wapiti forma-

tion of Upper Cretaceous age (Douglas, 1959).

This unit was not examined during the present study.
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Kotaneelee Formation (Ma -unit 27)

The termo Kotaneelee formation, was first used by Hage

(1945, p. 21) for 50L-1,00U feet of marine shale, sandstone, and

locally rare conglomerate overlying the Fort Uelson formation. No

type section was designated, although partial sections were examined

by Rage on the Petitot and Kotaneelee Rivers.

Areal Extqnt

Vdthin the map areal the Kotaneelev formation is confined

to the trough of the Liard syncline. Outcrops, although sparse, were

examined on the Wnedin River and at one locality on the Liard River.

Otholoov.

Hage (1945, p. 21) desclities the Kotaneelee formation as

an "assemblage of marine strata" composed of "dark grey shale, some

thin sandstone bedst and a bad of conglomerate", somewhat in excess

of five hundred feot.

On the Dunedin River, the writer found non-marine beds near

the base of the formation. A brief description of this ahort section

is as follows:

Top of suction overlain by glacial drift Unit Thickness

Shale, non-calcareous, silvery-grey,
abundant long ironstone concretions 10

Conglomerate, hard, well rounded sandstone
pebbles up to three inches in diameter
lying with erosional contact on the
underlying unit 0.1 - 0.2

Sandstone, light grey, fine grained, massive,
porous, forms resistant unit, contains
some white kaolinitic (?) grains 12



Sandstone, light grev, very fino grained,
abundant iron staining

Shale, non-calcareous, black, breaks Into
small, smooth chips

Coal, massive, stands out as small ledge,
sharp upper contact

Notes The twelve-foot sandstone unit Chins to approximately
four feet one mile south along the river while the
four-foot coal seam remains unchanged.

3

3.5

4.0

Shale or mudstone, grey 4.5

Goal, black, thin-bedded, breaks along bedding
planes and joint faces. More resistant
than adjacent shales

Shale or mudstone, as above. ******** ........

Interbedded medium light grey to brownish-grey,
finely laminated sandstone and dark grey,
silty shale

Interval to river level covered by shaly talus
containing traces of yellow, vitreous
nmber. There is, however, approximately
jbay fall of gray shale to the contact
with the underlying Fort Nelson formation.

1.0

5.0

6.0

Near the mouth of the Dunedin River, the Kotaneelee

formation, where exposed, consists of a soft, medium grey, micaceous

shale or mudstone, locally containing ironstone concretions.

Nage (1945) describes a five-foot pebble-conglomerate with

a sandy shale matrix one hundred and forty feet above the base of the

formation of the Petltot River.

Soft grey Shale similar to that exposed near the mouth of

the Dunedin River overlie this conglomerate on the Petitot River.

Linckens observed a similar pebble-conglomerate within the Kotaneelee

formation on a small creek northeast of Nelson Forks (Figure 6). The

interval near the base of the formation, equivalent to the non-marine



Finure 4

Pebble conglomerate and cc_nglomeratic sandstone with a

green shaly matrix occuring in the Kotaneelee formation

on a small creek east of Nelson Forks. The hammer rests

near the base of the cunqlomerate unit. This conglo-

merate is overlain by 2G feet of shale and approximately

10 feet of cliff-forming sandstone.



beds observed by the writer on the Dunedin River, is covercd on the

Petitot River.

Age and Cquelation

No fossils were found in the lower one hundred and forty

feet of the formation below the conglomerate bed described by Hage.

It is suggested that those basal beds, however, may be equivalent

to part of the Bighorn and Blackstone formations of the Alberta

Foothills. A spore analysis of the coal found on the Dunedin Rivor

could possibly substantiate such a correlation.

A Emhilli ventkisum fauna collected by McLearn in

northeastern British Columbia indicates a correlation of the Kotaneelee

formation with the uppermost part of the Blackstone formation and the

lower part of the Wapiabi formation of the Alberta group. An Inoceramus

fauna found in the upper part of the Kotaneelee formation correlates with

the upper part of the Wapiabi formation (McLearn and Kindle, 1c59,

p. 106).

E21.t...10.1.911..ESX

Dstinigiim

The Fort Nelson formation was named by Kindle (1944)

for a sequence of more than six hundred feet of massive to thick-

bedded conglomerate, sandstone and minor interbedded shale. Kindle

designated the "scarp along the east side of Liard River" as the

type section (Figure 5 and 6). This scarp extends from near the

mouth of the Toad River to four miles west of the Beaver River, a

distance of nearly twenty-five miles. A section measured and



Figure 5

Lower part of the type Fort Nelson formation,
opposite the mouth of Scatter River where it
consists of alternating sandstone and shale.

Figure 6

Upper part of the Fort Nelson formation showing the
massive, resistant, scarp-forming conglomerate beds.



described by Kindle (i(;44) along this scarp opposite the mouth of

the Scatter River is hero taken as the typo section and Was re-

examined in part by Linckons and Griffiths.

Attal_Want

The Fort ;.elson formation is exposed in massive vertical

cliffs along the flanks of the Liard syncline (Figure 7). in

general, heavy tree growth occurs to the edge of these cliffs,

thus limiting exposure to the iwediate cliff face. The upper

part of the Fort Nelson formation Is exposed along narrow gorges

on the Dunedin River (Figure 9) for a distance pi 25 miles overlain

higher on the river banks by the Kotanoelne formation. The Fort

Nelson formation is also exposed on the Liard, Beaver, La Biche,

Kotanvolee and Fort Nelson Rivers where these rivers cut the flanks

of the Liard syncline. This syncline plunges north and the outcrop

pattern is lost beneath the glacial drift.

Litib.022.4/

The lower part of the Fort Nelson formation was examined

by Linckons and Griffiths at its type section on the scarp, opposite

the mouth of the Scatter River (Figure 5). The section begins six-

teen hundred feet above the river where it is underlain by shales

of the Lopine formation (Kindle, 1944, p. 14), or as used in this

report, by the sandstones and shales of the Sikanni formation (see

discussion of the Sikanni formation - this report). This section

56 described by Linckens and Griffiths is as follows:



Figure 7

West flank of Liard syncline from top of Fort Nelson
formation escarpment looking north. Second and lower
escarpment (Middle left) is the sandstone member of
the Sikanni formation.

Figure 8

A bedding plane of the Fort Nelson conglomerate.
Black chert and quartz pebbles predominate,
averagin9 one inch in diameter.

10
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Ficure 9

Resistant beds cf the Fort Nelson formation forms

a falls on the Dunedin River. The tree covered

banks are underlain by the Kotaneelee formation.



Overlying the soction described below Is 300 feet of conglomerate

measured by altimeter and described by Kindle as "conglomerate;

clean, well washed beds".

Shale, silty, grey, contains carbonaceous
and micaceous laminae; rare plant

remains

Conglomerate; pebbles mainly chert ranging
in size from 1,(2 inch to 2 inches;
appears quite porous in part

Sandstone, quartaose, light grey, clean,

porous, contains weathered feldspar

grains

Sandstone, quartzose, light grey, clean,
porous, contains a few thin conglomeratic

beds

Unit Thickness

6

19

1

Shale, locally with thin-bedded sandstone
especially towards the top 37

Sandstone, light to medium grey, medium grained,

"salt and pepper", contains ironstone con-

cretiens and abundant carbonaceous and
argillaceous laminae, cliff-former . OOOO 414 10

Covered interval; probably consists of soft,

dark grey Shale 16

Sandstone, non-calcareous, light grey, coarse
to medium grained, unsorted and locally
conglomeratic, cross-bedded, carbonaceous
and argillaceous streaks common 14

Shale, dark brownish-grey, soft 3.5

Sandstone, argillaceous, carbonaceous, fine
grained, trace of amber .75

Mostly covered, but probably soft, brownish-
grey, micaceous shale 14

Sandstone, non-calcareous, light grey, "salt
and pepper", unsorted containing pebbles
and silt between the sand grains, crose-
bedded, cliff-former becoming harder
towards the top, worm burrows 5



Sandstone, non-calcareous, coarse grained,
friable 2

Covered intetval; probably black Shale and
friable sandstone

Coal

Sandstone, light to medium grey, coarse to
medium grained, "salt and pepper".

36

.9

5

Sandstone, "salt and pepper", coarse to
medium grained, friable with several
hard beds ranging from one inch to
one foot in thickness, conglomeratic
toward base with chert and ironstone
pebbles.... 61

Poorly exposed - consistc5 of very soft
shale and friable sandstone 36

Sandstone, slightly calcareous, light to
medium grey, fine grained, thin bedded,
laminated 21

Shale, dark grey, soft, a few one-foot
sandstone interbeds, poorly exposed 35

Sandstone, light grey, fine grained,
possibly kaolin in matrix 16

This sandstone forms a cliff characterized by
very large, round sandstone concretions
locally with concentric bedding.

64C1*

014.0111-EITIM11211

Covered interval; probably shale 20

Shale, dark grey, soft, blocky with ono
inch siltstone beds 119

Shale, dark grey, fissile, soft, less
frequent siltstono beds than above 21

*This thickness, including the added 30 feet of strata is llq feet
greater than that measured by Kindle.



The Fort Nelson formation is revised in this report to

include 10 feet of interbedded sandstone and shale previously

assigned to the Loping) formation by Kindle (1944). Although thn

Fort Nelson formatien is transitional with the underlying unit,

the lower contact is better placed at the base of these first

sandstone beds which overlie a predominantly shale unit, than it

was within the interbedded sandstoez; and shale unit.

The upper part of the Fort Neison formatien (Figure 6)

is a cliff-forming unit throe hundred and twenty-five feet thick

consisting of massive conglomerate interbedded with coarse grained

sandstone. One of the most detailed descriptions of this conglomerate

is that by Cook (MO) from the east flank of the Liard River syn-

clineo Quartz and black chert constitutes the predominant pebbles

(Figure ra), although Jasper, chalcedony, quartzite, grey and green

chart, and argillite pebbles are locally present. Granite and

granodiorite pebbles have been reported as rare occurrences by Cook

(lt-e50) and by McLearn and Kindle (1950, p. 100). On the whole, the

pebbles pre sub-rounded to rounded, but may range from sUb-angular

to well rounded.

Crogs-bedding ie common in most of the conglomerate and

conglomeratic sandstone beds. Lecally, vihere cross-bedding pre-

dominates, it is difficult to determine thn true bedding altitudes.

Lenses and pockets of coarse grained sandstone occurs eithin, and

intergrades laterally with, the coarser conglomerate.



AQ0 and_Cprrelation

To date, no diagnostic fossils have been reported from

tho Fort Nelson formation. Locally, however, fragmentary plant

fossils have been found that resemble fragments from tha Dunvegan

formation. From its stratigraphic position the Fort Nelson forma-

tion may be considered the northern correlative of the Upper

Cretaceous Dunvegan formation.

Henderson (1950, p. 36) considered the interbedded

sandetone and shale underlying the massive conglomerate to be the

equivalent to tho Sikanni frmation and thus correlates only the

upper conglomerate with the Dulivegan formation. This opinion is

not held by the present author who by tracing the akanni formation

north from the Alaska Highway, found it to occur mall within the

Lepine formation described by Kindle (1944).

Sikenni Formation (M42:Hals 24)

petinttion

The Sikanni formation was named by Hasp (1944) from the

type locality on the Sikanni Chief River, east of the Alaska Highway

bridge. At this locality, the Sikanni formation can be divided into

two members. The upper member is about 600 feet thick and is com-

posed predominantly of dark grey shale. The lower unit is 310 foot

thick; it is composed of four massive sandstone units, each separated

by interbedded Shale and siltstone.

ArfaLLIZIEDS.

Previously the Sikanni formation was not recognized in

the Liard River area (Kindle, 1944; Hage, 1945). However, by tracing
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this formation northward from where it is exposed noar Steamboat

Aountain on the Alaska Highway, the oxtersion of the formational

name to this locality was made possible.

The formation was briefly examined In tho northeast

cornor of the Tetsa River map-area, west of Eteamboat Mountain

by tho writer during the summer of 1959. The formation, here,

as at its type locality, cah be divided into two meaers

(Pelletier, 1'49). Tho lower member contains four "strong"

sandstone units which form an escarpment below the main Fort

Nelson (Dunvegan) formation escarpment. This lower sandstone

escarpr,ent (Figure 9) can easily bo traced to the north where

it occurs 650 foot below tho top of Kindless Lepine formation.

In following this escarpment northward, such a marked thinning

of the sandstone uas observed, that 3 miles north of the Scatter

River, the Sikanni formation no longer served as a mappable unit.

An arbitrary cut-off vas made at this point, with the strata

equivalent to the Sikanni formation included within map-unit 21,

which corresponds to the Lepine formation as originally described

by Kindle.

Douglas (1959, p. 15) indicates the Sikanni formation

to be present in the La fiche and Fort Liard map-areas, which lie

north of the British Columbia boundary. He divides the formation

into an upper shale member 700 to 1,500 feet thick and a lower

sandstone mamber, 135 to 350 feet thick. If these map-units are

actually equivalent to the Sikanni formation to the south, it must

be concluded that the sandstone member has lensed out south of



Figure 10

Lower (sandstone) member of the
Sikanni formation on Ruthie Creek.



Liard River and has reappeared in the area to the northeast. It

is the writer's belief, however, that the "glauconitic sandstone"

of the Sikanni formation as mapped by Douglas is actually the

Scatter formation. This is based on two observationsi first,

the thinning of the Sikanni sandstono to thu north, and second,

the absence of glauconite in the laminated, "salt and pepper"

sandstone of thu Sikanni formation. Until there is conclusive

evidence to the contrary, therefore, the Sikanni formation is not

extended into the area around Fort Liard.

Otholoov

Scattered outcrops of the Sikanni formation were

examined on the Dunedin River where the lower member Is thin-

bedded, with fine laminations of "salt and pepper" type, fine

grained, non-calcareous sandstone.

Un Ruthie Greek, 8 miles south of the Scatter River,

a section of the scarp-forming lower member, measured by Linckens

and Griffiths, is as follows (see Figure 10)s

uvorlying beds not exposej.

Sandstone, non-calcareous, light grey,
"salt and pepper", thick-bedded,
cross,bedded, laminated, well
sorted, weathers light brown,
locally iron stained, locally

conglomeratic

Unit Thickness
EREI___

56

eevered interval 21

Sandstone, non-calcareous, light grey,
"salt and popper", medium bedded,

soft, brownish-grey shale inter-
bedded with the sandstone lc!



Mainly covered, rare shale exposure ...... 35

Sandstone, non-calcareous, light grey,
"salt and popper", medium to thick-
bedded, micaceous partings, cliff-
former

Interbedded sandstone and shale 4

0....10011101.111.1.41,

151

.gissinni_Eamagn

Covered interval 170

Sandstone, nen-calcareous, light grey, fine
to very fine grained, "salt and pepper",
thin to medium bedded at top, argilla-
ceous partings, some ironstone concretions
and carbonaceous material 11

Opposite the mouth of the Scatter River, a section

examined by Linckens and Griffiths indicates that tht, lower member

of the Sikanni formation has thinned to 43 feet. A brief descrip-

tion of this section is as follows)

Overlying beds - Fort Nelson formation.

Unit Thickness
in fee_t_

Covered interval, probably Shale. ..... 20

Shale, dark grey, soft, blocky with ono inch
siltstone beds

Shalv, dark grey, fissile, soft, 17.it.

frequent siltstone beds than above....

113

21

Shale', non-calcareous, dark grey, fissile,
contains bog iron and sulphur, a few
ironstono concretions 31

Siltstono or very fine grained sandstone... 10

Shalt., nun-calcareous, dark grey, fissile,
contains bog iron and sulphur, a few
ironstone concretions 311

)



i4satEr.-411-NDLIPLILESSIZAM

Sandstone, non-calcareous light grey,
fine grained, "salt and pepper"
laminated with micaceous and
argillaceous partings, ripple
marked, carbonaceous plant
fragments ** . OOOOO

Shale, non-calcareous, dark grey,
fissile, contains bog iron*
a few ironstone concretions

15

10

Sandstone, as above lq

Total thickness of Sikanni formation 611

Famatican

Shale, non-calcareous* dark grey, contains
bog iron and sulphur, a few ironstone
concretions.

The finely laminated, "salt and pepper-type" sandstone

is apparently characteristic of the lower mewber of the Sikanni

formation* in contrast to the highly glauconitic sandstone of the

Scatter formation.

Fossils collected by Linckens and Griffiths on Ruthie

Creek and identified by Dr. Warren and Dr. Stelck indicate an Upper

Albian or Cenomanian age. This places Map-unit 24 high within

the Fort St. John group and thus correlative with the Sikanni

formation at its type locality.
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Leolne Fmation (Man-vnit 22)

afinijit2n

Thu Lupine formation was named by Kindle (1944, p. 12)

for approxleately 2,000 foot of grey to black merino shale and

minor sandstone. No type section was designated. It may be

assumed, however, that the type section is opposite Lepine Crook

from which the formation derives its name, although a more complete

section is exposed opposite the mouth of tho Scatter River.

In the original definition, the Lupine formation included

ail the strata between the Scatter formation and the Fort Nelson

formation. In areas whore the Sikanni formation is recognized,

the Lupine formation (Map-unit 22a) is herein restricted to include

only Chose strata lying between the Scatter formation and the over-

lying Sikanni formation. In areas where the Sikanni formation does

not constitute a mappable unit, the Lepine formation (Map-unit 22)

includes all those strata as originally defined by Kindle*

Aval 6ntsual

The Lepine formation crops out in the northeastern part

of the map area, along the west limb of the Liard syncline. In the

southeastern part of the map-area where the underlying Scatter forma-

tion cannot be recognized, thu Lupine formation forms tho upper part

of the Buckinghorse formation.

tbizi,ociv,

Thu Lepine formation consists predominantly of dark grey

shale with only minor interbeds of sandstone and siltstone. Clay

ironstone concretions, commonly containing fossils, are characteristic

of the formation.



32

The follovAng section is one described by Kindle (1S44)

for the Lepine formation opposite the mouth of the Scatter River.

Adjacent to this described section art outlined the revisions as

used in this report.

102_0_,Igsagn

shale, dark, with rusty

Thickness
(feet)

Revised section

concretions 30

Sandstone, straw colored, with rusty

concretions 10

Shale, dark, with rusty
concretions 30

Sandstone, straw colored, with rusty Fort Nelson

concretions 10 Formation

*Shale, dark, friable, with rusty

concretions 110

*Shale, dark, firm, with concretions

*Shale, friable, grey, breaking in

thin flakes, with concretions 330 Upper Member

Sandstone and shale, with a few

concretions 10

-
Shale, friable, with rust-stained

concretions 15

Sandstone and shale in alternating
beds, with concretions... 4 Lower Vember

Lt.

Shale, soft, crumbly, mith concretions 10
-

Sandstone in 2 to 6-inch bands; with

thin shale partings 10

Shale, friable, with concretions 19

M4

Sandstone, impure, shaly, with
concretions

*The thickness of those three units measured by Linckens was 569 feet

compsred to Kindle's 530 feet.



;I

Shale, dark, with 1 to 2-inch rusty

argillite beds at 10 to 20-foot

intervals 160

Sandstone-and fine conglomerate... 1

Shale, dark, rust-flecked, crumbly, with

scattered iron-stained concretions Lepine Formation

and a few 1 to 2-inch beds of (restricted)

arc/Mite 120 Map-unit

**Shale, concealed beneath Liard River

and drift at mouth of Scatter River,

at 1east...0.. 340

Hovised total thickness of the

Lepine formation (Map-Unit 22) 1,644

Lus_nag_gazgititlan

Marine fossils collected by Kindle (1944) wore idontified

as late Lowor Cretaceous. These include gnatxoplitui cf. kLagi

jazuzgErita .ustattgaktz var., L. ALtuktptn 1.,A, and :121imeatlargi°

liardann.

It was suggestod by Kindle (1(44) that the Lepine formation

was equivalent in part to "the Sikanni formation in thil Sikenni Chiof

district south of rort nelson". This correlation was substanttated

by the present fiold work AS previously outlined.

**Kindle's lower 340-foot covered interval has been increased

to 660 feet by scaling the distance from an air photo

asuzming a constant dip of ten degrees to thu east.
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SgAttm_fanatl.2.12_(Man:Linil_21)

Definition

The Scatter formation was first used by Kindle (1944).

The type section is on the Sca ter River (Figure 11) one and one--

half miles west of its confluence with the Liard River.

Areal Extent

The Scatter formation can be recognized along a belt

extending from north of the Beaver River to approximately ten

miles south of the mouth of the Toad River. Frcm its tm section

on the Scatter River, the formation rises abruptly to the west to

form steep cliffs up to 1,C00 fect above the valley floor (Figure 13).

Immediately north of the Scatter River, the formation

forms its widest outcrop, a distance of more than ten miles. The

Scatter formation is also exposed to the northeast where it flanks

the Kotaneelee anticline and the Liard syncline.

Litholoqv

Essentially the Scatter formation consists of two sandstone

units separated by a middle shale unit (Figure 11 and 13). The

sandstone is quartzose, fine to very fine grained, greenish-grey,

finely cross-bedded and characteristically glauconitic.

Linckens and Griffiths measured and described a section

originally studied by Kindle, (there are several dissimilarities

in the character and thickness of units as presented in the two

descriptions):



Figure 11

Type Scatter formation, 14 miles west of the mouth of
the Scatter Rivor. The formation consists essentially
of an upper and lower sandstune unit and a middle shale
.unit. The scarp-forming Fort Nelson formation can be
seen on the upper rifffit.
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Ficiore .12

Scatter formation on the Liard River, south of the type

section looking north. The beds dip to the right crossing

the river to form the Scatter Riyer,.mopocline..

APR GO

Firmre 13

Scarp-forming Scatter formation along the Scatter,River.



D.P.1.97iP09n Thickpess

Sandstone and sbale. 100
K-2 Shale, black. 200
K-3 Sandstone ar.d shale. 250
K-4 Shale. 125
K-5 SP mistone.

750

1-1 Sandstone with mthor shale. 109
L-2 Shale, dark gray to black. 432
L-3 Sandstone and shale. 159
L-4 Sandstone, thick to medium bedded. 100
L-5 Sandstone, thin to medium bedded. _La

961

It ia readily apparent that Unit 1.-1 corresponds to

Unit K-1, L-2 to K-2, and a combine L-3 end L-4 to K-3. The major

differPnce here is the increased thickness of Unit I.-2 over Unit K-2.

The thickness as measured by Linckens and Griffiths compares more

favourably with the corresponding shale unit of the Scatter forma-

tion on the Toad River.

Below Units L-4 and K-3 much discrepancy arises, all of

which cannot be accounted f or by different methods of meaauring.

It is possible that part of the difficulty may be due to the non-

recognization of large blocks slumped front adjacent cliffs and which

appear to bo "in situ" at river level.

Another section of the Scatter formation was measured

by Witmer and Potheringharn an the Toad River, and stryaarized es

follows%
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Unit aaliagli2fl Thickness

-119111--

1 Shale, dark grey, fissile, soft, concretions. 200

2 Shale, dark bluish-grey to grey, chunky, hard
concretions. 360

3 Sandstone, medium grey, very fine graineJ,
glauconitic resistant. 57

4 Shale, dark bluish-grey, locally silty
concretions. 500

5 Sandstone, medium grey, very fine grained
to fine grained, cliff-former,
concretions. 50

Underlying beds not exposed.

Witmer and Fotheringham would place Unit 2 within the

Scatter formation, believing it to be lithologically more related

to the underlying units than to the overlying shale of the Lepine

formation. As a structural map unit, however, the formational

contact should be drawn at the top of Unit 3, a resistant sandstone

unit. This coincides with the contact at the type section, whore,

however, the overlying 660 feet is covered and thus possibly includes

the equivalent of Unit 2.

Age and QM:111AM

Fossils collected frcm the Scatter formation indicate

a late Lower Cretaceous age (KAndle, 1944). This fauna includes

IaMIXAMAA smne of which were collected on the Toad

River during the past sumcer. Othei fossils include CaNAE914001

I. AMINgt0111, And Bentant9901711 sP.



With the thinning of both the upper and lower sandstone

units, the Scatter formation no longer constitutes a mappable unit

and an arbitrary cut-off was made at a point 0 wiles south of the

mouth of the Tcad Rivnr. From this point southward, the Buckinghorse

formation is used for the stratigraphic interval of the combined

Garbutt, Scatter, and Lepine formations. Beds equivalent to the

Uatter formation are present ns a silty horizon within the

Bul:kinghorso formation south of the Alaska Highway (H. Johnston,

personal communication)0 This horizon also carries an ingssignag

cadottonsIs

COTbutt FotullaillEitar.01_2Qt )

Ponnittoo

The Garbutt formation, at Its type section on Garbutt

Creeks 14 miles south of the Scatter River, was first named and

.described by Kindle (1944). The Garbutt formation is underlain

In this area by Triassic beds, or, depending on the amount of pro-

Cretaceous erosion, by Paleozoic strata.

Areal yxual.

The Garbutt formation is preeerved in the troughs of

many of the synclines within the highly folded Triassic belt,

west of the Liard syncline. It Is also exposed along much of

the Scatter River gorge and to the north on the flanks of the

Beaver River Basin and the Kotaneelee anticline,

11113.21.20

Tho Garbutt formation consists predominantly of black

to dark grey, fissile shale, locally containing abundant ironstone

concretions.
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On tho Scatter River (Figure 16), tho Garbutt formation

is 900 foot thick, creasurod from the top of the Triassic Toad forma-

tion to the base of the Scatter forration. Tcwards the northern

part of the map-area, a quartzose, glaucenitic sandstone develops

about 150 feet above tha bat;e.

Aqa_usl couplatim

No fossils have been found in the Garbutt formation.

However, on the basis of lithology and stratigraphic position,

the Garbutt formation equates with the lower part of the Buckinghorse

formation of Lower Cretaceous ago. Thin beds of bentonite occurs in

the lower part of the formation at Mile 375 on the Alaska Highway.

It has been suggested that these beds correlate with similar bentonite

beds in the lower part of the Buckinghorse formation at its type

section.

Buckinghorse Formation (Map-unit 23)

- and -

.14atr.1.3.1.3.Amp....(Eitr...aall.....L

The Buckinghorse formation was first named by Hage (1944)

for 3,CO0 to 3,500 feet of dark grey marine shales on tha Bucking-

horse River. As previously mentioned, it is the equivalent of the

Garbutt, Scatter and Lepine formations in areas whore the Scatter

formation is not vappable. Within the map-area, it occurs, although

rarely exposed, in a bolt 4 to 10 miles wide on the west flank of the

Liard syncline, ovorlain by the Sikanni formation and underlain by

sandstone and siltstone of the Triassic.

East of the Liard syncline, the Buckinghorse and Sikanni

formations are mapped as undivided Fort St. John group (Map-unit 25).



Fioure 14

Siltstones of the Toad formation in the foreground on the
Scatter River overlain by shales of the Garbutt formation.
The hill in the background is capped by the Scatter
formation.



Triasic

ciammaLatittmlat

The Triassic strata form a continuous sequence of

predominantly clastic sediments, divisible into three units,

whiGh are in ascending order, the Grayling, Toad and Liard

formations. Transitional Lontacts make it difficult to reognize

exact boundaries under the best of conditions. Considering the

high percentage of tree cover in the area and the scarcity of

outcrop, formational boundaries can only be placed arbitrarily.

A pre-Lower Cretaceous unconformity has progressively

stripped the higher formations to the east and northeast. Thus

on the west side of the Toad anticline, the Liard formation

underlies the Cretaceous, whereas on the east flank (Figure 12),

the Liard formation is absent and the Toad formation underlies

the Cretaceous.

Immediately west of the Toad River anticline, a

northwest trending belt of Triassic sediments is present.

This belt is characterized by tightly folded, doubly plunging

anticlines and synclines easily detected on a detailed topo-

'graphic map by a northwest alignment of hills and valleys,

(Figure 15). Locally, black Cretaceous shale crops out in

the synclines. This belt extends to the Liard River where it

forms the rapids of Hell and Hades Gates (Figure 16). Similarly

folded strata extends twelve miles north of the river where there

occurs a general change in alignment from northwest to north.

Another belt of Triassic strata ocrAirs west of this highly folded

belt, 1.e., between Sulphur Crock and Eight Mile Creek. Topo-
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Figure 15

View of the Rocky Mountain Foothills belt looking south.
The plunging anticline on the right is capped by the Liard
formation. A minor east-dipping fault in the center of
the picture thrusts the Triassic Toad formation over the
Cretaceous Garbutt formation.

Figure 16

Steeply-dipping beds of the Liard formation on the Liard
River. Covered interval on the right is underlain by the
Cretaceous Garbutt formation.
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graphically, this belt differs from the one to the east, in that,

the elongated hills representing anticlines, so characteristic to

tho oast, are lacking here. In contrast, the mountains are oore

rugged with peaks over 6,50G foot in elevation. Th k! throe-fold

formational division ef Uhl? Triassic Is more difficult to apply

in this westerly bolt and as it was not studied in detail, it is

indicated on thu map as "Triassic undivided" or Map-unit 19.

Faunal evidence indicates the presence of strata younger than

the Liard formation at its type locality,

rt is not the purisose of this report to pubdivido

stratigraphically and faunally the Triassic strata of northeastern

British Columbia. Differing opinions arose during the summer as to

where formational boundaries should he placed lithologically, and

in many cases, the contact did not agree with faunal evidence.

A more detailed study of the Triassic formations is necessary,

combining a careful fauna collection and lithologic description.

Two such projects along this lino are now being carried out by the

Geological Survuy of Canada with field work by Fellotior, and a

Triassic fossil monograph by McLoarn.

Oard_yormelo (ati.z.prilt

RELI

The buds of the Liard formation were first included by

Kindle (1944) in the Toad forwation. Later In an appondix to a

paper by McLearn (1941)4 e designatad tho higher, massive arenaceous

beds as tho Liard formation, restricting the Toad formation to tha



Finure

Massive pale bruln weathering cliffs of
tho Liard fcrTation underlain hy dark
grey weathering Tc.ad fcrrlation.



Figure 0

Close-up view of Liard formation as shown
in Figure 13# Note transitional contact
between the predominant sandstone of the
Liard formation and the underlying dark-
colored siltstone of the Toad formation.



underlying, more thin-bedd d and finer grained strata. The type

section is near Hell Gate on the Liard River.

Areal Extent

The Liard formation, being a resistant unit, caps the

anticlinal hills of the highly folded Triassic belt (Figure 15

and 17). Due to post-Triassic erosion, the formation is absent

on the east flank,of the Toad River anticline. Because of heavy

tree cover, it is generally impossible to place the exact erosional

edge of the formation.

Litholoqx

The Liard formation has been described by Kindle and

McLearn (1949) as 600 feet of predominantly thick-bedded to massive,

grey to brown, calcareous sandstone, locally interbedded with lime.,

stone and shale. It is characteristically greyish-brown to brown

weathering in contrast to the dark grey to black weathering Toad

formation (Figure 17). The characteristic weathering, combined

with the coarser grained, more resistant sandstones of thy Liard

formation as compared to the Toad formation, makes the Liard forma-

tion a suitable map-unit in the foothills of this area.

The Liard formation thickens rapidly towards the west,

as the result of eastward truncation by a post-Triassic unconformity

and by possible facies changes occurring between the Liard and under-

lying Toad formation. The thickest section occurs in the southwest

part of the map arca (Lat. 59° 05', Long. 125° 201) where 1,300 feet

was measured. This section includes beds younger than the type

Liard formation, possibly equivalent to the '13ray beds", or even

the Pardonet formation (T. Toner, personal communication).



Figure .19

These rounded, calcareous concretions for a

distinctive horizon within the Liard formation.
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Rounded, calcareous concretions (Figure 19) occur within

the Liard formation, ranging from one inch to more than six inches

in diameter. Previous work by Pelletier (1959) and the writer in

the Tetsa River area indicate this concretionary zone to be wide-

spread in the Liard formation.

Age and Correlation

Thu "Nathorstites" fauna ranges throughout the Liard

formation at its type locality. On this basis, Kindle tentatively

places thu Liard formation as late Middle Triassic.

Ic9 Fcrmatlen

plefinition

Ihe Toad formation was named by Kindle (1944) and re-

defined by him in 1946. Thi type section is on the Liard Rivcr

near the mouth of the Tead River on the east flank of the Toad

anticline, where 1% is about 800 fnet thick. A more complete

section is present 8 miles west, on the Liard River.

The Toad formation is present throughout the Foothills

Bolt where it is overlain by the Liard formation. In the tightly

folded area, the Toad formation commonly only crops out in the core

of anticlines where they have been cut by antecedent streams.

In areas of broad uplift and where the Liard formation has been

removed by erosion, the Toad formation tends to foster tree growth

resulting in little or no outcrop.

LIthologv

Ihe Tcad formation oonsists predominantly of dark grey

to blak, calcar_ous siltstone interbedded dark grey shale and



locally miner argillaceous sandstone and argillacoous limestono.

Tho contacts with the underlying Grayling formation and

overlying Liard formation aro gradational and duo to facies changes

may Shift either stratigraphically higher or lower within the

section.

At the type section, tho Toad formation is only 300 feet

thick, although here, the uppe:e part has boon removed below the

unconformity. Fight miles to the west, Kindle reports the Toad

formation to be 1,900 feet thick. The thickest observed section

occurs on a high mountain south of the Liard Rivur (Lat. 59'-' 05',

Long, 125' 20'), where more than 2,200 feet W45 measured by Linckens

and Griffiths (Figure 21). At this locality, the upper contact was

arbitrarily placed where the sandstone bocomes predominant over the

underlying siltstone and shale.

On the Crow River, twenty feet of thin to medium bedded,

grey, fine grained sandstone is prosont at the base of the Toad

formation. Ripple marks and small scale cross-bedding are common.

lhis sandstone is muoh "cleaner" than any seen in the Triassic

elsewhere In the Liard River area. Had it not been for the presence

of the poorly preserved ammonites "cf. IstaaaUxijaa", this sandstone

tould have been included In the Grayling formation.

Ago ImaSauslatlen

The Toad formation ranges in age from Lower Triassic

represented by a Aussaltu fauna, to Middle Triassic represented

by a Pontohltak:Gvmnatocyras fauna,

Fossils collected by Pelletier and the writer in 1959,

and by Wiesner and Fotheringham during the past season, may represent



Figure 20

Thick Triassic section on high mountain
in southwestern part of map-area. Note
lack of distinctive break between Toad
and Liard formations as indicated in
Figures 13 and 14.

Figure 21

Predominantly siltstone and sandstone with
alternating resistant and recessive units.

F

Top of mountain shown in Figure 20
capped by beds possibly younger than
the type Liard formation.



a hitherto unknown fauna zone. Until McLearn's monograph is

published, a detailed fauna correlation will not be attempted,

yLZiQifl
Una. Ilea

The Grayling formation was proposed by Kindle (1944)

for the Triassic shales underlying the Toad formation cn the

Grayling River.

jVcont
The Grayling formation Is rarely expopod in the Foothills

belt. North of the Liard River, however, the Grayling formation

forms a wide outcrop area, duo in part, to the erosion of the

Liard and Toad formations, and In part, to a broad uplift in con-

trast to the tight folding in the south. Much of this area is

highly forested, and it is possible that locally, the Toad forma-

tion may be present, although only the Grayling formation in shown

on the map.

The Grayling formation thins northward due to erosion.

Tho most northern occurrence is uncertain but it probably extends

to the Beaver River.

litholooy

The Grayling formation consists predominantly of shale,

calcareous in part, medium grey to brownish-grey in color. In

general, the Grayling formation weathers a brownish-grey in contrast

to the dark grey to black weathering of the Toad formation.

Thin (1 to 3 inches) interbeds of hard sandstone are

common. A c haracteristic ?eature of these sandstone beds are thu
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abundance of "lobate rill marks° (Shrock, 1943, p. 131, Figure 92)

on tho undersurface of individual beds. Similar bedding structures

are well illustrated by Pettijohn (1967, Plate 34). These "sYlatulate

or lingual-shaped rill marks" are essentially the down -,P1 protrusion

of the sandatone beds into the underlying mudstone. The consistency

of orientation and lineation certainly auggest current origin. Shrock

ascribes these structures to thu "ebbing tid31 currents or retreating

storm waves", whereas, Pettijohn favors as origin, the abrasive

actions of turbidity currents. If the latter view is correct, a

systematic mapping of these structures and associated small scale

cross-bedding could ultimately lead to a paleocurrent system depicting

the direction of the source area.

aft_and_Qucaldian

Fossils are rare in the Grayling formation, however, the

presence of Clarais 111w:A collected by Kindle places the formation

as Lower Triassic.

EALUMAg

The format used in describing the Mesozoic formations

will not be followed for the Paleozoic strata because there Is loss

certainty as to the age and correlation of the individual map-units

cowpared to that of the Mesozoic map-units. Instead, each unit or

formation (when named) will be discussed under a general heading.

Uo now formational names are proposed in this report.

The proposal of eech name ID a matter to be handled by the

Geological survey of Canada, or by private companies only when

followed by publication in 4 recognized journal following approval
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by a stratigraphic names committeo. Because of the foregoing, each

individual stratigraphic unit is assigned a numbor tu reduce con-

fusion and uncertainty with respect to correlation with lormal

stratigraphic units in outside areas.

Only one complete section of Paleozoic carbonates

(Figure 23) was mensured in the Jrea. Other partial sections are

correlated to this section using it as a standard.

garksmallma jind...Eitrakin

PADRalliAllEga

Carboniferous and Permian strata were first reported

in the Liard River area by McConnell (1891). Kindle (1944) found

Permian and Carboniferous fossils at Mount Merin., north of thu

Beaver Rivur. To the south, Williams (n44) described Mississippian

and younger Paleozoic strata on the Alaska Highway in the vicinity

of Mile 332. No formational namos were proposed for the strata at

any of these localities.

Laudon and Chronic (1947, 1949) applied the name Kindle*

formation for all of the Mississippian and younger Paleozoic strata

occurring along the Alaska Highway between Mile 330 and Mile 430.

The Kindle formation was later restricted by Sutherland (1958) to

exclude a chart unit averaging 150 feet in thickness at the top of

the succession. This chert unit remained unnamed by Sutherland.

Patten (1953) doscribed a section of Mississippian and

younger Paleozoic rocks southwest of Uahanni Butte, at Jackfish Gap.

He proposed the name Mattson formation for this thick sequence which

consist predominantly of sandstone and locally, limestone and shale.

*Not to be cunfused with the Mount Kindle formation
(Upper Ordovician) of the Franklin Mountains.
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goratfiliir

Ficure 23

View looking northwest alone the east-dipping Paleozoic
carbonates brought to the surface by the West Grayling

fault. The grassy interval in the foreground is under-
lain by the black shales of Map-unit 10. These are

underlain by the limestones of the Nahanni formation
(8) and the dolomites of Map-unit 7. The ridge in the

backcruund is formed by Map-unit 4. The reefoidal dolo-

mites of Map-unit 3 and the quartzites of Map-unit 1

cannot be seen in this pictire.

r,-
(1- .)
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Spores collected in a coal bed a few hundred feet from the base of

the formation were identified by Chester (Upper Mississippian). The

writer, during the summer of 1953, had the opportunity to examine

several sections of the Mattson formation in this area. Fossils,

collected from the Mattson formation during that year and identified

by Harker (personal communication) of the Geological Survey, range

from Upper Mississippian, through the Pennsylvanian to the Permian.

Underlying the Mattson formation at its type locality,

there occurs, in descending order, an alternating limestone-shale

unit, a predominantfy shale unit, and a platy, argillaceous

sandstone unit, which are to be named by Harker (1c59, in print)

the Flett, Clausen and Ychin formations, respectively. These three

formations correspond to Patten's map-units 3, 2 and 1 respectively.

The Yohin formation and the lower part of the Clausen formation are

assigned to the late Devonian, and the Flett, together with the

upper part of the Clausen formation, to the Mississippian.

Figure 24 illustrates the correlation between the section

at Jackfish Gap after Patten and Harker and a composite subsurface

section in the Fort St. John - Peace River area. These two sections

aro approximately 350 miles apart.

Milp-Uilit 15 (EanIAAVILIMA1/911)

Locally, overlying the Mattson formation, is a unit

consisting of medium bedded, laminated light and dark grey chert

and interbedda4 silicified Shale. On the La Biche River on the

western flank of the La !Ache Range, the chart is overlain by

fine grained, grey, mottled sandstone and shale:, These two unite
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constitute the Fantasque formation (Harker, 1959). Un the southern

part of the Liard and La Biehe Ranges, only tho chert is present.

To the west, tho unit is thin, non-resistant, consisting predominantly

of silicified shale and for mapping purposes is included within map-

unit 14. On the northern part of the Lierd and La fiche Ranges the

formation is missing, and the underlying Mattson formation is overlain

directly by Cretaceous shales.

such a distribution and relationship to adjacent formations

indicates that map-unit 15 overlies the Mattson formation unconformably

and in turn, is truncated by a post-Paleozoic unconformity.

The Mattson formation was named by Patton (1959) to include

3,734 feet of strata occurring at Jackfish Gap (Lat. 60° 53', Leng.

124" 10'). The formation is overlain by the Permian chart unit (Map-

unit 15), or where this is absent, by the Cretaceous.

In the western part of the Liard Rtver area, the formation

can be divided into two units, 14a and 14b. In areas where this

division is not made, the entire formation is indicated on the map

as Unit 14.

The lower map-unit (14a) directly overlies the dark grey

to black shales of map-unit 10. It consists of massive to thick-

bedded, fine to medium grained, light grey sandstone with minor

interbedded non-calcareous shale. This unit A)rms a distinctive,

resistant horizon and as such, can be traced over much of tho

western region. A detailed section of this unit was not measured,

but it is estimated to be in the order of 500 feet. Douglas (1()59)



assigned this unit (which in his report is Map-unit 4a) to the

Devonian, but the presence of a Mississippian fauna below the sand-

stone in tho Toad River #1 well definitely places it as Mississippian

or even younger.

Map-unit 14b which overlies the basal sandstone of Map-

unit I4a is less resistant than the underlying unit. The upper part

consists of very fine grained sandstone and siltstone alternating

with recessive shale intervals, and a lower unit, rarely exposed,

consists mainly of wsooty" shale and shely siltstone. Wissner and

Fotheringham measured 713 feet in the core of the West Scatter

anticline, of which the upper 20 feet, consisting of chart and silici-

fied shale, is equivalent to Map-unit 15. Upper Mississippian fossils

were collected near the top of Map-unit 14b at this locality.

Thu thickest section (4,512 foot) measured to date occurs

at Tika Creek, 32 miles due north of Fantasque Lake. The Mattson

formation thins to the west, and in the vicinity of Larsen Lake is

reduced to abomt 1,500 feet. The Mattson formation is also rapidly

bevelled. to the east, where in the Trout River map-area, the Lcwer

Cretaceous Iles directly on Upper Devonian strata (Douglas, 1959).

Mav-unkt 13

Map-unit 13 was not examined during the 1559 field season.

It crops out north of Fort Liard (Douglas, 1959) whore it consists of

medium grained, crinoidal limestone interbedded with dark grey, argil-

laceous limestone. These limestones apparently grade to shale to the

west where they are included as part of Map-unit 10. In the subsurface

to the east, map-unit 13 would be equivalent to the Mississippian

limestones underlying tho Stoddart group.



Figure 25

Calcareous Siltstones and shales of

Mississippian age near the mouth of
Eight Mile Creek, south of the map-

area.



Malo-Unit 12 (Kindle formation)

By tracing the broad, structural features from the Alaska

Highway at Summit Lake north to Toad River, Mississippian strata

have been traced by air photo studies into the southeastern part

of tht: map-area. Outcrops of the Mississippian belt, where it

crosses the Toad River, south of the map-area were ixamined by

Wissner and Fotheringham. The rocks consisted predominantly of

silty shala and very argillaceous and arenacocus limestone, (Figure

25) and resembles much ef the Triassic. These beds are equivalent

to the Kindle formation on the Alaska Highway (Sutherland, 1953)

and possibly represent in part, a faci..!s change of thø Mattson

formation to the north.

Mark-unit 11

Map-unit 11 is shown only on the cross-sections where

it lies betwien the "Exshaw formation" and the Mississippian

carbonates. In this respect, it would be equivalent to thH Banff

formation.

(Devonian and MississipoianlMao-unit 10

Map-unit 10 conslsts wainly of dark grey to black shale;

tho basal part, which ranvs from 100 to 300 feet thick, is hard,

platy to very thin bedded, locally with spotted yellow sulphurous

weathering. The upper part of Map-unit 10, also a dark grey

shale, is more fissile and upon woatherino has a dark bluish-grey

tinge. With increase of sarxIstone interbeds near the top, this

map-unit grades transiLlonally into the overlying map-unit 14a,

of thc Mattson formation. Tontaciaitf's are common near the base
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of Map-unit 10 on One Ten Crook, south of the map-area. Oin the

Deaver River, Igutualtsju are found at laast 300 foot above the

bast).

In the Toad River well, 815 foot above tha base of

Map-unit 10, a well preserved specimen of aslauulta indicates

a Mississippian (teramacian) ago. Abundant anaptychi* are present

100 foot above the base of this unit in the Toad River well. These

plates wero also obsorved In outcrop section 100-150 feet above the

base at Toad River hot springs and about 4C0 foot above tho base on

tho Deavor River* Stelck favors a Mississippian age for those

anaptychi, although this ago determination is not diagnostic.

From the foregoing, however, it is obvious that the

Mississippian-Devonian boundary occurs within the shale of Map-unit

10. This unit ranged in thickness from 990 feet to 1,425 feet in

outcrop section wmpared to an equivalent Interval of 1,90G feet

in the Toati River well. on the Plains to tho east, this pre-Upper

Miseissipplan/post-Middle Devonian interval is represented by more

than 5,500 feet of strata of which approximately 3,500 feet is Upper

Devonian, 1,200 feet is Xinderhookisn shales and 800 feet Vermacian

carbonates.

Such thickness relationships from east to west suggest

that the MissitsippianDevonlan boundary is represented by an uncoil-

formity along which much of the Upper Devonian is missing due to

erosion or non-deposition. This unconformity is discussed more fully

in a later section of this report.

*Ungle horny plate which forms the aperature covering of ammonites.



Map-unit 9

Map-unit 9 includes all the Paleozoic formations below

Map-unit 10 in the western part of the map-area where lack of out-

crops did not sufficiently warrant further divisions of the map-units.

Map-unit g

gap-unit 8 represents the first carbonate below the shale

of Map-unit 10. It is exposed along the west flank of tht. West

Grayling uplift, from the Grayling River to north of the Beaver

River.

On the Grayling River and for a few miles north, the

unit consists of medium bedded to massive, fine to micro-grained,

medium to dark grey limestone. On the Crow River, near the top of

the formation, there in 57' of coarse grained, crinoidal limestone,

underlain by 21' of porous, coarse grained dolomite. Much of the

remaining section on the Crow River consists of fine grained dolomite

and interbedded limestone. On the Beaver River, the unit is even

more highly dolomitizedo Common to both the limestone section on

the Grayling River and the dolomite section on the Beaver River are

the local abundance of small circular crinoid stems containing a

double axial canal.

Immediately east of Larson Lake, N.W.T., a coral fauna

(Wahlalme, WpAISSA and aligatohyllum) was collected at the

top of this unit. Warren and Stelck commented that "the environ-

mental fauna association and preservation indicated the proximity

to a reef". The unbroken condition of the delicate corallines

indicates that these fossils were, preserved "In situ".
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Figure 26

"Pinnacle-type" weathering of the top part of
the Nahanni formation (R) east of Larsen Lake.
The ridge in the background is composed of Map-
unit 4. The overlying Lone Mountain formation,
normally resistant, underlies the covered interval
between this ridae and the outcrops in the foreground.



It is noteworthy that Map-unit 8, where dolomitized,

is more porous than its limestene counterpart. In general, In

areas of low dip, and in particular, where tho unit is dolomitized,

the upper part tends to weather in "pinnacle-type" topography

readily distinguishable on air photographs and illustrated in

Figure 26.

Map-unit a Is correlated with 829 feet of limestone at

One-ton Creek on the Alaska Highway, there referred to as Unit D

of the "Ramparts formation"* by Laudon and Chronic (1949). This

unit equates with the interval 5,270 to 6,070 fent in the Toad

River kl wall and with the Nahanni formation on the Nahanni Range,

N.W.T.

Map-unit 7

Map-unit 7 consists of a thick.sequence of banded dolomites

undifferentiated in this report, believed to be equivalent to the

Bear Rock - Lone Mountain formations.

This unit is composed predominantly of light to dark grey,

fine to medium grained dolomite, locally interbedded with white,

micro-grained dolomite. The banded appearance of this unit is due

to alternations of light and dark grey weathering, medium to thick

bedded strata.

Fourteen miles north of the Graylinu River on the West

Grayling uplift, 2,962 feet of section was assigned to this unit

by Wiesner and Fotheringham.

*The "Ramparts formation" as used by Laudon and Chronic includes

the Nahanni, Boar Rock and Lone Mountain Tormations and an

underlying sandstone unit.
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MAnIlmnit,4

Underlying Map-unit 7 on the West Grayling uplift, a

separate unit was mapped; it is believed to be equivalent to the

"Muncho-McConnall" unit (Maley, IC50, Laudon and Chronic, 1949)

on the Alaska Highway.

This unit consists easentially of alternating light and

dark grey, very fine to medium grained dolomite. Tho upper and

lower parte weather to r distinct buff color, whereas the thicker

middle part is netebly banded light and dark grey weathering.

Although Laudon and Chronic (l949) tentatively assigned

the "Muocho-McConnell" unit to the Devonian, it may possibly be

UPper Ordovician represeting 4 facies of the underlying fossil"-

ferous dolomite of map-unit 3.

mitp-urIkt 2

Underlying the dolomite of Map-unit 4, there occurs a

porous, reefoidal unit, comcnly referred to as the lialysitee-

Favosites horizon". This unit on the West Grayling structure

consists of 5 to 20-foot massive beds of dark grey to black

weathering, biostromal, fossiliferous, porous dolomite alternating

with 5-foot beds of light grey weathering, non-fossiliferous dolo-

mite (Figure 27). The biostromal units are composed of abundant

recrystallized coral, alone, and stromatoporolds.

Lithologically similar beds occur along the Alaska

Highway and are there referred to as the "Homing formation"

(Laudon and Chronic, 1949). irni1ar bods are also present at
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Figure 27

Dark grey to black weathering biostromal
dolomite alternates with light grey weathering
non-fossiliferous dolomite of Map-unit 3.

0 '7



Redfern Lake (H. Johnston, and to the north on the Nahanni

Range. North of tho Nahanni Range, In the: Fganklln t:r.,untains, this

unit is referred to as th..: Muunt

Gonerally, fos311a from this unit aro so hiljhly recrystallizod4

that it Is difficult to make positive identification. This unitl

although long thought to be Silurian, is now considered Upper Ordo-

vician in age, substantiated by a pairlo sp. collected this :season

on the Weat GrOling uplift. Ui+er Urdovician fossils have also been

found ia the aforementioned similar unit on Nahanni honge (R, 3.

IN. Douglas, personal co=unication).

Ea:1210_0011.0AU

Man=mnika

Directly underlying Map-unit 3 is a hard, white t
pinkish-grey quartzite (Figure 31). The rock 16 composod of.finu

to medium grained, rounded quartz grains complotoly indurated with

a quartz cwaent. A pebblc congic,merato was reported by Wissnur and

Fotharingham Nithin tha uppor 50 feet.

This quartzite Is exposed along the aiGt Grayling

uplift at two localities, oach about 3 miles long, separated by

a distance of CI sillos with no quartzite exposure. The non-continuity

of this hard rosistant uhit above the West Grayling fault suggests

oither irregular relief on tho surfaco of the quartzite, or an undulating

fault plane.

Ilia age of the quartzite im not known but it is believed

to be one of thu oldest rock units in the area, at leant pre-Upper

Ordovician.
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Figure 28

Hard, resistant quartzite (Map-unit 1) underlies
Map-unit 3 immediately abcve the West Grayling fault.
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A study of the stratigraphy along thu upper part of the

Beaver River shows different and additional units than were en-

countered on the West Grayling uplift, hence this area is discussed

separately.

It is impossible to measure a complete and unbroken

sequence from thu youngest to oldest strata, as at least ones and

possibly three, major faults transect the area. Other structural

complications occur immediately south of Beaver River in tho vicinity

of a syenitic intrusion. By measuring several partial sections along

the Beaver River and knowing the major structural trends to the south,

it was possible to construct a composite section of the stratigraphic

sequence in the area.

A brief summary of thy uompositii oection along thu

Beaver River is as followsi

Map-unit 13 (Mattson formation)

Sandstone, quartzose, light grey
to wodium brownish-grey, very
fine to medium grained.

(Upper part not sleasured)

Mai..-unit 10

5hale, dark grey tc black; fissile
becoming more platy near base
with sill:stone in lower la feet.

Map-unit 3

Dulomito, light qroy to medium and
dark grey' fine to medium grained,
locally coarao grained, good
interorystalline to vuggy porosity.

255' +

730' I

7



Map-unit 7

Dolomite, light and dark grey, fine
to medium grained, banded light
and dark grey weathering. 1,41' +

Base not exposed.

Remainder of section measured to the west, on a

different fault slice. The contact with, and interval between,

Map-unit 7 and Map-unit 6 was not observed.

Map-Unit 6

Siltstone and Shale, slightly dolomitic
clerk gray to black, very hard and
brittle, locally cherty, very thin
bedded, large calcareous concretions,
Monoortp±ms.

Map-unit 5

!;ardstone, white, very fine grained,
to silty matrix with "floating"
coarse quartt grains, much inter-
bedded dolomite in lower part.

Map-unit 4

500' +

530'

Dolomite, dark grey, fine to medium
grained, medium to thick bedded. 600'

Base not exposed.

Although much of Map-unit 10 is not exposodp the overall

interval has expanded by about 435 feet relative to sections to the

south. Abundant Leaticulitel were found up to 300 feet above tho

base overlain by shales containing sinaptychk.

Map-unit 3 (Nahanni formation) is completely dolomitizod

in this region. In outcrop, much of the soft, friable, granular

dolomite appears to contain a high proportion of gypsum or anhydrite,

however, speci=ons submitted to the Geological 'Jurvey of Cznada for



chemical analysis indicated no sulphate. Locally small crinvid

stems with a double axial canal are abundant as they aro in the

limestone to the south.

More than 1,400 feet of Bear Rock - Lone Mountain

equivalent was measured, although the base was not reached. The

lithology is similar to that in the south, characterized by the

typical light and dark grey woathering dolomite alternations.

The lower part of tha section was measured to the west

on a different fault slice. Unfortunately, tho contact and any

intervening strata between map-units 6 and 7 were not examined.

p-unit 6 consists essentially of black Shale or

siltstone carrying a Middle Silurian graptolite fauna. Large

calcareous concretions with a "mammary-typo" top aro common

locally (Figure 32 and 33).

Underlying tho Middle Silurian shale is an alternating

sandstone and arenaceous dolomite unit (5). A similar lithologic

unit is present on the Alaska Highway (Unit A of the "Ramparts"

formation by Laudon and Chronic, 1S.49, and at Redfern and Tuchodi

Lakes by Johnston, 1954). Map-unit 5 is also cerrelated with an

arenaceous unit on the Nahanni Range which contains an Upper

Ordovician fauna (R. J. W. Lauglas, personal communication).

This sandy unit on the Nahanni Range was formerly considered to

be basal Devonian.

Underlying Map-unit 6 on the Beaver River, there occurs

600 feet of grey, fine grained dolomite, containing LaigELLUI and

iwtjnocual of Upper Ordovician age. The bast) of this unit was

not exposed.
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Figure 29

"Mammillary-type" calcareous concretion in
black Middle Silurian shales (Map-unit 6).
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Cross-section of the same concretion
as above illustrating how the bedded

shales are bent around the concretion.



The "Halysitea-fnvositce" unit does not outcrop along

the Deavor RiwIr where traversed. It is beliovod that this coral-

line unit would underlie the Upper Ordovician dolomite of Map-unit 4,

if the correlation of this latter unit to thu south in correct.

South Of the Mintier River, along the western border of

the nap-areal a vequenco of red shales' argillites, and sandstones

crop eut. Thesp beds (Map-units 2 and 2a) aro correlated with

siralar rod beds in the vicinity of kuncho Lake, tentatively

aseigned to the Cambrian on tha bads of their lithology and

stratigraphic position (Laudon and Chronic, 1949). Lithologic

similarities to strata in Waterton National Park, however, suggests

a possible Boltian ago (Douglas, 19). These beds thin rapidly to

the east and probably overlie the quartzite of Map-unit 1.

Uuch of the western and northwestern part of the map-area

was not studied in sufficient detail to warrant further comments on

the stratigraphy or structure. North of the Beaver River, however,

much, if not all, of the Devonian carbonates grade to a shale, facies.

A similar facies change occurs west of the Nahanni Range. It is

possible that these two areas art part of the same shalP basin.

Thermal Hot Springs and
Thuir Geological Significance

Thermal hot springs aro coration in the area extending

from Toad River north to tho South Nahanni River, a distance of

more than 15U miles. Geologically these hot springs sro most

interesting, occurring always at, or near, the contact between the

Nahanni formation and the overlying shale of Map-unit 1U.



Recent calcareous tufa deposits (Figure 31) up to 30

feet thick, surround many of these sprin9s forming hot water

pools more than 10 feet deep and 50 feet in diameter.

Vihore these hot springs were observed, the bedrock

formations wore east dipping. The carbonates underlying the

shales of Map-unit 10 are exposed at the surface to the west.

It is believed that meteoric water percolates downward within

the carbonates increasing in temperatures in accordance with the

temperature gradient. Upon reaching thu iopervious shale units

the water tends to rise to the surface along this carbonate-shale

contact.

Any prospective structures east of this 1n f hot

springs require a synclinal aroa or regional downwirp sufficient

to exclude such meteoric waters.



Figure 31

Recent calcareous tufa deposit formed by
one of the many hot springs which occur
along the contact of Map-unit 9 and Map-
unit 10.
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Four miles south of the Deaver River in the northwestern

part of the map-area, a massive, reddish weathering syenitic body

is present (Figure 32). Tho syenito is composed predominantly of

reddish, coarse grained to very coarse grained, K-feldspar with

minor occurrences of.chlorite after biotite. Surrounding the

syenite are hard quartzites and finely banded, greenish argillites.

Small xenoliths (Figuro 33) of a bedded, metamorphosed

sandstone, measuring 3 to 4 inches wide and up to 4 feet long,

indicate the intrusive or assimilitary nature of this body.

The age relationship of the syenite with surrounding

sedimentary rocks is uncertain and would require detailed mapping

in the vicinity of the igneous body, of which time did not permit

during the past field season. It is believed, however, that thy

syenite is either Devonian or pre-Devonian.

A dark grey to dark greenish-grey volcanic rock crops

out in at least six localities in the northwestern part of the

map-area. The rock, volcanic in origin, has a micro-grained to

aphnnic matrix with phenocrysts of clear, euhedral, sanidine

feldspar and locally clusters of euhedral crystals of black

hornblende.
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Figure 32

Reddish weathering coarse grained syenite of Map-unit A.

^

amu.R. 33

Close-up of the above syenite showing a bedded xenolith.



Two of these bodies were studied in detail. Both wore

roughly circular in outline, approximately one-half mile in dia-

meter (Figure 34). A total of 350 joints were measured on those

two stocks. Two sets predominate, ono radial and ono concentric.

The concentric set forms steep, nearly vertical cliff faces

(Figure 35). The radial joints lvss pronsinant than the concentric

sett also dip steeply, commonly only 20 degrees from the vertical

(Figure 36). On a complete traverse of those bodies, both con-

centric and radial joints ware observed to change strike 360

degreos.

Une of the bodies examined probably intrudes Triassic

sediments although there are no immediate adjacent outcrops.

The other body intrudes map-unit 14a of the Mattson formation.

The sandstone of this unit immediately surrounding the body is

metamorphosed to a highly fractured quartzite.

Thu lack of boulders of Vap-unit B In nearby creeks

suggests that these 'plugs" wore not feeders to an extenaive

flow in the area, as suggested by some authors (Douglas, 1509, a).



fig21-2_34

Sterecscopic view of one of the basic volcanic intrusives.
This rounded "pluo" stands approximately 200 feet abcve the
surrounding map-unit 14a through which it intrudes.



Figure 35

Concentric joints steep

cliff face on a volcanic stock.

Figure 36

Poorly developed radial joints dip vertically

in center of pictore and cut the concentric

joint face which lies in the plane of the

picture. Other serondary joints are
developed at this locality.
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Several major unconformities are present in the

Liard River area and undoubtedly other minor ones are also

present.

One of the most widespread of these unconformitios

occurs at the base of the Cretaceous. Its effects can be noted

by tho bevelling of the Triassic strata across the map area, /n

the Trout River map-area (Douglas, lc91, b) Cho Cretaceous lies

directly on the Devoniano This increased bevelling may be due

in part by the additional effect of pre-Triassic and pre-Permian

erosion.

Another unconformity which may be more local than the

pre-Cretaceous unconformity is illustrated in Figure 37. This

figure shows that in the western part of the map area, the Upper

Devonian - Lcwor Mississippian interval is extremely thin compared

to the Plains section to the east, It is suggested that a structural

"high" occurred in this region resulting in much of the Upper

Devonian strata removed by erosion. Puch of the Lower Mississippian

is also missing due either to erosion or non-deposition. Figure 37

illustrates this Thigh" formed by geanticlinal-type positive area

whereas Figure 33 suggest tho "high" is due to block faulting,

possibly basement controlled. The final result of erosion and

missing section in the western region would be similar in either

case. In the first case, possible onlap of the Mississippian my

occur on the flanks of tho "high". In the second case, local
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downwarp associated with the block faulting may produce a

relatively thick Mississippian section immediately east of the

fault. Regionally, the geanticlinal-typu "high" is favored over

the block faulting type.

Another widespread unconformity occurs at thu baso of

the Devonian. This unconformity extends from the Llard River area

and the mountains to the north, eastward to the border of the Pre-

cambrian Shield.

In the Upper Beaver River area, the presence of Middle

Silurian shales averlying Upper Urdovician dolomites indicates

another unconformity. Little is known of the pm-Upper Ordovician

strata in the map-area, however, to tht . south, near Sumit Lake,

a major unconformity occurs between bedded Paleozoic strata and

metamorphosed, presumably PrecaMbrlan strata.



STRUCTURAL. GEOLOGY
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The Liard River area embraces part of the Rocky

Mountain Foothills, the Liard Plateau and the western part of

the Interior Plains (Figure 2). As in many other areas, the

structural boundaries.do not always coincide with physiographic

boundaries. For example, around Fort Liard, structures of the

Liard Plateau continue south beneath the Plains area (Douglas,

1959, p. 17).

The structures of the Rocky Muuntain Foothills of

this area are characterized by tight, northwest trending, doubly

plunging symmetrical anticlines and synclines. Unlike the

Foothills of Alberta, faults aro rare, The Foothills have a

northwest trend south of the Liard River but swing to a north to

northeasterly trend a few miles north of this river.

The structures within the southern part of the Liard

Plateau are, in part, a continuation of the Rocky Mountain Foothill

structures. The folds, however, in contrast with those ol the

Foothills belt, are broader and more open. The ci:ange of structural

alignment, noted in the Foothills, continues to the southern part

of the Liard Plateau where many of the structural elements strike

northeast. North of the Beaver River, the alignment reverses

back to a generally northern direction. Associated with, and

apparently related to the change from northwest to northeast, arc

numerous east dipping thrust faults. The east dippir9 nature



of these faults are apparnntly characteristic of this region,

wh;.reas west dipping faults prevail in thP southern Foothills

of Alberta and in tfv! McConnell Mountains to the north.

The tight folding, charaet-ristic of the Foothills

Belt, does not necessarily reflent similar folding in undrrlying

coopetent strata. This is well illustrat-!ci on the Liard River

near Dt=vils Portage, whene a sirple anticlino of upp.,r Paleozoic

strata plunges into a s,ri,s of highly crenulatnd Triassic strata.

In the Liard Plateau, howv:r, the folds which expos,: Carbonikrous

strata at the surfaLe generally xhibit sirilar folding within the

underlying formatiens, illustrated on the Grayling River whore

th,;. Nahanni formation is exposed in the cort- of an anticline

which is flanked by Carboniferous strata.

Bovio Lake Fault

In the northeastern part of thp map-area and continuing

oast of tho map-area, the Bovie fault brings gently west-dipping

Carboniferous strata to the surfae. Toxaco Exploration Company

drillud a well north of the British Columbia bordpr, bottoming in

the Mattson formation and are currently drilling a second %ell

south of the Rritish C:lumbia bord:IT on this structure.

Between the Bcvie structure and Fort Liard lies th,

Petitot River synclin_, Llard fault anl the Liard anticline

described by Douglas (1)59) but not mapped in detail during the

past field season.



The Liard syncline is a major structural feature whose

axis follows a sinuous course from the south boundary of the map-

area to its northern termination at South Nahanni River, a distance

of more than 160 miles. The trough, in much of the area, is occupied

by the Upper Cretaceous Kotaneelee and Wapiti formations. Twenty to

thirty degree dips have been recorded on the west limb, where a high

escarpment is capped by the resistant Fort Nelson formation. The

east flank is more gentlE having dips in the order of 2 to 3

degrees (Cook, 1950).

Kotaneelee Anticline

The Kotaneelee anticline forms the north-trending

Kotaneelee Range of which only part of the central and southern

portions are present in the map-area (see Figure 40). Pan-American

Beaver River #1 (Figure 39) was drilled on the southern segment of

the anticline, where there is, apparently, a local closure. At

this locality, the anticline is symmetrical in contrast to its

westward asymmetry to the north.

La Biche Syncline

The La Biche syncline lies between the Kotaneelee and La

Biche Ranges and exposes mainly Cretaceous formations in its

trough.

La Biche Range

The La Biche Range, underlain mainly by the Mattson

formation, is formed by a compound anticline. The southern segment



Figure 39

Pan-American Beaver River fa on crest of Kotaneelee
anticline looking southeast. The Scatter formation

on the east flank forms the first ridge (right center).
The second escarpment is formed by the Fort Nelson

formation.

Figure 40

The Scatter formation plunging south
along the Kotaneelee anticline beneath
the overlying Lepine formation on the
geaver River.



Ficure 41

Figure 42

APR (,1)

1

View looking north along the East La Biche anticline.
Steeply-dipping beds of the Scatter formation in the
foreground are cut-off by an east-dipping fault on
the west limb. The Mattson formation is exposed in
the center background (Figure 46) and the west flank
of the La Biche anticline in the left background.

APR CO

Asymmetrical La Piche anticline showing the
low-dipping beds cf the cittson formation on
the east f:Ank becoming steply-dipping on
the west flank.



consists of two anticlinal structures; the westerly one

referred to as the La Biche anticline ()ouglas, 1959), and

an easterly previously unnamed anticline, hero called the East

La Biche anticline (Figure 41 and 42). This easterly anti-

cline warrants a separate name, as it can be traced south,

beneath Cretaceous cover, to the Liard River. Both anticlines

have a gently dipping east flank (10 to 15° and a steeply

dipping west flank (50 to 80°), underlain on the west by an

east-dipping thrust fault.

Beavercrow Anticline

The Beavercrow anticline is a westward asymmetrical

structure, probably underlain by a north,West trending, east

dipping fault of small displacement on its west flank. Dips

on the east flank range from 20 to 300 in contrast to those on

the west which range from 60 to BO°. Maximum east-west closure

is in the order of 3,500 feet. Unlike the Kotaneelee and La

Biche structures, this anticline plunges north a few miles

south of Fantasque Lake. The Beavercrow anticline is one of

the most favorable structures in the area, however, at present,

the entire structure is held by California Standard and Shell

Oil Company.
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Thkt West Grayling fault Is a major ncrth-tranding east-

dipping thrust fault which has an approximate throw of over 3,0°0

foot. In areas of maximum displacement, hard quartzite beds of

Map-unit I of pre-Upper Ordovician ago ere in fault contact with

Upper Devonian and Mississippian strata. The fault can be traced

frau the Grayling River north to the Beaver River, a distance of

5( miles. Along the 'i'est Grayling uplift the Paleozoic strata dip

gently oast and may vvresont tho east flank of an originally

broad anticline.

U(4vor River Fatal',

The Beaver River fault, another major east dipping

thrust, parallas the West Grayling fault, 5 miles to the west.

It may be traced north to the area of syonitic intrusion whore it

is lost, although it may possibly join a nerthcast trending fault

in that area.

Vaatito_aaalaa

West of thv map-area, another major fault occurs, which

on the Beaver River, thrusts Upper Ordovician dolomite over shale

and saa beds of possibly c;arhoniferous or Cretaceous age. Extended

south, this fault follows thc, linear trend of the Tcobally Lakes&

In th i. southwestern part of the map-area, several synclinal

muuntains (Figuro 43, 444 ard 45) stand out as "island0 in tho

adjacent forasted area of low relief. Thyse synclirws, r=riant of

thu high folding to the east are flanked by the resistant Llard

formation (Figure 46 ) aid commcnly have the Garbutt formation pre-

served In their troughs.



Much of the map-area west of the West Grayling fault

was not studied in detail and most structures, indicated on the

map, were recorded from air photographs.
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Fi ure 43

Isolated synclinal mountain capped by the Liard formation

and underlain by the darker weathering Toad formation.

Figure 44

Air photograph of the synclinal mountain shown
in Figure 45. The resistant sandstones of the
Liard formation form a good geophoto unit for

mapping.



Figure 45

View looking north along synclinal

muntain as illustrated in Figure 44.

Fiourv 16

Resistant sandstones of the Liard formation

flanking the syncline shown in Figure 45.



C ONCLUSI ONS

The detailed mapping and stratigraphic study in the

Liard River area has 1,d to tho following conclusions:

1) The tight folding of tho Triassic in tho Rocky

Mountain Foothills does not necessarily reflect similar folding

in the underlying Paleozoic formations.

2) Simple anticlinal structures (i.e. Beavercrow

anticlines) on the Liard Plateau, will, on the other hand, reflect

similar folding of the underlying strata.

3) The change in structural alignment, the prevailing

east-dipping thrust faults, and the positive area in the western

part of the map-area are all probably inter-related.

4) Lensing within the Sikanni and Scatter sandstones

may provide possible stratigraphic traps in the eastern part of

the map-area.

5) Although the Triassic did not appear promising as

a productive horizon, sandstone lenses, such as occurs near the

base of the Toad formation on the Crow River, may occur in the sub-

surface to the east, and as such, should provide conditions for the

accumulation of hydrocarbons.

6) The Mattson formation is essentially a well sorted,

medium to fine grained quartzose sandstone unit, showing porous

horizons on outcrop. This unit must be considered a potential

reservoir within the Liard Basin.



7) The Mississippian carbonates underlying the Mattson

formation are difficult to assess, however, unpredictable porous

1mses may occur.

8) Development of porosity in th,1 upper part of thu

Nahanni formation, as observed on the Crow and Beaver Rivers, may

provide a stratigraphic trap in the subsurface, even in "off-structure"

areas.

9) The Upper Ordovician porous biostromal dolomites of

Map-unit 3 should be present beneath the structures in the western

part of the area but are not present in the eastern part of the area.



113 1. IOGRAP11Y.....................
BOSTOCK, H. S. (1941), "Physiography of the Canadian Cordillera,

with Special Reference to the Area North
of the Fifty-fifth Parallel", Geol. Surv.
of Canada, Memoir 247.

BRADY, W. B. and JOHNSTUN, A. H. (ltr60, a) "tast Grayling and West
Scatten. Prospects", unpublished manuscript on
file with Union 011 Company of California,
709 - nth Avenu.1 Vest, Calgary, Alberta.

BRADY, W. B. and JOHNSTON, A. H. (1c60, b) "Toad Anticline Prospect",
unpublished manuscript on file with Union Oil
Company of California, Calgary, Alberta.

GOOK, J. T. (155U), "Cevlogical Report on the Fort Nelson Area,
t;ortheastern British Columbia", unpublished
manuscript in files of Onion Oil Company of Calif.,

Calgary, Alberta.

D3U3LAS, R. J. W. (1959, a), "Fort Liard and La niche Map-areas,
Hcrthwest Torritories and Yukon", Geol.
Survey of Canada, Paper 59-6.

rAYUSLAS, R. J. W. (l69, b) *Great Slave and Trout River Map-areas,
Northwest Territorlos", Geol. Survey of Canada,
Paper 58-11.

HAGZI C. O. (1945)9 .100o1ogical Reconnaissance along Lower Liard
River, British Columbia, Yukon, and Northwest
Territories", Gaol. Survey of Canada,
Papur 45-22.

HARKER, P. (1959-1960 "Carboniferous and Permian Stratigraphy of
Southern Mackenzie Mountain Area, Northwest
Territories and Yukon", Geol. Survey of
Canada, Bull. (in preparation).

HUI;DERSUN, W. R. S. (1S;50, "Geological Report on Northeastern
British Colombia", unpublished manuscript
in files of Union Oil Company of California,
Calgary, Alberta.

JOHATON, A. H. (1954), "A Stratigraphic Reconnaiasanco of the
Devonian System in the Rocky Mountains of
Northwastorn Alberta and Northoastern British
Columbia", unpublished manuscript in files of
Union Oil Company of California, Calgary,
Alberta.



KiNDLE, D. (1944), "Geological Reconnaissance along Fort Nelson,
Liard, and Beaver Rivers, northeastorn British
Columbia and Southeastern Yukon", Gaol. Survey
of Canada, Paper 44-15.

and CHRONIC, B. J. (1947), Vississippian Rocks
Moramec Age along Alcan Highway", Bull. Amor.
Assoc. Pot. Geol., Vol. 31, pp. 1609-1613.

and CHRONIC, B. J. (1949), "Paleozoic Strat/graphy
along Alaska Highway in Northeastern British
Columbia, Bull. Am. Assoc. Pot. Geol., Vol. 33,
pp. 15024552.

G. (1391), "Report on an Exploration In the Yukon and
Mackenzie Basins* N.W.T.", Geol. Survey of
Canada, Annual Report, Vol. TV, Pt. D.

McLEARN, F. H. and KINDLE, E. D. (1950), "Geology of Northeastern
British Columbia", Geol. Survey of Canada,
Vemoir 259.

LAUDON, L. R.

LAUDON, L. R.

McCONNELL, R.

NISLEY, V. E. (1950), "Stratigraphic Studies along the Alaska
Highway", unpublizhed manuscript in the
files of Union Oil Company of California,
Calgaryv Alberta.

PATTON, W. J. H. (1953), "Mississippian Succession in South Nahanni
River Area, Northwest Territories", in Jurassic
and Carboniferous of Western Canada, Allan
Memorial Volume, Am. Assoc. Petrol. Geol.,
pp. 309-326.

R. (1959), "Tetsu Riwr, British Columbia", G4:ol.
Survey of Canada, Map 29-1559.

J. (1957), "Sedimentary Rooks", Harper Bros. N.Y.

(1943), "Sequonce in Layered Rocks", McGraw-Hill
Book Company, Inc., flew York, N.Y.

SUTHERLAND, P. K. (1959), "Carboniferous Stratigraphy and Rugose
Coral Faunas of northeastern British Columbia",
Geol. Survoy of Canada, Memoir 295.

WILLIAMS, M. Y. (1944), "Geological Reconnaissance Along the Alaska
Highway from Fort Nelson, British Columbia,
to Watson Lake* Yukon", Geol. Survey of Canada,
Paper 44-21.

PELUTIER, B.

PETTIJOHU, F.

SHROCK, R. R.



STRUCTURAL GROSS - SECTION G - H

LIARD RIVER AREA



=.1-]

STRUCTURAL CROSS - SECTION A - B

LIARD RIVER AR EA



STRUCTURAL C ROSS - SECTION 'Ye= L'

LIARD RIVER AR EA



__

STRUCTURAL CROSS - SECTION E - F



UPPER CRETACEOUS

I - I

I

I 1

LOWER CRETACEOUE

.....

jr7,7`.]

F777 ........................................

LEGEND

.. °

I I

PERMIAN

I

If
I

................

I

I

[71.-
1

I

K.

T-
\

19

IA

,

r,
n

P.

10

l.

tlt,,

- .-1' i...." jttP-7--------
.

i I
< 1 1

lf iy
1

1 \ 1 i
i I

IGNEOUS ROOKS

<//
,

,

, ,

21

[

\ 1

, [

[[[

4,TrigEerrivrkriTilirervegT'llkormyrrarrimierrilarvvgrigr'lligrvioroi,TPEFF1771291"96rirPrIgm'

3 fl.11 .II.,i,,, /.,:.



,

3 0 x Craphi, bufit.trie.



f

SCATTER RIVER

sCATTE

17711''''I''''RT1 Prk"''OIENT1'1.61'ir''I'Vr9IIFTIIFT7LIZ"'I'';IP"T"klitwriZli'l"CIFT''''SliTv'grIT'''' l''1IrC1I 'il'i.''''VVV"I'liliTIT'Ilrl'I'lgill'Vti:11:''rli5l1'"IFT'''"'Ir1rl'In":"I'r1"Ir1rlImri'''1"'Irl"'''"I''"T:z61

3.

3 0 x



-

I

L LORD RIVER

Lfzli -

CRETACEOUS STRATIGRARHY

SCATTER RIVER TO TOAD RIVER

FORT NELSON FM

B BRADY 1959

RUTH,. CREEK

-,,r1,410-1-7,1p.oriumwigurriiienvEriTlir

3 0 x

LOWER SENOsTONE BERBER



;

=

1111111111111111111
quin -411

L$.

1

=

E

t

1:1

-= lormistuom

MIIIMINUNIMEME11111 IWUIIIHIllilMil! IMES11111

.`4

JII

. -_---,-,-,-

J A
4,

--/

,,,,,c

i'

,

,
:

..
,-

11611,T1I1,1716r1TPlill4TIVTI'MliPlwrlyTTIfinlw

:3 5 6 7 01 I si 114.,

30x



1

MUMMININONI

! !

f '

1

i

i vi :

f 14 '1

I 14

n ,

t

ati

i

I

1 ;

1 !

itI'

I
I

i

1

!

i

f.
1111.1

Immumfinum H111111111111011111111 I OEM

Li

2

;

7

2

ILITT7771

,

C

.
,

Ss'

,
i

,,



I 'fly 1'1'1'161r Ig Ir Pr 01', V' I
TIITIPINITVITPigr

iTI T le riliT.TITC1 V I 161 Ti P 'V I gr v 161' I T I 161'P T WITIT T
PI

'I' Ili:1'1'1=i



STRUCTURAL CROSS - SECTION G - H

LIARD RIVER AREA

3

1:0TrIamTPrwvi.rt.gTorwriwiev.,14,1g,:ipri.111:1,7,161.0r1.70rro.rirrrirouvpropilvlevigrivirrilp=
, SIE

3 0 x - 1'nm:dim, Greqdrir Ind.trie. La.



_

s
STRUCTURAL CROSS - SECTION A -B

LIARD RIVER AREA

. orrt.reImn Crorlirr ,,,, Fr. 11.1.



.,qrgrehrive-rimi,Trigervcirri&Erririi,rgirrlig-rglivirgrrivirlirariTrwriTilvil,wir.Proigri.1.1.,.0 torilAringri.liriTivriTvriririliv-mari.-

3 0 x ..,,, 1,,,,,Iinq Grvb ir Inda.1 vie, 1.1d.
lidi1215Ildiltaald.110151111101111111215111liaRitillthallitiolt1215111111eg



...... ,

/ank
STRUCTURAL CROSS - SECTION C - D

LIARD RIVER AREA

.,

,'",,''',11`1'113,:lIkII.III.IIIII'airITIIIiII6IIITIIITIVIIIIIIIII,AIIIIIIIIINIIIIIIIIIyprpigerigirrTivr.r,Err Irgrrilv,,Tilsiyirgri:vv1, ill.1 .wvirirrp1 i.IE1TItIv.,TvlorrIvi1.111:11..1I1r1 levt,Tgiro.w.iyirign,,,,,ignitypripiwilenpriliinppprrozz
Lt.i



30 xi.1,4...6, Gra Mae Indwarie,



)

711111111111E10111111111111111

Almanimm
...

_

STRUCTURAL CROSS - SECTION

LIARD RIVER AREA

E - F

., ,..altirive.riquiniqpiTirrai.PrPisjErPrigivirwriTilvirgiviTIFTivrrrilirl.i.iiiriTiniiin'isiii"Ti.wiro.v.irlEriTiT6I'C''

Ho.: L. lidaltItladolhal.hhilhahlalidtlikahllaidthililid.141AhladiLl.illtilhaRithlthIlithl.,.11111.,L1121,1,11R,,,i 2 2 1. 2,Likikkeitaittai.m.a.,615.,1,311,!

3 0 x


