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Frontispiece - Base camp at the abandoned Central
Leduc Toad River #1 well site on
the Liard River.




LIARD RIVER AREA \

INTRODUCTION

The area here mapped as thue 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 Bostock's (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 Belt 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 stratigraphic investi-

gation is essential for a clear undexrstanding 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 poxtion.
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ACCESSIBILITY AND FIELD WORK

At the townsite of Fort Nelsoini; British Columbia,
begins an eight hundred and fifty mile route to the noxrth by way
of the Fort Helson, Liaxrd, and Mackenzie Rivers along which
supplies and equipment can be moved by barge during the summer
monthse It is also possible to navigate up the Liard River by
barge to Hell Gate, above which rapids znd turbulent water make
furthexr travel dangerous or impossible.

Equipment can be moved by land only duxing the winter
months when the many tractor trails and seismic roads are suffi-
clently fxozen to suppoxt hesvy weights.

Fleld work was commenced dL;r.lng the early paxt of June,
1959, Tha first bzse camp was established at Nelson Foxks whexre
supplies had previously bsen cached by barge. Subsequent base
camps were established on the Liard River at the abandoned Toad
2dver #1 well site (see Frontisplece), and lastly at Fantasque
Lake in the Yukon. These three base camps were 70, 90, and 120
glr miles from Fort Nelason, respectlively. Humerous two-wman “fly™
camps were set ocut from base camp in oxrdexr to cbtaln stratigraphic
information. Gasoline caches were made by barxge at Nelson Forks,
at Fort Liard, and at Nahanni Butte.

A Beaver De Havilland float~-equipped alixcraft was
chartered fxom Gateway Aviation, Edmonton, Albexrta. This plane

was used for geologlcal reconnalissance flights over the area, camp

moves, gasoline caching, and weekly supply service from Fort Nelsone.




A Bell Model G-2 helicopter was chartered from Foothills
Aviation, Calgary, Alberta. This craft was used in daily set-outs
of two geologists, movement of fly-camps, and for detalled structural
mapping including numerous stops for examination of the outcrops and
their altitudes.

A 35~f00t boat poweraed by a 35 H.P. outboaxd molor was
used for traverses on the Liaxd 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 ovexr sixty miles, although low water conditlons 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.W.T., for further work in that arez.

A goodly portion of the area north and northeast of
Fantasque Lake is after Douglas (1959), as time did not permit a
detalled exemination of this area. This portion of the map area

was checked in the office from air photographs, howaver.
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Frontispiece - Base camp at the abandoned Central
Leduc Toad River #1 well site on
the Liard River.
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part, the Liard Plateau (Figure 2).

It was proposed to investigate and compare the structural
relations of the folded Foothills Belt 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 stratigraphic investi-

gation is essential for a clear undexrstanding 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 poxtion.




3074\ it ] 1200 N gise
I\ ! ) \ \\\
| |I \ ’,l’\ | I
! bl ; 3 {\f."i.{’:‘ |
N Ny, | AN 2
\ )L&‘\i 5|~rr?:c1:. —kLﬂ \ A~ f
| - ¥ \l ESS‘--—
AESIKON ‘j NORIHWEST TERRITORI RS orave
|
CHHI"-ENQ”J: ' =\.' g /].f"’ :.c::::n':ml .
NS ¥ ! S BEAVER—LA BICHE
= l "\’. l/ Map Area e
FSGRT LIARD e ¢4 S
: as 0 mm— 1S
1 '
|
1 NELSON FORKS
o \?f:"_jgw '

i

1

i

|

1 FORT NELOON.
H o)

| :

PEACE
FORT RIVER
BT JOKNg H ot
SR
okl RS | oerme
BRITISH coLumMBIA \
. LY e

il
( b}r"‘{,,../:
\g "{~3J/ INDEX MAP
CNARLOrr e G I e
hegiacs location of the Liard
<K River map - crea.
\\}‘\l :
\"\3 Scale: 1 = 100 mi FIGURE |
\ 1
| ' '.
| '\".:g ll
| X .
! " |
| ¥ BT Ul,(’xﬂutﬁ; \ l‘
=8 0 0 FCa 44 ""\ i ) | SR e
bt ENTEIVLL f(‘ &3 T £ =
. \\’\ N7 ;(.-_ |
‘\ r:; R ‘!’1 4 ‘i
== N |
| "-J 1
. . —~JflvancouvER {
| ‘_ﬁ‘*w-'J 1" e Ty
\.J')J'_[) \\'\\ ‘\fj\b——-o--——-—" sommmeea $.8 \
A ) s {
it 1 \ u. s. A

\ Lo
T 1
“AlyicYyomia
- b \




126°

123°

ﬁ BRITISH  COLUMBIA
A

)

LIARD PLATEAU QS
T /
.

v

NELSON FORKS

FISHERMAN
caxe | |

N. W TERRITORIES
e o

INTERIOR

ﬁ%

\

ol

MAXHAMISH

SA LAXKE

PLAINS

60°

i

Q

i \ ; RIVER _
| \—acaska '\ | ROCKY MOUNTAIN "\
: HIGHWAL \ | FOOTHILLS
f ROCKY \
| MOUNTAINS |\
L }\Muﬁcno |
LAKE |
59° AW = 3t L s9°
126¢ 125° 124° 1230
INDE X MAP
Liard River map * area s howing the
physiographic subdivision after Bostock
Scale: | = 18 ml. (approx} ! FIGURE 2




ACCESSIBILITY AND FIELD WORK
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begins an eight hundred and fifty mile route to the noxrth by way
of the Fort Helson, Liaxrd, and Mackenzie Rivers along which
supplies and equipment can be moved by barge during the summer
monthse It is also possible to navigate up the Liard River by
barge to Hell Gate, above which rapids znd turbulent water make
furthexr travel dangerous or impossible.

Equipment can be moved by land only duxing the winter
months when the many tractor trails and seismic roads are suffi-
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Fleld work was commenced dL;r.lng the early paxt of June,
1959, Tha first bzse camp was established at Nelson Foxks whexre
supplies had previously bsen cached by barge. Subsequent base
camps were established on the Liard River at the abandoned Toad
2dver #1 well site (see Frontisplece), and lastly at Fantasque
Lake in the Yukon. These three base camps were 70, 90, and 120
glr miles from Fort Nelason, respectlively. Humerous two-wman “fly™
camps were set ocut from base camp in oxrdexr to cbtaln stratigraphic
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at Fort Liard, and at Nahanni Butte.
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was used for geologlcal reconnalissance flights over the area, camp

moves, gasoline caching, and weekly supply service from Fort Nelsone.




A Bell Model G-2 helicopter was chartered from Foothills
Aviation, Calgary, Alberta. This craft was used in daily set-outs
of two geologists, movement of fly-camps, and for detalled structural
mapping including numerous stops for examination of the outcrops and
their altitudes.

A 35~f00t boat poweraed by a 35 H.P. outboaxd molor was
used for traverses on the Liaxd 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 ovexr sixty miles, although low water conditlons 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.W.T., for further work in that arez.

A goodly portion of the area north and northeast of
Fantasque Lake is after Douglas (1959), as time did not permit a
detalled exemination of this area. This portion of the map area

was checked in the office from air photographs, howaver.
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PHYSICAL FEATURES -

The physiographic subdivisions (Figure 2), as outlined by
Bostock (1948), are used in this report with only minox changes.

The Interior Plains constitutes the eastern one-third
of the map area. This in turn may be subdivided into two parts
as suggested by Hendexson (1950). To the ocast, is a low=lying
area, poorly drained by meandering streams. Heavy forest growth
is common except locally mhere large muskeg areas limit the growth
of treas. OCutcrops are rare, as most of the area 1s covared by a |
thick mantle of glacial drift. The western part of the Intexior
Plaine is characterized in this area by a relatively high plateau
composed of gently dipping Cretaceous strata. Locally, rellef is
in excess of three thousand feot and steep scarp faces axre common.

The Rocky Mountaln Foothills conslsts of a northwest
trending belt, twenty miles wide, of tightly folded and locally
faulted, predominantly Trlassic strata (Figure 3). The eastern

boundary ceincides with the first zone of closely folded atrata




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,
oxtended north from Summit Lake, lies cast of other mountain-forming
Paleozolc strata brought to the surface in the cores of large anti-
clines. Thus, only an arbltrary division can be drawn between the
Rocky Mountains and the Rocky Mountain Foothills in the Liard River
area.

The Liard Platcau continues the habit of the Rocky Mountain
Foothills in followirg 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 sedimentaxy 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.

3




STHATIGRAPHY

General Statemgnt

The axea is underlain by sedimentary rocks, locally
in excess of 15,000 feet. These rocks range in age from pro=-
Upper Ordoviclan to Upper Cretaceous. The Mesozolc formations
consist predeminantly of clastics with only rare carbonates.
The Paleozolc formations, on the other hand, are dominantiy
carbonates and minor shaless Sandstones are comumon, hoewover,
in the Carbonifercus and as a thin occurrence in the Uppex

Crdovician,.

The following Table of Formaticns summarizes the
lithology and thickness of the stxatigraphic sequence found

in the Liard‘Rivez sreas

oo TABLE OF FORMATIOHS 2.

5

Pericd or Group, formation Lithology Thickness
Exra Epoch (map~-unit) (feet)
Viapiti (23) Sandstone, coal. 31,000
Upper Kotaneelee Concretionaxry shale, .
Cretacoous (27) sandstone, coal. - 500
O Fort Kelson Conglonmerate, sandstone,
'; (26) shale. 600
X
«astContinuad

HECTO




Table formations cont.

Period ox Group, formation Thickness
Exa Epoch (map~unit) Lithology ( feet)
4]
= Sikanni Concretionary shale,
& (24) sandstone 600
=1 |l Lepine Dark grey, concretionary ~
5 |8 (22) shale, =1,600
Lovior B ==
Cretacecous | . iﬁ
0 & & Scatter Fine grained, glauconitic
& (21) sandstone 600 - 900
=4 8 é
iy
& 8 | Garbutt Dark grey, concrationary
= (20) shale, + 900
N
o o Liard Medium to coarse grained
ponet (18) sandstone, minor silt-
» § stone and limestone. 0 - 1,800
-t
i &
Triassic | B Toad Fine grained sandstone,
o (17) siltstone, mudstone and
§ minor limestone. 0 - 2,500
@ ‘
E
o Crayling Shale, siltstone, /-
(16) mudstone, minor sandstone. -1,500
Permian Fantasque Chert and silicified
(15) shale. 0 - 150
© | Carbontfer- Mattson Sandstona, minor shale
., | ous and (14 and 1l4a) and livestona;
Pexmian (142 - basal resistant
o sandstone in the western
part of map-area). 1,500-3,000
N
o |Mississip- Map-unit 13 Grey, fossiliferous
pian limestone. £1,200
w
o Map-unit 12 Dark grey, arenaceous .
(Kindle) limestone, siltstone, ~ 500
o shale.
il :
“Banff" Dark grey shale and 3
(11) interbedded limestone -1 ,000
(on cross-sacticn only)




pb_lg_jgmimmp.a&-
Period or Group, formation Thickness
Era Epoch (map—unit) Lithology (feet)
Mississipplan| Map~unit 10 Dark bluish-grey shale. 1,000~1,900
and Upper
Devonian
Nahanni Grey, very fine grained .
(8) limestone; dolomite and - 800
crinoidal limestone.
Middle
Devonian
Map-Unit 7 Dark and light grey
(Bear Rock- banded dolomite. 1,200-3,000
~ | Lone Mtn.)
o
O &
Middle q Map-unit 6 Dark grey, graptolitic A
=) Silurian o shale. ~ 500
) 8
< <
3 Map-unit 5 Dolomitic sandstone and
o = arenaceous dolomite. 0 - 500
" 3
q Upper = | Map~unit 4 Banded dolomites 300 - 1,700
- Ordovician | = | (Muncho-
g McConnell)
a, =
Map-unit 3 Reefoidal dolomita. 300 - 800
(Mt. Kindle)
pre=-Upper Map-units Red argillite, sandstone,
Ordovician (2 and 2a) and shale (2); white 3
sandstone (2a). =1,000
Map-unit 1 Quartzite. X 800




CRETACEQUS
{Map-units 20~ 23)

The Cxetaceous formations underlie a large portion of
the Liard River area. The Cretaceous nomenclature used 1n the
Liard River area was proposed for the most part by Kindle (1944),
Type sections occur on, ox adjscent to, the Liaxrd River in the
vicinity of the Scatter River. The only modiflcations of Kindle's
nemenzlzture in this repoxt is the rastriction of the Lepine
formation in areas where the Sikannl formation can be recognized
and the addition of 80 feet of strata to the Fort Nelson faxmation,
which were formerly included within the Lepine formation. The
Cretaceous correlation and facles changes within the Liaxrd River
area are illustrated in Figure 3 and the measured sections are

shown on Plate (in pocket).

Wapitl Formation (Map-unit 23)

Locally on hills in the Liard River Valley, Hage (194%)
degcribed non-marine beds of sandstone and shale with intexbedded,
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 fessils were found in these beds but from their
stratigraphic position, they are correlated with the Wapiti forma-

tion of Upper Cretaceous age (Douglas, 1559).

This unit was not examined during the present study.
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Kotaneeleo Pormation (Map-unit 27)

The term, Kotaneelee formation, was first used by Hage
(1945, p. 21) for 50CU~1,060 feet of marine shale, sandstone, and
locally rare conglomerate overlying the Fort Helson formation. Ho
type section was designated, although partial sections were examined
by Hage on the Petitot and Kotaneelee Rivers.
Areal Extent

Within the map area, the Kotaneelee formation is confined
to the trough of the Liard syncline. Outcrops, although sparse, were
examined on the [unedin River and at one locality on the Liard River.
Lithology

Hage (1945, p. 21) describes the Kotaneelee formation as
an "assemblage of marine strata™ composed of “dark grey shale, some
thin gandstone beds, and a bed of conglomerate, somewhat in excess
of five hundred foet.

On the Dunedin River, the writer found non-marine beds near
the base of the formation. A bxief description of this short section
1s as follows:

Top of section overlain by glaclial drift Unit Thickness
—i0 Feot

Shale, non-calcareous, silvery-grey,
abundant long ixonstone concretionSeessse 10

Coenglomerato, hard, well rounded sandstone
pebbles up to three inches in dlameter
lying with erosional contact on the
UﬂdBI‘IYLng UNitesescotosassosnssnnvnsanes Cel ~ 0,2

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




Sandstone, light grey, very fino grained,
abundant ixon stalningeeecvecsceasscsee 3

Shale, non~calcareous, black, breaks lnto
small, smooth Chipﬁoov-ooo--Ul---.ooo- 3.5

Coal, magsive, stands out as small ledge,
sharp uppexr contacCteseeseccssvonsveves 4.0

Note: The twelve-=foot sandstone unit thins to approximatoly
four feet one mile south along the river while the
four-foot coal seam remains unchanged.
Shale or mUdStonﬂ' OQX@Yevencancssernccsecesensne 4.5
Coal, black, thin-bedded, breaks along bedding
planes and joint faces. More resistant
than ﬂdjﬂcﬁﬂt shaloBecessvessvacensaces 1.0
Shale ox mUdstOne. 48 abOV@evssssnssssnvnocas 5.0
Interbadded medium light grey to brownish-grey,
finely laminated sandstone and dark gray,
Silty BHhal0evenesnosonuencssnsossencsnnes 6.0

Intexval to river lovel covered by shaly talus

containing traces of yellow, vitreous
gaber. There 18, however, approximately
gixty feet of grey shale to the contact
with the underlying Fort Nelson formation.

Near the mouth of the Dunedin River, the Kotaneelee
fexmation, where exposed, consists of a soft, medium grey, micaceous
shale or mudstone, locally containing ironstone concrations.

Hage (1945) describes a five-foot pebble~conglomerate with
a sandy shale matrix one hundred and forty feet above the base of the
foxrmation of the Petltet River.

Soft groy shale similar to that exposed near the mouth of
the Dunedin River overlie this conglomerate on the Paetitot River.
Linckens observed a similar pebbla~conglomarate within the Kotaneelee

foxination on a small creek northeast of Nelson Foxks (Figuras 6). The

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




Fiqure 4

Pebble conglomerate and cunglomeratic sandstone with a
areen shaly matrix occuring in the Kotaneelee formation
on a small creek east of Nelson Forks. The hammer rests
near the base of the cunalomerate unit. This conglo-
merate is overlain by 20 feet of shale and approximately
10 feet of cliff-forming sandstone.

16




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

Petitot River.
Age and Correlation

No fossils were found in the lower one hundred and forty
feot of the formation below the conglamerate bed described by Hage.
It is suggested that these 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 River

could possibly substantiate such a correlation.

A Scaphites ventxicosug fauna collected by MclLearn in

northeastern British Columbia indicates a ccrielntian of the Kotaneclee

formation with the uppexrmost part of the Blackstone formation and the

lower part of the Waplabl formation of the Alberta group. An Inoceramug

fauna found in the upperlpart of the Kotaneelee formation correlates with

the upper part of the Wapiabi formation (McLearn and Kindle, 1959,
P 106) °

_ Fort Neleon Formation (Map-unit 26)

Refinition
The Fort Nelson foxmation 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
dasignated the "scarp along the east side of Liaxrd River" as tha
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 sectlion measured and
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Lovwer part of the type Fort Nelson formation,
opposite the mouth of Scatter River where it
consists of alternating sandstone and shale. |
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Fiqure 6

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




described by Kindle (1944) along this scarp opposite the mouth of
the Scatter River is here taken as the type secticn and was re-~
examined in part by Linckens and Griffiths.
Areal Lxtent

The Fort ielson foxmation is exposed in massive vertical
¢1iffs along the flanks of the Liard syncline (Figure 7). In
general, heavy tree growth occurs to the edge of these cliffs,
;hus 1imiting exposure to the immediate cliff face. The upper
part of the Fort Nelson formation is exposed along narrow gorges
on the Dunodin River (Figure 9) for a distance of 25 milas overlain
higher on the river banks by the Kotanecelee formation. The Fort
Nelson formation is also exposed on the Liard, Beaver, La Biche,
Kotaneaelee and Fort Nelson Rivers wvhere these xivers cut the flanks
of th§ Liard syncline. This syncline plunges north and the outcxup
pattern is lost beneath the glaclal drift.
Lithelogy

The lower part of the Fort Nelson foxmation was examined
by Linckens and Griffithe at its type sectlon on the scarp, opposlite
the mouth of the Scatter River (Figure 5). The section begins six-
teen hundroed feet above the river where it is underlain by shales
of the Lepine formation (Kindle, 1944, p. 14), or as used in this
report, by the sandstones and shales of the Sikanni formation (sae
digcussion of the Sikanni formation - this report). This section

as described by Linckens and Griffiths is as follows:

-
LY




Fiqure 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.

Fiqure 8

A bedding plane of the Fort Nelson conglomerate.
Black chert and quartz pebblus predominate,
averaging one inch in diameter.
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Fiqure 9

Resistant beds of the Fort Nelson formation forms
a falls on the Dunedin River. The tree cuvered
banks are underlain by the Kotaneelee formation.
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Overlying the soction described bolow 1s 300 feet of conglomorate
measured by altimeter and described by Kindle as "conglomeratej
clean, well waghed beds".

Unit Thickness
in Eael

Shale, silty, grey, contains carbonaceous
and micaceous laminaej rare plant

remalns--..............-o.--............. 6

Conglomerates pebbles mainly chert ranging
in size from 1/2 inch to 2 inchess
appears quite porous in partecsscecsscece 19

Sandstona, quartzose, light grey, clean,
porous, contains weathered feldspar

gralns..-..o..-.....-..-.....--o....-.... l

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

btdBesecscsosssvnerssusevensosenresnaisnasons 2

Shale, locally with thin-bedded sandstone
ﬂﬁpBCiallv towards the topo-oooouotoonooo 37

Sandstone, light to medium gray; medium grained,
"salt and pepper”, contains lxenstens con=
creticns and abundant carbonaceous and
axgillaceous laminae, cliff-formexXessesss 10

Covered intexvaly probably consists of soft,
dark grey 8hilQessveasasncssssvonecassonee 16

Sandstone, non~calcareous, light grey, coaxse
to medium grained, unsorted and locally
" conglomeratic, cross-bedded, carbonaceous
and arglllaceous streaks COMNONesssncesee 14

Shale, dark browvni sh-grey, 60ftsnereccsnsvcans 3.9

Sandstone, argillaceous; carbonaceous, fine
grainod, trace 0f ambeXessessesscssrnsase 1

Mostly coverad, but probably soft, brownish-
gray, micacesus shal@eeceseescscnssvevses 14

Sandstone, non-calcareous, iight grey, "salt
and peppexr", unsorted containing pobbles
and silt betweon the sand gralns, cxoss-
bedded, cliff-formexr becoming haxder
towards the top, morm bULTOWSe s sesesesens 5




Sandstone, non-calcareous, coarse grained,

frlableﬂﬂ...'O'.....‘.....l....Cl..“..l. 2

Covered intervaly probably black shale and
friable sandston@sevesesocvrvvecnsvccccnsce 36

Coal-.........-e.p--a......—..-....-...-.-.... 3

Sandstone, light to medium grey, coarse to
mediuvm gralned, "salt and pepper"eececeece 5

Sandstone, "salt and pepper®, coarse to
medlum gralned, friable with several
hard beds ranging from one inch to
one foot in thickness, conglomeratic
toward base with chert and ironstone

pebbleﬁoo-».....a................o.-..... 61

Poorly exposed - consliste of very soft
shale and feriable sandstonNCGesecvevscssese 36

Sandstone, slightly calcareous, light to
medium grey, fine grained, thin bedded,
laminatedevesevassvccansnsvcvvassossvnsennes 3

Shale, duxk grey, soft, a few one-foot
sandstone interbeds, poorly exposedessese 335

Sandstone, light grey, fine gralned,

possibly kaolin in It Xesesanovsescsnane 16
This sandstona forms a cliff characterized by
very large, round sandstone concretions
locally with concentric badding.

64a
Sikannd Formation
Coverxed 1ﬂtQIVﬂ1’ probably halececesnnasonces 20
$hale, dark gray, soft, blocky with one
inch slltstone bedB8esscssessasserssssones 118
Shale, dark gray, fissile, soft, less
frequent siltstone beds than aboVRsecsses 21

#This thickness, including the added 30 feet of strata is 118 feet
greater than that measured by Kindle.




The Fort Nelson formation is xrevised in this report to
include 80 feet of interbedded sandstone and shale previously
aszighed to the Lepine forxmation by Kindle (1644). Although the
Fext Helson formation is transitional with the underlying unit,
the lower contact 1s better placed at the base of these first
sandstone beds which overlie a predominantly shale unit, than it
was within the interbedded sandsten: and shale unit.

The upper part of the Fort Neison foxmaticn (Figure 6)
is a cliff-forming unit thxee hundred and twenty-five feet thick

consisting of massive conglomorxate interbedded with coarse grained

sandstone., One of the most detalled descriptions of thls conglomerate

i3 that by Cook (1¢50) from the east flank of the Liard River syn—
clines Quartz and black chext constitutes the predeminant pebbles
(Figure f%é, although Jasper, chalcedony, quartzite, groy and green
chert, and arglllite pebbles are locally present. Granite and
granodiorite pebbles have been reported as rare occurrences by Cook
(1950) and by Mclearn and Kindle (1950, p. 100). On the whole, the
pebbles are sub-rounded to xounded, but may xange from sub-angulax
to well rounded.

Croas—bgdding is common in most of the conglomerate and
conglomeratic sandstone beds. Lecally, vhere cross—bedding pre-
dominates, it is difficult to determine the true bedding altitudes.

Lensas and pockets of coarse grained sandstone occurs within, and

intergrades laterally with, the coarser conglomerste.




Age_and Gorrelation

To date, no diagnostic fossils have been reported from
the Fort Nelson formation. Locally, however, fragmentaxy plant
fossils have been found that resemble fragments from the Dunvegan
formation. Fxom its stratigraphic position the Fart Nelson f oxrma=
tion may be considexed the northern correlative of the Upper
Cretaceous Dunvegan formation.

Henderson (1650, pe 36) considered the {nterbedded
sandstone and shale underlying the magsive conglomerate to be the
oquivalent to the Sikanni frymation and thus corraelates only the
upper conglomerate with the Dunvegan formations This opinion is
not held by the present author who by tracing the Hikanni formation
north from the Alaska Highway, found 1t to occur woll within the

Lepins formation described by Kindle (1944).

6ikennl Formation (Map-unit 24)

Definition
The Sikanni formation was named by Hage (1544) 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-
posad predominantly of dark grey ghale. The lower unit is 390 feet
thicky it is composed of four massive sandstone units, each separated
by intexbedded shale and gslltstonec.
Arxea) Extent

Previously the Sikanni formation was not recognized in

the Liard River area (Kindle, 1944; Hage, 194%)., However, by tracing

\J
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this formation northward from where it is exposed noar Steamboat
Mountain on the Alaska Highway, the extension of the formational
name to this locality was made possible.

The formation was briefly examined in the northeast
cornor of the Tetsa River map-arca, wost of Steamboat Mountaln
by the writer during the summer of 1953. The formatlon, here,
as at its type locality, can be divided into two members
(Pellotier, 1959). Tha lower member contains four “strong"
sandstone units which form an escarpment below the main Fort
Nelson (Dunvegan) igpnation essarpment. This lower sandstone
escarpnent (Figure é) can easily bo traced to the north whera
1t occurs 8%0 feet below the top of Kindle®s Lepine formation.

In following this escarpment northward, such a marked thinning

of the sandstone was observed, that 3 miles north of the Scatter
River, the Sikanni formation no longer served as a mappable unit.
An arbitxary cut-off was made at this polnt, 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 (1999, p. 15) indicates the Sikanni formatlion
to be present in the La Biche and Fort Liard map-areas, vhich lie
north of the British Columbia boundary. He divides the formation
into an upper shale membex 700 to 1,%00 feet thick and a lower
sandstone member, 189 to 350 feet thicke If these map-units are
actually equivalent to the Sikanni formation to the south, 1t must

be concluded that the sandstons momber has lensed out south of
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Figu

Lower (sandstone) member of the

Sikanni formation on Ruthie Creek.




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

{s the writex's belief, howevor, that the vglauconitic sandstone®
of the Sikanni foxrmation as mapped by Douglas is actually the
Scatter formation. This 1s based on two cbsorvationsy first,
the thinning of the Sikanni sandstone to the north, and second,
the gbsance of glauconite in the laminated, "salt and pepper™
sandstone of the Sikanni formatione Until thexe is conclusive
avidence to the contrary, thercfore, the Sikanni formation is not
extended into the area around Fort Liaxd.
Lithology

Scattered outcrops of the Sikanni formation were
exanined on the Dunedin Rivex where the lower member is thin-
bedded, with fine laminations of “salt and pepper™ type, fine
grained, non-calcareous saﬁdntone.

On Ruthie Creek, 8 miles south of the Scatter River,
a section of tha scarp-forming lower member, measured by Linckens

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

Overlying beds not exposad.

Unit Thickness
———an-Eeet

Sandstone, non-calcaraous, light grey,
wsalt and peppexr", thick-bedded,
cross~bedded, laminated, wall
soxted, weathers light brown,
lecally iron stained, locally
conglomaratiCesecsssoncesnncvccscnnens 96

Covered intorvalevcsencosessecnsscsecscnnses 28

Sandstona, non—calcareous, light gray,
"galt and pepper™s medium beddoed,
soft, brownish-grey shale intex-
bedded with the sandston@ecsvecaccsnss 19




|

Mainly covered, rare shale eXpoBUr€sessecece 35

Sandstone, non-calcarsous, light grey,
"salt and pepper", medium to thick-
bedded, micacaous partings, cliff-

fOrMEransensnosccsssscstvesssscssnnnnes 13
Interbedded sandstone and ShalC@eensvnsceress [
159

$ikanoi Formation
Covered intarValevecsccccecnsssnovseosecsnnes 170

Sandstone, non=calcareous, light grey, fine
to very fine grained, "salt and pepper",
thin to medium bedded at top, argilla-
ceous partings, some ironstone concretions
and carbonacoous materidlesessencescsee 11
Oppossite the mouth of the Scatter River, a section
examined by Linckens and Griffiths indicates that the lowexr member
cf the Slkanni formation has thinned to 43 feet. A brief descrip—

tion of this secticn is as follows:

Overlying beds =~ Fort Neloon formation.

Unit Thicknass

—4in Feet

Covored 1nterva1. pIObEbIY ghal@evevnconrasne 20
shale, dark groy, soft, blocky with one inch

slltstone bedBessscsssscsvssavescssnsnne | 118
Shalo, dark grey, fisslle, ooft, lzsa

frequaont siltstone bods than abovesses 21
Shale, non-calcareous, dark grey, fisslle,

contains bog iron and sulphur, a few

fronstone concretionBicesessccescsanens 83
Siltstone or very fine gralned sandston@a.. 10

Shale, non-calcareous, dark groy, fisslle,
contains bog iron and sulphur, a few
ircnstone concretionBessncccccnscncnss 311




30

Lovexr Sandgtone Mepbex

Sandstone, non—-calcareous light grey,
fine ¢rained, "salt and peppex"
laminated with micaceous and
argillaceous partings, ripple
marked, carbonaceous plant
frﬂgﬂmnt&.o-oooooottcoono--oocooo..ooo 15

Shale, non-calcareous, dark grey,
fisslle, contains bog iron,

a few ironstone concretionSeecescessss 10

Sandstonc, a8 nbove...-.-................... 18

Total thickness of Sikanni formation 611
Lepine Foxmation

Shale, non-calcareous, dark grey, contains

bog iron and sulphur, a few ironatone
concrations.

The finely laminated, "salt and pepper—type* sandstone
is apparently characteristic of the lower member of the Sikanni
formation, in contrast to the highly glauconitic sandstone of the
Scatter formation.

Age _and Coxxelation

Fossils collected by Linckens and Griffiths on Ruthie
Creek and identified by Dr. Warxen 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.




Lepine Formation (Map-unit 22)
Pefinition

The Lepine formation wag named by Kindle (1944, p. 12)
for approximately 2,000 feet of groy to black marinu shale and
minor sandstone. HNo type section was designated. It may be
assuned, however, that the type soction is opposite Lepine Creek
from which the foxmmation derives its name, although a more complete
section 1s exposed opposite the mouth of the Scatter River,

In the original definition, the Lepine formation included
all the strata between the Scatter formation and the Fort Nelson
formation. In areas where the Sikanni foxrmation is recognized,
the Lepine formation (Map~unit 22a) is herein restricted to include
only thoso strata lylng between the Scatter formation and the ovex-
lying Sikanni formation. In areas where the Sikanni formaticon does
not constitute a mappable unit, the Lepine formation (Map-unit 22)
includes all those strata as originally defined by Rindle.

Aroal Extant

The Lepine forxmation crops out in the northeastern part
of the map areca, along the west limb of the Liard syncline. In the
southeastern paxt of the map-area where the underlying Scatter forma-
tion cannot be recognized, the Leplne formation forms the upper part
of the Buckinghorse formation.

Lithology

The Lepine formation consists predominantly of dark groy
shale with only minor interbeds of sandstone and siltstone. Clay
ironstone concretions, commonly containing fossils, axre characteristic

of the foxrmation.




The following sectlon is one described by Kindle (1944)
for the Lepine formation opposite the mouth of the Scatter Rivere

Adjacent to this described section are outlined the ravislons as

used in this report.

Thickness Reviged section
Top_of Saction (faot) (1959)
Shale, dark, with rusty
concretions-...¢......m..--...- 30
Sandstone, straw colored, with xusty
CONCIEtioNBessovscssssncrevsssce 10
Shale, dark, with rusty
conGretilonsSecscscacsscscecrnssee 30
Ssndstone, straw colored, with rusty Fort Nelson
conCYBtionNSescscosvecncsscacnese 10 Foxrmation
#Shale, dark, friable, with rusty
concrotionsBeesnsecnsssnveccnnse 110
#Shale, dark, firm, with concretions G0
#ghale, friable, gresy, breaking in
thin flakes, with concretions.. 330 Upper Member
Sandstone and shals; with a few -
concrotionBecssssscsnseressenss 10 o
Shale, friable, with rust-stained =
concretionSececocsncevnnnnennee 15 <
=
Sandstone and shale in alternating o
heds, with concretionBseesssnes 4 o lLower Member
i
Shale, soft, crumbly, with concrations 10
4
Sandstone in 2 to é-inch bandsg with =
thin shale pnrtings....--...;.. ia -
<
Shale, friable, with concretiofrs .ee. 18 »
-t
)

Sandstone, impurxe, shaly, with
concretionssesscsccvoacsecsseese ]

o ey A o o0 on ob W A ws es ' -

#The thickness of these three units measured by Linckens was 563 feot
compared to Kindle's 530 feet.
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Shale, daxrk, with 1 to 2-inch rusty
argillite bods at 10 to 20-foot

intervalSseesscssesvncssssnnsncnenneo 160
SSNdBtOnﬂ-and fina COﬂngm9r3t0¢oooo.---o 1
Shale, dark, rust-flecked, crumbly, with
scattered iron-stalned concretions Lepine Formation
and a few 1 to 2-inch beds of (restricted)
320 Map-unit

argillita....--.o.........-.-..-.-..

##Shale, concealed beneath Liaxrd River
and drift at mouth of Scatter River,
At loastlesecesvsvasnsvsscanncansssves 340

Revised total thickness of tha
Lepine formation {Map-Unit 22)eccess 1,644

Age_and Correlation ,
Marine fossils collected by Xindle (1944) were ldentified

as lace Lower Cretaceous. These include Gagtropliles cf. xingl,

Inocoramus cadottensis vars, L. altifluminis, and 'Placenticexas’
liardense.

It was suggestod by Kindle (1944) that the Lepine formation
was equivalent in part to “the Sikanni formatlion in the Slkannl Chiof
district south of Fort Nelson™. This correlation was substantiated

by the presont fleld woxk as praeviously outlined.

#»Xindle's lover 340-foot covered interval has boen increased
to 660 feet by scaling the distance from an air photo
agguming a constant dip of ten degxees to the east.
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Scatter Formation (Map—unit 21)

Definition
The Scatter formation vias first used by Kindle (1944).

The type section 1is on the Scatter River (Figure 11) one and ona=-
half miles vest of its confluence with the Liaxrd 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 Tocad River. From its type section
on the Scatter River, the formation rises abruptly to the west to
form steep c1iffs up to 1,000 feet 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.
Lithology

Essentially the Scatter formation consists of two sandstone
units separated by a middle shale unit (Figure 11 and 13). The
candstone 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 soveral dissimilarities
in the character and thickness of units as presented in the two

descriptions)s




Fiqure 1]

Type Scatter formation, 1% miles west of the mouth of
the Scatter River, The formation consists essentially
of an upper and lower sandstone unit and a middle shale

unit. The scarp-forming Fort Nelson formation can be
seen on the upper rioght.
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Fiqure 12

Scatter formation on the Liard River, south of the type
section looking north. The beds dip to the right crossing

catter River.monocline. RIS
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Figure 13

Scarp-forming Scatter formation along the Scatter";Ri-v'er'.
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Unit Description Ihickness
K~=1 Sandstone and shale. 100
K=2 thale, black. 200
K=3 Sandstone and shale. 250
K=4 Shala. 125
K= Szrdatong. cered ]
A 750

JLinckens and Griffiths

L=-1 Sandstoﬁe with minox shale. 109
L-2 Shale, dark qgray to black. 432
(-3 Sandstone and shale. 159
L4 Sandstone, thick to mediun bedded. 100
L= Sandstone, thin to medium bedded. 1)
Gol

It is readily apparent that Unit L-1 corresponds to
Unit K-1, L-2 to K~2, and a combine L-3 and L=4 to K~3. The major
difference here is the increased thickness of Unit L=-2 over Unit K-2.
The thickness as measurad by Linckens and Orif{iths 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 for by different methods of measuring.
It is possible that part of the difficulty may be due to the non-
recognization of large blocks siumped from adjacent cliffs and which
apperx to be "in situ” at river level.

Another section of the Scatter formation was measured
by Wissner and Fotheringham on the Toad River, and summarized as

followss

1)




Scatter formation, belioving it to be lithologically moxe related
to the underlyling units than to the overlying shale of the Lepine

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

Rescxiption

Shale, dark groy, fissile, softy concretions.

Shale, dsrk bluish-grey to grey, chunky, haxrd
concroetionge

_Scatter Formation

Sandstone, medium grey, vexry fine grained,
glauconitic, resistant.

Shale, dark blulsh-grey, locally silty
concretions.

Sandstone, mediun grey, very fine gralned
to fine gralnad, cliff-former,
concrations.

Underlying beds not exposcd.

wissner and Fotheringham would place Unit 2 within the

Thickness
{feot)
200

36C
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contact should bo drawn at the top of Unit 3, a resistant sandstone

unite.

This coincides with the contact at the type sectlon, whara,

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

the equivalent of Unit 2.
Age and Correlgtion

Fossils collected from the Scatter forxmation indicate

a late Loser Cretaceous age (Kindle, 1944).

Inoceramus cadottensis, some of which were collected on ths Toad
Othexr fossils include Gastropides

llardensis, G. canadensis, and Bentantoceras spe.

River during the past susoer.

This fauna includes




With the thinning of both the uppex and lower sandstone
units, the Scatter formation no longer constitutes a mappable unit
and an arbltrary cut-off was made at a point 8 miles south of the
mouth of the Toad River. From this point southward, the Buckinghorse
formation 1s used for the stratigraphic intexval of the combined
Garbutt, Scatter, and Lepine formations. Beds equivalent to the
Scattexr formation are present as a silty horizon within the
Buzkinghorse formation south of the Alaska Highway (H. Johnston,

pexrsonal communication). This horizon also carries an Ippceramug

gadottengls fauna.

Garbutt Foxmation (Map-unit 20}

Defipition

The Garbutt formation, at 1ts type section on Carbutt
Creek; 14 miles south of the Scattex River, was first named and
.described by Kindle (1944)e The Garbutt formation is underlaln
in this area by Triassic beds, or, depending on the amount of pre-
Cretaceous exosion, by Paleozoic strata.
Aregl Extent

The Garbutt formation is preserved in the txroughs of
many of the synclines within the highly folded Triassic belt,
west of the Liaxrd syncline. It is also exposed aleng much of
the Scatter River gorge and to the north on tha flanks of the
Boaver Rivexr Basin and the Kotaneelee anticline.
Litholoqgy

The Garbutt formation consists predominantly of black
to dark grey, fissile shale, locally containing abundant ironstone

concretions.
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On the Scatter River (Figure 16), the Gaxbutt formation
{s 900 feot thick, measurod from the top of the Triassic Toad forma=-
tion to the base of tho Scatter formation. Teowards the northern
part of the map-aren, a quartzose, glaucenlitic gandstone davoelops
about 150 feet above the kase.
Agg_and Gorrelation

No fossils have beesn found in the Garbutt formation.
However, on the basis of lithology and stratigraphic position,
tho Garbutt formation equates with the lower part of the Buckinghorse
formation of Lower Cretaceous age. Thin beds of bentonite occurs in
the lower part of the formation at Mile 375 on the Alaska Highway.
1t has been suggested that these bads correlate with similar bentonite
beds in the lower part of the Buckinghoxse formation at its type
saction.

Buckinghorse Formation (Map-unit 23)
- and =

Fort 8t. John Group (Mgg:ygi; D)=

The Buckinghorse formation was first named by Hage (1944)
for 3,000 to 3,500 feet of dark grey marine shales on the Bucking=-
horse River. As previously menticned, it is the equivalent of the
Garbutt, Scatter and Lepine formations in areas vhere the Scatter
formation is not mappable., Within the map-area, it occurs, although
rarely exposed, in a belt 4 to 10 miles wido on the vest flank of the
Liard syncline, overlain by the Sikanni fexmaticn and underlain by

gandstone and siltstone of the Trlassic,

Gast of the Liard syncline, the Buckinghorse end Sikanni

formations are mapped as undivided Fort St. John group (Map~unit 28).

40




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.




riassic

General Statement

The Triassic strata form a continuous sequence of
predominantly clastic sediments, divisible into three units,
which are in ascending order, the Grayling, Toad and Liard
formations. Transitional contacts make it difficult to recognize
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 %ormation 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 noxrthwest 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 occurs west of this highly folded

belt, 1.e., betwean Sulphur Creck and Eight Mile Creek. Topo-
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Fiqure 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.

|

Fiqure 16

Steeply=dipping beds of the Liard formation on the Liard
River. Covered interval on the right is underlain by the
Cretaceous Garbutt formation.




graphically, this belt diffexs from the one to the east, in that,
the elongated hills representing anticlines, sgo chaxacteristic to
tho east, are lacking here. In contrast, the mountalng are more
rugged with poaks ovex 6,500 foat in elevation. The three-fold
formational division of the Triassic is more difficult to apply
in this viestorly belt and as it was not studied in detail, it is
indicated on the msp as "Triassic undivided”™ or Map-unit 19.
Faunal evidence indicates the presence of strata ycunger than

the Liard formation at its type locality.

It is not the purpose of this report to cubdivide
stratigraphically and faunally the Triassic strata of northeastern
British Columbia. Differing opinions arose during the summer as to
where formational boundaries should be placed litholegically, 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 descripticn.
Two such projects along this line are now being carxied out by the
Geological Survey of Canada with field work by Pelletier, and a

Triassic fogsil moncgraph by Mclearn.

Liard Formation (Map—unit )8)
Refinitlon
The beds of the Liard formation wexe first included by
Kindle (1944) in the Toad formation. Latexr in an sppondix to a
papexr by McLeazn (1943), he designated the higher, massive arenaceous

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

Y
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Fiocure 17

Massive pale brown weathering cliffs of
the Liard formation underlain by dark
arey weathering Tcad formation,




iqure 18 !
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-bedded and finer grained strata. The type
section is near Hell Gate on the Liard River.
real Extent

The Liard formation, being a resistant unit, caps the
anticlinal hills of the highly folded Triassic beltv(Figure 15
and 17). Due to post-Triassic erosion, the formation is absant
on the cast flank,of the Toad River anticline. Because of heavy
tree cover, it is generally impossible to place the exact erosional
edge of the formation.
Litholoqy

The Liard formation has been described by Kindle and
McLearn (1948) as 600 feet of pfédominantly 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 the 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—
1ying Toad formation. The thickest section occurs in the southwest
part of the map area (Lat. 59° 05', Long. 125° 20*) where 1,300 feet
was measured. This sectlon includes beds younger than the type

Liard formation, possibly equivalent to the "Gray beds", or even

the Pardonet formation (Y. Tozer, personal communication).




Fiqure 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 Liaxd formation.
Age_and Correlation

The "Nathorstites™ fauna ranges throughout the Liard
formation at its type locality. On this basis, Kindle tentatively

places the Liard formation as late Middle Triassic.

Toac Foxmatlon

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

defined by him in 1946. The type scction is on the Liard River
near the mouth of the Tcad River on the east flank of the Toad
anticline, vhere 1% is about B00 feet thick. A more complete
section is present 8 miles wast, on the Liard River.

Arcal Extent

The Toad formation is present throughout the Foothills
Balt 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 thoy have been cut by antecedent streams.
In arcas 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.

itholo

The Teoad formation conslsts predominantly of dark grey

to black, calcarcous siltstone, interbedded dark grey shale and




locally minor arglllacecous sandstone and arglllaceous limestona.

The contacts with the underlying Grayling formation and
overlying Liaxd formation are gradational and due to facles changes
may shift either stratigraphically higher or lower within the
section.

At the type section, tho Toad formation is only BOC feet
thick, although here, the upgpes part has been removed below the
unconformlty. Eight miles to the west, Kindle reports the Tcad
formation to be 1,800 feet thick. The thickest observed section
occura on a high mountain south of the Liaxd River (lLat. 59* 05°,
Long. 1299 20°), wharcﬁgora than 2,200 feet was measured by Linckens
and Griffiths (Figure 553. At this locality, the upper contact was
arbitrarxily placed where the sandstcne bocomes predominant over the
underlying siltstorie and shale.

On the Crow River, twenty feot of thin to medium bedded,
grey, fine gralned sandstone is progent at the base of the Toad
formation. Ripple narks and small ecale cross~bedding are commén.
This sandstone is much “cleanexr than any sceen in the Triasslc
elsowhere in the Liard River area. Had it not been for the presence
of the poorly preserved ammonites “cf. Yenocelirites", this sandstone
would have been included in the Grayling foxmation.

Age and Coxrelation

The Toad formation ranges in age from Lower Trlassic
represented by a Wasatchltes fauna, to Middle Triassic represented
by a Beyrichiteg-Gvmnatoceras fauna,

Foasslls collected by Pelletier and the writer in 1953,

and by Wissner and Fotheringham during the past scason, may represent

twi |




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 2] Figqure 22
Predominantly siltstone and sandstone with Top of mountain shown in Figure 20
alternating resistant and recessive units, capped by beds possibly younger than

the type Liard formation.

cen
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a hitherto unknown fauna zone. Until McLearn's monograph 1s

published, 2 detailed fauna correlation will not be attampted,

sravlina Fornats
Definttion ;

The Grayling foxmation was proposed by lu:xdlo (1944)
for the Triassic shales undorlying the Toad formation on the
CGrayling Riverx.
Areal Extont

The Grayling formation is rarely exposed in the Foothills
belt. MNorth of the Liard River, however, the Giayling formation
forme a wide outcxop area, dus in part, to the eroslon 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 ares is
highly forested, and it is possible that locally, the Toad forma-
tion may be present, although only the Grayling formation is shown
on the map. |

The Grayling formation thine northward due to erosion.
The moet northern cccurrence is uncertain but it probably extends
to the Beaver River.
Litholoay

The Grayling formation consists predominantly of shale,
calcarcous in part, medium grey to brownish-grey in color. In
general, the Grayling formation weathers a brownish-grey in contrast
to the dark graey to black weathoring of the Toad formation,

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

comaon. A charxacteristic Zeature of these sandstone beds are the




abundance of “lobate rill marks” (Shrock, 1943, p. 131, Figure 92)
on the undersurface of individual beds. Similar bedding structures
are well illustrated by Pottijohn (1957, Plate 34). These "sngtulate
or lingual~shaped rill marks" are essentially the down =4 protrusion
of the sandatone beds into the underlying mudstones The consistoncy
of orientation and lineation certainly suggest current oxigine Shrock
ascribes these structures to the "ebbing tidal currents or retreating
storm wavas™, 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 souxce arca.
Aae gnd Correlation

Fosslils are rare in the Grayling formation, however, the
presence of glg;gin,ggnghgg collected by Kindle places the formation

as Lover Triassic.

PALEQZOIG

The format used in describing the Mesozolc formgtions
will not be followed for the Paleozoic strata because thero 1s less
certainty as to tho age and correlation of the individual map-units
compared to that of the Mesozoic wap~units. Instead, each unit or
formation (when named) will be discussed under a general heading.

No new formational names are proposed in this report.
The proposal of such names i» a matter to be handled by the

Geological Survey of Canada, oxr by private companies only when

followed by publication in a xecognized journal following approval

i
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by a stratigraphic names committen. Baecause of the foregoing, each
individual stratigraphic unit is assigned a number to reduce con-
fusion and uncertainty with respect to correlation with formal
stratigraphic units in outside areas.

Only one complete section of Paleozolic carbonates
(Figure 23) was measured in the area. Other partial sections are

correlated to this section using it as a standard,

Carboniferous and Permian
General Statemgnt
Carbonifercus and Permian strata were first reported
in the Llard Rivor area by McConnell (1891). Kindle (1944) found
Permian and Carboniferous fossils at Mount Merill, north of the
Beaver River. To the south, Willlams (1944) described Mississipplan

and younger Paleozoic strata on the Alaska Highway in the vicinity

of Mile 332. No formational namas were proposed for the strata at
any of these localitias.

Laudon and Chronfic (1947, 1549) applied the name Kindle¥*
formation for all of the Mississipplan and younger Paleozoic strata
occurring along the Alaska Highway between Mile 330 and Mile 430.
The Kindle formation was later restricted by Sutherland (1923) to
excluda a chert unit averaging 150 feet in thickness at the top of
the succession. This chert unit remained unnamed by Sutherland.

Patten (1953) descxibed a section of Mississipplan end
younger Paleozoic rocks southwest of Naghanni Butte, at Jackfish Gap.
He proposed the name Mattson formation for this thick sequence which
consist predominantly of sandstons and locally, limestone and shale.

*Not to be cunfused with the Mount Kindle formation
(Upper Ordovician) of the Franklin Mountains.
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View looking northwest along 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
background 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 picture.




Spores collacted 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 1558, had tho 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 Migsissippian, through the Pennsylvanian to the Pexmian.

Underlying the Mattson formation at its type locality,
there occurs, in descending order, an alternating liméstone-shale
unit, a predominantly shale unit, and a platy, argillaceous
sandstone unit, which are to be named by Harker (1959, 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 foxmation 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 Misslssipplan.

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

are approximately 350 miles apart.

Map-Unit 15 (Fantasque Formation)

Locally, overlying the Mattson formation, is a unit
consisting of medium bedded, laminated light and dark grey chert
snd intezrbedded silicified shale. On the La Biche River on the
westexrn flank of the La Biche Range, the chexrt is overlain by

fine gralned, grey, mottled sandstone and shale. These two units
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constitute the Fantasquo formation (Haxker, 1999). On the southexrn
part of the Liard and La Bizhe Rangos, only the chert 1s present.
To the west, tho unit 48 thin, non-resistant, consisting predominantly
of silicified shale and for mapping purposes 1s included within map-
unit 14, On the northern part of the Lierd and La Biche Ranges thé
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 1% overlies the Mattson formatlon unconformably

and in turn, is truncated by a post-Paleozolc unconforaity.

Mattson Foxmation (Map-unite 14 and 14a)

The Mattson formatlon was named by Patton (19%8) to include
3,734 feat of strata occurring at Jackfish Gap (Lat., &0° 83', Long.
124° 10*). Tho formation is overlain by the Permian chart unit {Map-
unit 15), or where this is absent, by the Crataceous.

Tn the western part of the Liaxd River area, the formation
can be divided into two units, l4a 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) dirxectly 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 minox
interbedded non-calcaroous shale. Thls unit forms a distinctive,
resistant horizon and as such, can be traced over much of the
western reglon. A detalled section of this unit was not measured,

but it is estimated to be in the order of 500 feet. Douglas (1959)
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assigned this unit (which in his report {s Map-unit 4a) to the
Devonian, but the presence of a Mississippian fauna below the sand-
stone in the Toad River #1 well definitely places 1t as Missiseipplian
or even younger.

Map~unit 14b which overlies the basal sandstone of Map—=
unit 14a is less resistant than the underlying unft. 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 “sooty" shale and shaly siltstone. Wissner and
Fotheringham measured 713 feet in the core of the Weat Scatter
anticline, of which the upper 20 feet, consisting of chert and sfllci-
fied shale, is equivalent to Map-unit 15. Upper Mississippian fossils
wore collected near the top of Map~unit 14b at this locality.

The thickest section (4,582 feot) measured to date occuxs
at Tika Creak, 32 miles due north of Fantasque Lake. The Mattson
formation thins to the west, and in the vicinity of Larsen Lake is
reduced to about 1,500 feet. The Mattson formatlon is also rapidly
bevelled' to the east, where in the Trout River map-area, the Lowar
Crataceous lles dixectly on Upper Devonian strata (Douglas, 1659)

Mgp-unit 13

Map-unit 13 was not examined during the 1959 fleld seasons
It crops.out north of Fort Liard (Douglas, 1959) where it consists of
wedium grained, crinoidal limestone {nterbedded with dark groy, argil-
laceous limestone. These limestones apparently grade to ghale to the
west where they are included as part of Map-unit 10. In the subsurface
to the cast, map-unit 13 would be equivalent to the Missigsippian

limestones underlying the Stoddart group.

-

Ul




60U

Figqure 25

Calcareous siltstones and shales of
Mississippian age near the mouth of
Eight Mile Creek, south of the map-
area.




Unit 12 (Kindle fo on)

By tracing the broad, structural features from the Alaska
Highway at Summit Lake north to Toad River, Mississippian strata
have been traced by alr photo studies into the southeastern part
of the map-area. Outcrops of the Mississipplan belt, where it
crosses the Toad River, south of the map-area werc examined by
Wissner and Fotheringham. The rocks consisted predominantly of
6ilty shales and very axrgillaceous and arenacocus limestsnn, (Figure
25) and resembles much of the Triassic. These beds are equivalent
to the Kindle formation on the Alaska Highway (Sutherland, 1953)
and possibly represent in part, a facias change of the Mattson

formation to the north.

Map=unit 11

Map-unit 11 is shown only on the cross-sections where
it lies between the "Exshaw formation'" and the Mississippian
carbonates. In this respect, it would be equivalent to the Banff

formation.

(Devonian and Mississippian)Map-unit 10

Map~unit 10 conslsts mainly of dark grey to black shalej
the basal part, vhich ranges from 100 to 300 feet thick, is haxd,
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 weathering has a dark blulsh-grey
tinge. With increase of sardstone interbeds near the top, this
map-unit grades transitionally into the overlylng map-unit l4a,

of the Mattson formation. Tentaculites arxre common near the base

B i
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of Map-unit 10 on One Ten Crook, south of the map—area. On the

Boaver River, Tentaculites are found at least X0 feot above the
basea.

In the Toad River well, B15 foet above the base of
Map-unit 10, a well presexved spacimen of Protoganites indicates
o Mississipplan (Meramscian) age. Abundant anaptychi* are present
100 foot above tha base of this unit in the Toad River well. These
plates werc also observed in outcrop saction 100-150 foet above the
base at Toad River hot springs and about 400 feot above thoe base on
the BDeaver River. ' Stelck favors a Mississipplan age for these
anaptychi, although this age determination is not diagnostic.

From the foregoing, hewaver, it is obvious that the
Miasissippian-Devonian beundary occurs within the shale of Map~unit
10. This unit ranged in thicknass from 950 feet to 1,420 feet in
outcrop section compared to an equivalent intexval of 1,900 foet
in the Toad River welle On the Plalns to the east, this pre-Upper
Mississipplan/post-Middle Devonian intexval is represented by mere
than 5,500 fect of strata of which approximately 3,500 feet is Upper
Devonian, 1,200 feet is Kinderhookian shales and 800 foet Mermacian
carbonates.

Such thickness relaticnships from east to west suggest
that the Mlssissippian-Devonian boundaxy is represented by an uncen~
foxmity along which much of the Upper Devonlan is missing due to
erosion or non-deposition. This unconformity is discussed more fully

in a latexr section of this repoxt.

#Single horny plate which forms the ape:cntufe covering of amumonites.




Map=unit 9

Map-unit 9 includes all the Paleozoic formations balow
Map-unit 10 in the western part of the map-area where lack of out-

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

Map~upnit 8

Maj~unit B represants the first carbonate below the shale
of Map-unit 10. It is exposed along the west flank of the 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 budded to massive, fine to micro-gralned,
medium to dark grey limestone. On the Crow Rivex, near the top of
the formation, there in 7' of coarse gralned, crinoidal iimestone,
underlain by 21' of porous, coarse gralned dolomite. Much of tho
remaining section on the Crow Rivexr consists of fine grained dolomite
and intexbedded limestone« On the Beaver River, the unit is even
more highly dolomitizede Coomon to both the limestono 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 axlal cansl.

Inmedistely east of Larson Lake, N.i.T., a coral fauna
(Disphyllum, Favosites and Prismatophyllum) was collected at the
top of this unit. Waxren and Stelck commiented that “the environ-
montal fauna association and presoxvation indicated the proximity
to a reef". Tho unbroken condition of the delicate corallines

indicates that these fossils were preserved "in situ”.
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Eigure 26

"Pinnacle-type" weathering of the top part of

the Nahanni formation (B) 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 ridge and the outcrops in the foreground.




1t 1s notawoxthy that Map-unit 8, where dolomitized,
is more porous than its limestone countexpart. In genexal, in
aroas of low dip, and in particular, where the unit is dolomitized,
the upper part tends to weathexr in "pinnacle~type" topography
veadily distinguishable on alr photographs and illustrated in
Flguyre 26.

Map-unit 8 is correlated with 829 feet of limestone at
One~ten Creek on the Alaska Highway, there referrad to as Unit D
of the "Ramparts formation"* by Laudon and Chronic (1949). This
unit equates with the interval 5,270 to 6,070 feet in the Toad
River #1 wall and with the Nahanni formation on the Nahanni Range,

HeWeTe

uap4unit 7 consists of a thick.sequence of banded dolomites
undifferentiated in this report, believed to be equivalent to the
Rear Rock - Lone Mountain formations,

This unit is composed predeminantly 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 milos north of the Grayling River on the Vest

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

by Wigsner and Fotharingham.

#The "Ramparts formation" as used by Laudon and Chronic includes
the Nahanni, Bear Rock and Lene Mountain formations and an
underlying sandstone unit.




QRDOVICIAR
Mem-unit 4
Undexlying Map=unit 7 on the West Grayling uplift, a
separate unit was mappedy it is believad to be equivalent to the
spuncho-McConnell” unit (Nisley, 1950, Laudon and Chronic, 1949)
on the Alasks Highwaye
This unit consists essentially of alternating light and
dark grey, very fine to medium grained dolomites The uppexr and
lomexr parts weather to ¢ distinct buff color, whersas the thickex
middle part is natably banded 1ight and dark grey weathering.
Although Laudon and Chronic (1949) tentatively assigned
the "Huncho-McConnell® unit to the Devonlan, it may possibly be
Upper Ordovician reprasenting a facles of the underlying fossili-
ferous dolomite of map—unit 3.

Map=unit 3

pndoxlylng the dolomite of Map-unit 4; there occurs a
porous, reefoldal unit, commonly referred to as the_"ﬂalynites-
Favosites horizon™s This unit on the West Grayling structure
consists of B to 20-foot masnive beds of daxk grey to black
weathering, blostromal, fossiliferous, porous dolomlite alternating
with B5-foot beds of light groy weathering, non-fossiliferous dolo~
site (Figure 27). The biostromal units are composed of abundant
recrystallized coral, algae, and stromatoporoids.

Lithologically similar beds occur along the Alaska
Highway and are there referred to as the “Ronning formation™

(Laudon and Chronic, 1949). $imilaxr beds are also present at
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Dark grey to black weathering blostromal
dolomite alternates with light grey weathering
non-fossiliferous dolomite of Map-unit 3.




Redfern Lgke (H. Johnsten, 1$53) and to the north on the Nahanni
Range. North of the Nahanni Range, in the Franklln Mountains, this
unit 1e Yeferred to as the Mount dndle formation.

; Generally, fossila from this unit are so highly recrystallizoed,
that it is difficult to make positive identification. This unit,
although long thought to be Silurian, is now considexed Uppax Ordo~
vician in age, substantiasted by a Bastrice sp. collected this sesson
on the West Grayling uplift. Upper Ordovician fossile have also been
found in the aforecmentioned similar unit cn the Hehanni Renge (He J.

W. Douglas, personal communication).

BRE=UPPER_ORDOVICIAN
Map-unit 1
Directly underlying Map-unit 3 is a haxd, white %o

pinkish-groy quartzite (Figure 31). The rock is composed of fine

to medium grained, rounded quartz graine completely indurated with
4 quartz cement. A pebble conglomerate was reported by VWissnse and
Fotheringhem within the uppex 50 feet.

This quartzlte L1s exposed along the West Grayling
uplift at two localities, cach sbout 8 miles long, gaparated by
@ distance of 6 mlles with no quartzite exposure. The non=tontinuity
of this hard resistant unit above the VWest Grayling fault suggests
elther 1rregular rellef on the surface of the quartzite, ox an undulating
fault plano.

Ths age of the quartzite Lic not known but it is belleved
to be one of the oldest rock units in the area, at least pre-Upper

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

Beavar River shows different and additional units than wore en-
countered on the West Grayling uplift, hence this area is discussed
separately.

It is Impossibie to measure a complete and unbroken
sequence from tho youngest to oldest strata, as at least one, and
possibly three, major faults transect the arca. Other structural
complications occur immediately south of Beaver River in the vicinity
of a syenitic intrusion. By moasuring several partial sections along
the Beaver Rivex and knowing tho major structural trends to the south,
it was possible to construct a composite section of the stratigraphic
sequence in the area.

A brioef summaxy of the composits section along the

Beaver River 1s as followisi

Map-unit 13 (Mattson formation)

Sandstone, quartzose, light grey

to wedium brownish-grey, very

fine to medium grained. 55 +
(Uppex part not measurced)

idap~unit 10

S8hale, dark grey to black; fissile
becoming more platy near base
with siltstone in lower 100 feotl. 1;425"

Map-unit 8

Dolomite, light groy to medium and
dark greys fine to medium gralned,
locally coarse gralnad, good
intercrystalline to vuggy porosity. 730" 2




Map=unit 7

Dolomite, light and dark grey, fine
10 medium grained, banded light
and daxrk grey weathering. 1,418° ¢
Base not exposed.

Remaindexr of section measured to the viest, on a
different fault slice. The contact with, and lnterval between,
Map-unit 7 and Map-unit 6 was not observad.

Map-Unit &

Siltstone and shale, slightly dolomitic

dark grey to black, very hard and

bxittle, locally chexty, very thin
bedded, large calcareous concretions,

Mongaraptus.
Map—-unit O

3
o

-
+

Sandstone, white, vexy fine grained,

to silty matrix with “floating®

soarse quartx grains, much inter-

bodded colomite in lower part. 530°
Map~unit 4

Dolomite, daxrk grey, fine to madium
grained, medium to thick bedded. 600!

Base not exposed.

Although much of Map-unit 10 is not exposed, the overall
interval has expanded by about 435 feet relative to sactions to the
south. Abundant Taptaculites were found up to 300 feet above the

base overlain by shales containing anaptychi.
Map-unit 8 (Nahanni formation) is completely dolomitized

in this region. In outcrop, much of the soft, friable, granular
dolomite appears to contain a high proportion of gypsum or anhydrite,

howaver, specimens submitted to the Geological Survey of Canada for




chemical snalysis indicated no sulphate. Locally small crincid
stoams with a double axial canal are abundant as they are in the
limestone to the south.

More than 1,400 feet of Bear Rock = Lone Mountaln
equivalent was measured, although the base was not xeached. The
lithology is similar to that in the south, chzractexrlized by the
typical light and dark grey weathering dolomite alternations.

The lower part of the section was measured to the west
on a different fault slice. Unfortunately, the contact and any
intervening strata batween map-units 6 and 7 vere not examined.

Map=unit 6 consists essentially of black shale or
siltstone carrying a Middle Silurlan graptolite fauna., Large
calcareous concretions with a "mammary-type™ top are common
locally (Figure 32 and 33).

Undorlying the 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™
foré;tion by Laudon and Chronic, 1949, and at Redfern and Tuchodi
Lakes by Jchnston, 1954), Map~unit 5 is also correlated with an
arenaceous unit on the Nahannl Range which contains an Uppex
Ordovician fauna (R. J. We Douglas, 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 foet of grey, fine gralned dolomite, contalning Macurlites and
Actinocorag of Upper Ordevician age. The base of this unit was

not exposed.
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"Mammillary-type" calcareous concretion in
black Middle Silurian shales (Map-unit 6).

Fiqure 30

Cross—section of the same concretion
as above 1llustrating how the bedded
shales are bent around the concretion.




The "Halyesites~Favosites® unit does not outcrop along
the Beaver River where traversed. It 1s believaed that this coral-
line unit would underlie the Upper Ordovician dolomite of Map-unit 4,
if the correlation of this latter unit to the south is cerrect.

South ¢f the Beaver River, along the western border of
the map-orea, a sequence of red shales; argillitesy; and sandstones
crop out. These beds (Map-units 2 and 2a) are correlated with
similar rod beds in the vicinity of Muncho Lake, tentatively
agseigned te the éambr&an on the basls of thaif 1ithology and
stratigraphic position (Laudon and Chronic, 1949). Lithologic
similarities to strata in Waterton Rational Park, however, suggests
a possible Beltian age (Douglas, 1959). These beds thin rapidly to
the cast and probably overlie the quartzite of Map~unit 1.

Much of the western and northwestern part of the map-area
was not studled in sufficient detail to warrant further comments on
the stratigraphy or structure. North of the Beaver River, however,
much, 1f not all, of the Devenian carbonates grade to a shale facloes.
A similar facles change occurs vest of the Kahanni Range. It is
possible that these two areas are part of the same shale basin.

Thermal Hot Springs and
Thair Geological Significance

Thermal hot springs are common in the area extending
from Toad River north to the South Nahannl River, a distance of
more than 150 miles. Geologically these hot springs &ro most
interesting, occurring always at, or near, the contact between the

Nahannl foxrmation and the overxrlying shale of Map-unit 1C.
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Racent calcareous tufa deposits (Figure 21) up to 30
feat th;ck, surround many of those springs forming hot wmatex
pools more than 10 feet deep and B0 feet in diametex.

Whexre these hot springs were obsexrved, the bedrock
formations wore east dipping. The carbonates underlying the
shales of Map-unit 10 are oxposed at the surface to the west.

It is belleved that meteoric water percolates downward within

the carbonates increasing in temperature, in accordance mith the
temporature gradient. Upon reaching the impervious shale unit,
the water tends to rise to the surface along this carbonate-shale
contact. | J
Any progpective structures east of this line of hot

springs raquire a synclinal area or regional dovnwerp sufficient

to exclude such moteocoric waters.
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Recent calcareous tufa deposit formed by
one of the many hot springs which occur
along the contact of Map-unit 8 and Map-
unit 10,




—"-—%'

bo- i =
Fx

IGNEQUS ROGKS

Mag-unit &

Four miles south of the Beaver River in the northwestern
part of the map-area, a massive, reddish weathering syenitlc body
is presont (Figure 32). The syenito is composed predominantly of
reddish, coarse grained to very coarse gralned, K-feldspar with
minor occurrencas of. chlorite after biotite. Surrounding the
syanite axe hard quartzites and finely banded, greenish argillites.

Small xenolithe (Flguro 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

sedimontary rocks is uncertain and would require detailed mapping
{n the vicinity of the igneous body, of which time did not pemmit
during the past field season. It is belleved, howaver, that the

syenite is either Devonlan or pre-Devonian.

Map-unit B ]

A dark grey to dark greenish-grey volcanic xock crops

out in at least six localitlies in the noxthwestern part of the
map-axrea. The rack, volcanic in orlgin, has a micre~grained to
aph#nic pmatxix with phenocrysts of clear, euhedral, sanidine
foldspar and locally clusters of euhedral crystals of black
hornblende.
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Fiqure 32

Reddish weathering coarse grained syenite of Map-unit A.
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Fiqure 33

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




Two of these bodies were studied in detail. Both were
roughly cixcular in outline, approximately one~half mile in dig-
meter (Figure 34). A total of 350 joints were measured on those
two stocks. Two sets prodeminate, one radial and one concentrice
The concentric set forms steep, nearly vertical cliff faces
(Figure 35). The radia)l joints less prominant than the concentric
set, also dip stoeply, commonly only 20 degrees from the vertical
(Figure 36), On a complete traverse of thuae‘bodies, both con=
centric and radial joints were observed to change strike 360
degreas.

One of tho bodlies examined pfobably intrudes Triassic
sediments although thexe are no immediats adjacent outcrops.

The other body intrudes map-unit 14a of the Mattson formaticn.
The sandstone of thiz unit immediately surrounding the body 18
motamorphosed to & highly fractured quartzite.

The lack of boulders of Map-unit B in nearby creeks
suggosts that these ¥plugs" were not foeders to an extensiva

flow in the area, as suggested by some authoxs (Douglas, 1939, a).

FRY)
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Fiqure 34

Stereoscopic view of one of the basic volcanic intrusives.
This rounded "plug" stands approximately 200 feet above the
surrounding map-unit ld4a through which it intrudes.




Figure 39

Concentric joints form this steep
cliff face on a volcanic stock.

Fiqure 36

Poorly developed radial joints dip vertically
in center of picture and cut the concentric
joint face which lies in the plane of the .
picture. Other secondary joints are
developed at this locality.
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UNCONFORMITIES

Several major unconformities are present in the
Liard River arca and undoubtedly othexr minor ones are also
prosant.

One of the most widespread of these unconformities
vccurs at the base of the Crataceous, Its affects can be noted
by the bavelling of the Triassic strata acxoss the map areas In
the Trout Hiver map-area (Douglas, 1999, b) the Cretaceous lias
directly on the Devonian., This increased bevelling may be due
in part by the additional effect of pre~Ixrlassic and pre-Permian
erosion.

Another unconfoxmity 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 - Lewer Mississipplan intervel is extremely thin compared
to the Flains section to the east. It is suggested that a structuxal
*high" cccurred in this region xesulting in much of the Upper
Devonian strata removed by erosion. Much of the Lowex Mississippian
is also missing due elther to erosion or non~depeslition. Fligure 37
illustrates this “high" formed by geanticlinal~type positive area
whereas Figure 33 suggest the "high" is due to block faulting,
possibly basement controlled. The final result of erosion and
missing section in the westexrn region would be similar in eithex
case. In the first case, possible onlap of the Migsissippian may

ocecur on the flanks of the "high“. In the second case, local
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downwarp assocliated with the block faulting may produce a
relatively thick Mississipplan section immedigtely cast of the
fault. Reglonally, the geantlclinal=type "high" is favored ovor
the block faulting type.

Another widespread unconforxmity occurs at the base of
the Devonian. This uncoenformity extends from the Lliard Rlver area
and the mountains to the noxrth, castward to the border of the Prew-
cambrian Shield.

In the Upper Beaver River axea, the presence of Middle
Silurian shales overlying Upper Ordovician dolomites indicates
another unconformity. Little is known of the pre-Upper Oxdovician
stxata in the map-area, however, to the south, near Summit Lake,

a major unconformity occurs between bedded Paleozoic strata and

metamorpliosed, presumably Precambrian strata.
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STRUCT URAL_GEOLOGY

Genera) Statement
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 colncide with physiegraphic
boundaries. For example, around Fort Liard, structures of the
Liard Plateau continue south beneath the Plains area (Douglas,
1659, p. 17).

The structures of the Rocky Mountain Foothills of
this area are characterized by tight, northwest trending, doubly
plunging symmetrical anticlines and synclines. Unlike the
Foothills of Alberta, faults are 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 o7 the
Foothills belt, are broader and more open. The chiange of structural
alignment, noted in the Foothills, continues to the southern part
of the Liaxd Plateau where many of the structural elements strike
northeast. North of the Beaver River, the allgnment reverses
back to a generally northern direction. Associated vwith, and
apparently relatad to the change from northwest to northeast, are

numerous east dipping thrust faults. The east dipping nature
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of these faults are apparently characteristic of this region,
whoroas west dipping faults provail in the southern Foothills
of Alberta and in the McConnall Mountains to the north.

The tight folding, characteristic of the Foothills
Belt, does not necessarily reflect similar folding in undexlying
competent strata. This is well illustrated on the Liard River
near Devils Portage, whore a simple anticline of upper Paleozoic
strata plunges into a scries of hlghly crenulated Triassic strata.
In the Liaxd Platesau, however, the folds which expose Carboniferous
strata at the surface generally exhibit similar folding within the
underlying formations, illustrated on the Grayling River vihere
the Nahanni formation is exposed in the core of an anticline
which is flanked by Carboniferous strata.
Bovie Lake Fault

In the northeastern part of the map-ares and contlinuing
east of the map-area, the Bovie fault brings gently west~dipping
Carboniferous strata to the surface. Texaco Exploration Company
drilled a well north of the British Columbia border, bottoming in
the Mattson formation and are currently drilling a second well
south of the British Columbia border on this structure.

Between the Bovie structure and Fort Liard lies the
Petitot River syncline, Llard fault and the Liard anticline
described by Douglas (1959) but not mapped in detail during the

past fleld season.




Liard Syncline

The Liard syncline is a major structural feature vhose
axis follows a sinuous course from the south boundary of the map-

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

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

by the Upper Cretaceous Kotanecelee 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 1ts
westward asymmetry to the north.
La Biche Synclipe

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 Rarge, underlain mainly by the Mattson

formation, s formed by a compound anticline. The southern segment
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Pan-American Beaver River #1 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.

|

Figqure 40

The Scatter formation plunging south

. along the Kotaneelee anticline beneath
the ovexrlying Lepine formation on the
Beaver River.




Ficure 41

Fiqure 42

APR . 60

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 certer background (Figure 46) and the west flank
of the La Biche anticline in the left background.

APR ] 60

Asymmetrical La Biche anticline showing the

low-dipping beds of the Mattson formation on
the east flank becoming steeply-dipping on
the west flank.
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consists of two anticlinal structuresy the westerly one
referred to as the La Biche anticline (Douglas, 1959), and

an easterly previously unnamed anticline, here called the East
La Biche anticline (Figure 41 and 42). This easterly anti-
cline warrants a scparate name, as it can be traced south,
bencath Cretaccous cover, to the Liard River. Both anticlines
have a gently dipping east flank (10 to 15° and a steeply
dipping west flank (50 to B80°), underlain oﬁ the west by an

east-dipping thrust fault.

Beavercrow Anticline

The Beavercrow anticline is a wéstward asymmetrical
structure, probably underlain by a nortb;est trending, east
dipping fault of small displacement on Lts west flank. Dips
on the east flank range from 20 to 30°‘in contrast to those on
the west which range from 60 to 80°. ﬁaximum east-west closure
is in the order of 3,500 feet. Unlike the Kotancelee 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

0il Company.




Hest Gravling Fault

The West Grayling fault 18 a major north-trending ecast=
dipping thrusgt fault which has an approximate throw of over 8,000
foete In areas of maximum displacement, haxd quartzite bads of
Map~unit 1 of pre~Upper Ordovician age ere in fault contact with
Uppexr Devonian and Misslssipplan strata. The fault can be traced
from the Orayling River north to the Beavexr River, a distance of
5C mlles. Along the Woest Grayling uplift the Paleozolc strata dip
gently east and may represent the cast flank of an originally
broad anticline.
Heavox River Fault

Tho Beaver River fault, ancther majer cast dipping
thrust, parallels the West Grayling fault, 5 miles to the west.
It may be traced noxrth fo the area of syenitic intrusion vhere it
is lost, although it may possibly Jein a nertheast trending fault
in that area.
Hestern Region

fivst of the map-area, another major fault occurs, which
on the Beaver Rivor, thrusts Upper Ordovician dolomite over shale
and goal beds of possibiy Carboniferous or Crotaceous age. Extended
south, this fault follows the linear trend of the Toobally Lakes.

In the scuthwestern part of the map-area, several synclinal
mountains (Figure 43, 44, and 45) stand out as "islands” in the
adjacent forested area of low relief. These synclines, mumnant of
the high folding to the east are flanked by the resistant Liard
formation (Figure 46) and commonly have the Garbutt formation pre-

sexved in their troughs.




i’

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

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

map, vere recorded from alr photographs.




APR . 60

Figure 43

Isolated synclinal mountain capped by the Liard formation
and underlain by the darker weathering Toad formation.

Fiqure 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.

A




Figure 45

View looking north along syncliinal
mountain as illustrated in Figure 44.

Eiqure 46

Resistant sandstones of the Liard formation
flanking the syncline shown in Figure 495.




CONCLUSIONS

The detailed mapping and stratigraphic study in the

Liard River area has led to the following conclusionss

1) The tight folding of the Triassic in tho Rocky
Mountain Foothills does not necessarily reflect similar folding
in the underlying Paleozoic formations.

2) Simple anticlinal structures (i.c. Beavercrow
anticlines) on the Liard Plateau, will, on the other hand, reflect
similar folding of the underlylng strata.

3) The change in structural alignment, the prevalling
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 castern 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 o 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

reservolr within the Liard Basin.




7) The Mississippian carbonates underlying the Mattson
formation are difficult to assess, however, unpredictable porous
lenses may oOccur.,

8) Development of porosity in the upper part of the
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.
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