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VILL

ABSTRACT

The pre-~Jursssic tectonic evente of the aree controlled
the nature of sedimentation. These tectonic events were the
result of movements of the members of the tectonic framework.

The nature of the tectonic fremework was established during
Beltian sedimentation and was inherited by the Paleozolc era.
During the Poleosolc era, the movements of verious members of the
tectonic fraﬁewPrk resulted in four sequences or cycles of sedi-
mentation.

Tectonism and ite control upon sedimentation from
Beltien to pre-Jurascic time is shown es Beltian sedimentation
and the succeedins sedimentary ey cles are discussed. Type loco=
1ities are defined for the Belticn and Paleoszoic strate of each
sequence &s they occour in the area. Problems of age determina-
tion for the stratigrephic units are discussed and the correlo~
tion of these units within and beyond the arec presented. These
correlations show the relationship of the stratigrephic nomen-
elature of Montene and Alberte.

Since the thesis is mainly limited to jublished

S
information, it indicates the present status of published

geological thought in the ares.
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FRE-JURASSIC SEDIM:WDATICN, TECTUIISH AND STRATICRAPHY
I SOUTHER] ALBERTA

AND ADJOINING ARFAS OF BRITISH COLUMBIA AND MONTAIA

Chapter I
INTRODUCTLON

This theeile presents an intecrated study of the pre-
Jurassic etmtigl,mphy and sedimentetion in southern Alderta and in
the adjoining areas of British Columbia and Montanas, An atterpt
is made to relate the cause—-the tectonism, to the effecte-the
gedimentation., In most stratigraephic studies it is necessary to
induece & regional concept based on specific evidence, Such a
regional concept of the stretigraphy and sedimentation has Dbeen
gradually derived for the thesis area, although certain unsolved
stratigraphic probleme break its continulty, Where a straticrephic
p:'oblam exists, one or more hypotheses which atterpt to satisfy
the gpecific evidence and yet fit harmoniously into the regional
concept are presented, This theals seeks to present the regional
concept and examine the various hypotheses in the light of
accumlated knowledge now aveilable in published material,

The thesis area is defined ms the ares between the L48°
and 50° parellels west from the fourtﬁ neridion to the western side

of the Rocky Mountain trench (see Figure 1), In the body of the
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thesis, the term "the area® is used synonomously with the temn
"the thesis aren." This particuler aren wes chosen in order

that the thought of both American and Canadian geologists regarde
ing the gealogical history of this part of North Americs could
be utilized; also, the Cansdien nomenclature could be correlated
with the American counterpart. The area is suitable for g study
of this nature as it contaiﬁs portions of the two mejor tectonic
unite~wethe ¥orth American Cordilleran geosyneline and the llorth
American interior craton, and two of the minor tectonic unitg~
tontanis, and thé Sweetgrasec arch. Three other minor tectonie
 units--the Centrel Montane trough, the Willliston besin and the
Wyonming shelf--ore nearby, The interrelated movements of these
units strongly influenced the nature of sedimentation and, there-
fore, the stratizraphy of southern Albertn, southesstern British
Columbia and northern Montana.

The Pre-Cembrian and Paleosgoic siratigraphy of the arsa
is outlined in the following chapters, For each perlod or sedi-
mentary sequence & stratigraphie type locelity lis established, and
the straticraphic units of the type locality are define@. The
stratisraphic seetion at the type locallty ls correlated with other
sections within and beyond the area, Special attention is drawn
to local differences in nomenclature, Finally, an attempt is made
to relete the distribution and lithology of the various stratigrsphic

units with the tectonic svents which governed their deposition.



Many of the siratisrephic end sedimentary problems
which gtill exiet in the ares are outlined. Undoubtedly some
of theee problems have been solved by individuals and orgonizo
tions who have not as yet publisghed their findinge. Since this
thesis utilizes mainly published inforwation, 1t serves %to
illustrate the present position of vublished geological thoucht
and data pertinent to the mrew and to present & comprehensive

study of its sedimentation, tectoniem and stratizraphy.



Chepter 11

THE BELT SERIES

The Belt meries, which is the lowest stratigraphic
division to outerep within the aree, consists of clastic and none
clestic sediments with minor laves and intrusive rocks. Portions
éf this series ouberop in British Columbis, Alberta, Ideho and
Montana; their distribution in the area being restricted to regions
lying south of the Crowsnest Pass, and along the Rocky Mountein
$rench. The Belt series in the areo rests in progressive overlap,
lying uneonformab/ly on Archean rocks (Walcott, 1906, p.18), The
Belt series in turn is unconformebly overlain by Paleogoic formae
tions (Deiss, 1935, p.122).

The rocks of the Bel: series were first described by
Dawson (1875, pp.67-68) who mssigned t}iem to the Cambrian end
younger systems, Dawson's work wae followed by degeriptions of
the series by Beusrman (1885, pp.l-41) and then Waleott (1899,
P.201), who named the series., However, the first detailed work
was done by Willis (1902, pp.305-352) who mssigned the Belt series
to the Algonkian pericd, A detailed regional study of the Belt
series published by Fenton and Fenton (1937) provides most of

the information for the Pre-lambrien portion of this thesis.

The regional study of the Belt peries (Fenton and

Fenton, 1937, p.1877) reveals this series to have various facies
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the Belt Mounteins and probably the Little Belt

gectlon; extends westward to Prickly Bear Creek,

Distinguished by great thickness of the Spokane and

presence of Greyson member at its bmse. Iklg. 3; £ec.l3 and l@

Blackfoot Canyon Facles
Charascterized by development of Grinnell and

Appekunny silt-clay argillites in place of the cale
careous Chamberlain and by great thickness of Siyeh,
Spokane, and Sheppard or Helena, called "Upper

- Siyeh" by Clapp and Deiss. [Fig. 3; Sec. 12]

/

>

. Davelopment ¢of the series in Glacier National

Park, Montans, Waterton Lakes National Park, Alberte,
westward to the Flathead trough., Grades into the
dominantly clastic Purcell facies. [Fig. 3; Sec.

alton Facies
A transitional stage between the Glecier Park
and Purcell facies, Distinguished from the former
by more clastics in the Siyeh and Helena; from the
latter by finer clastics below the Siyeh and pres-
ence of Altyn siliceous dolomites. [Fig. 3; Sec, 7]

] cleg
Marked by abundent clastics throughout, with
reduction of carbonate rocks. Quartzites, thick in
lower portions, reach the known base [lowest observed
member] of thse Belt. [Pig. 3; Sec. 5 and éﬂ

Coeur d'Alene Facies

Closely related to the Purcell. Characterized
by sandstones and ergillaceous beds throughout the
Striped Peak (= lower Spokene), by reduction of
carbonate rocks in the Siyeh equivalent (lower
Wallace), end by tripartite division of the Ravalli,
which is clastic throughout. @iz, 3; Sec. 1



The intsrrelatienahip of the wvarious facles of the Belt
series will not be discussed further, However, the Belt series,

as it is developed in the Glacier Park facies, will be described

in detall in the following ssection.

The Glacier Park focles is arbitrarily defined ss the
-type section for the Belt meries within the area, for the follow~

ing reasons:

1) The stendard section for this series is in the
Belt Mountains, south of the ares

2) 'The Glacier Park Facies occupies an inter
mediste position between Cansdisn and American
occurrences of the series

3) The Glacier Park section is better known to
Cenadiean geologists than other American sectiouns
of the series

4) A fairly compleis section of Beltian sediments
is in Glacier Park

The following description of the Glacier Park Belt
section (see Figure 3; Section 8) represenps extracts from
Fenton and Fenton (1937, pp.1880-1904), The definition of
each member, formation, and group is presented and the type

locality of each stratigraphic unit is given, Igneous units

which occur in the Belt series are also deseribed,



RAVALLI GROUP
Definition and type locality

‘Ravwalli Group

- Brief description
- Brief description
- Brief description

T
Definition and type locality

: Altyn Formation
Waterton Member - Definition and type localitly
Hell Roaring Member - Definition end type locality
Corthew Member - Definition and type locality

Deﬂnition a.nd type locality
Appelmnny Formation

Singleshot Member - Definition and type locality
Appistoki Member - Definition and type locality
Secenic Point Member - Definition and iype locality

Definiticm and. type locality

Grinnell Formation
Rising Wolf Member - Definition and type locality
Red Gpp Member - Definition and type locality
Rising Bull Member - Definition and type leocality

PIBGAN GROUF
Definition and type locality

I’iege.n Group

Brief description
Brief description
Brief description



e Eeﬁniticm and type locality

Siyeh Pormetion

- Definition and type locality

- Definition and type locality
2 e fregueng - Definition and type locality

Granite Pa,rk Mamber - Definition and type loeality

neﬂnmen and type locality

MISS0ULA GROUP
Definition and type locality

Migsoula Group
: Definition and type locality
Definition and type loecality
Definition and type locality
Definition and type locality

) Kintla *
B.aosville Hembeyr
Mt. Rowe Member

L I

| Brief deseriptiun

IGHEBOUS ROCKS
General dsecription

Early Eintla « Brief description
Jate Spokene - Brief description
Early Spokane or late 8iyeh - Brief description
Iate Grinnell « Brief description

The definitions of the various stratigraphic unite of
the Belt series ms these units occur in the Glacier Park area are

presented in detail in the following section,
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RAVALLI GHOUP

] pnt  Dominantly clastic rocks which form the
}.wast majnr division of the Belt series in the Meagher,
Blackfoot Capyon, Glacler Park, and Galton facies, but
are underisin by the Prichard clastics in the Purcell
faciess In the Glacier Purk facles, they include the
senieclastic and carbonate Altyn formation, which pre-
sumably gredes weptwardly into clestics. Thickness
7,800 %0 15,000 feet.

Hille along the Jocko River, near

Ravelli Group
. Feet
Grinnell Formation. Red with some green argile
lite, sandstone, and sandy quartgite.....esssee 2000~ 3500

Avpekunny Formetion. Green-gray to light- or

&wk-gmy argillitic and sandy quartzite and

quartzitic argillite; some massive whitish

W!ite l.l....blii‘t.!l‘."’..’ﬂ.‘.‘l.lt.l.. 3500‘13‘@

gn Yormetion., Impure, siliceous, argille~
caoua to sa.ndy or pebbly limestons, with beds
of ealeareous, pebbly sandstone, Not exposed
west of the conbinental Aivide ..ievesveccceces 1400

Definition: Dolomites, limestones, limy argillites,
sandstones, and minor mud breccias which form the
lower calcarec-magnesian division in the Belt sedi-
ments of the Glacier Park facles, The sediments
show considerable variety in color, textm, and
bedding; they contain mud cracks, ripple marks, and
meny beds of flat-pebble and edgewlse conglomerates.
Their upper limit is the base of the Appekunny,

with which they show some intergradation; their
lower 1limit is concealed bensath the lLewis thrust.
Thickness, 2180 to 2480 feet.

mvpe Loeality: Cliffs at the foot of Appekunny
Mountain, about & mile northesstward from Swift-
current Falls, Glacier National Park. ZEntire
gection exposed only in Waterton lakes Park,
where it is complicated by faulte end folds,
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Altyn Formation

¥aterton Member

Definitiont Dolomites, dark-gray asnd reﬁd.iah, weathering
to gray, reddish brown and buff, in beds 1 to 4 feet thick,
Host beds are finely laminpted, laminee numbering 10 %o
60 per inch, No sand graine were noticed. BSome strata
puggest thickly bedded, limy argillites. Daly's anslysis
shows 28,60 per cent celeite, 21,17 per cent megneeium
carbonate, and 34,47 per cent orthoclase.

The member grades upward into dolomites of the Hell
Roaring member; ite base ig not vieible; its known thick-
ness 1s about 280 feet.

Type Locality: Cliffe at Cameron Falls on Camercn (r011®)
Creek, near Waterton Park,
li

Hell Roaring Member

Definition: Dolomite and dolomitic limestones, variasbly
siliceous; blus-gray to greenish gray, weathering to gray,
buff, or cream; beds 2 to 2 inches thick, Many beds show
leminee of limestone and dolomite and apparently primary
dolomite nodules, associated with blostromes of Collenis
albertensis n. sp. Thickness estimated at 1200 to 1300
feet.

Tvpe locality: Hell Roering Falls, Waterton lakes Park,
Wel?.. ex;gosed on the eastern slope of Mt, Carthew,

Coarthew Member

nition: Megnesian limestones, dolomites, quartzites,
and intermediate rocks which grade upward into the basal
Appekunny. Colors range from blue-gray through buff to
brown and derk brownish red; bedding is thin to thiek,
Red beds, especially, show thin leminee. Thickness is
estimated at 700 to 900 feet,

ity: Eastern cliffs of Cameronian Mountain
a‘bove Gameren Creek, Waterton lakes Park, Well exposed
on the eastern face of Bertha Mountain, on slopes between
Vimy Peak and the Narrows of Waterton lLake, and on the
northera ¢liffs of Gable Mountain, Glacier Nationsl Park.
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: Argillite interbedded with quartzite, con-
glomerate, and minor beds of argillaceous limestone;
prevailingly green, greenishegray to brownish, with some
dul) red, white, and purplish beds, Thin-bedded to
thickebedded, with fine leminse; massive only in quartz
conglomeraies and quartzites, Orades into adijacent
formations. In 1ts eastern phases, the thickness is 2500
to 5300 feet; in western, it is as much as 10,000 feet.

Tyve Iocelity: Appekunny Mountain, north of Bwiftcurrent
Yalley, Glacier Hptional Park,

Appelunny Formation
8ingleshot M/ember

; n: Argilllites and quartzites, interbedded with
‘puff to greenish siliceous dolomite and dolomitic sand-
stone, Pelitic rocks are gray, gray green, reddish, and
black; quartsites are greenish, pink, or white. Hud
cracks, ripple marks, and mud brecclass are sabundant, In
some places, & basal coarse, pinkish sandstone rests on
the Altyn with slight angular wmanformity. Thickuess
300 to 400 feat.

y calit Singleshot Mountain near S5t. Mary leke,
Grlaciar R&tiom Park.

Appistoki Member

Definition: Gray, green, olive-brown, and rusty-crey
argillites in thin minor but thick mejor beds, inter-
bedded with thickly stratified, gcreenish, white, or
pink quartzites, Flat-pebble breccias, mud cracks, and
ripple marks are abundant; rain and slee’c prints are
present in some layers, This member intergrades with
other members, yet preserves feirly well-marked limits.
Thickness in the Lewis Range, 2000 to 2200 feet.

tv: Appistokl Peak, near Two Medicine Lake,
Glacier National Park,
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Scenic Point Member

Defindtion: Argillites, sandstones, and gravelly conglom-
erates; green, purplish, buff, brown, and dull brownlsgli-
red at the type locality, Northward and westward from the
type loecality, the member gredes into thickly bedded,
coarsely mud-cracked ergillites, which give way to thick
quartzites and subordinate gray and iron-stained argillites.
Mud breccias, mud crocks, and ripple marks are abundent.
Thickness, 200 to 700 feet, '

Type Locallty: Scenic Polnt, overlooking Two Medicine
Valley, Glaclier National Park,

Grinnell Formetion

Definition: Red or purplish argillites end white to light-
green quartzites, lying between the Appekunny and the suc-
ceeding Plegen group., Textures, colours, and bedding are
highly variable; ripple marks, mud cracks, and current
marks are abundant, as are rain or heil prints in some
members. Thickness, 1500 to 3500 feet.

Tvpe Locality: Grinnell Point (Stark Point of some meps ),
at the head of Swiftcurrent, formerly McDermott lLake,

Grinnell Formatlon

Rising Wolf Member

Definition: A basal member, in which varieble white and
pink quartzites are interbedded with red argillites which
rence from laminme to strata 5 feet thick. Symmetrical
and ssymmetrical ripple merks are common; md cracks are
prevalent, as are eross~bedding, mud brecciss, and mud
bells., Thickness, 200 to 700 feeat.

Locality: Southern slopes of Rising Wolf Mountain,
Glacier National Perk,

Red Gap Member

Definition: Argillites in thin minor and thick major

beds; dominantly red, but incldentelly dbrownish or green;
interbedded with pink, white, or greenish~white quartsites,
brown sandstones, and sandy argillites. Typlcally developed
in the Lewis Renge, north of Many Glaclers; recognizable
elsewhere by its thick beds of red argillite with flat
mud-crack polyzons. Maximum thickness, 2800 feet.
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Lype Lo
Glagier

alityt Mountain between Red Gep and Ptarmigan Wall,
National Perlk,

Bising Bull Member

~ ion: Argillites, quartgltes, and mud breccias forme
ing the initial transition between the Grinnell and Siyeh;
physical characteristics like those of the Rising Wolf,
Thickness, 600 to 1100 fest.

bype_Locality: Upper cliffs of M%, Rockwell (Rising Bull
of the Blackfeet), south of Upper Two Medicine lake, Glacler
Hetlonal Park,

PIEGAN GROUP

Definition: ILimestones, dolomites, and dominantly argil-
jaceous clastice which lis between the Missoula and Havalll
groups. Despite variation, they form the sole dominantly

colcarso~-magnesian group in the Meagher facies and the
second in the Glacier Park., Even in western facies, clastic

strata contain much dolomite and lime, The group is charact-
erized by great development of calcareous algae., Thickness,
2780 to 14,300 feet.

Type Locality: Piegan Mountain, Glacler Hational Park.

Well exposed on Mounts Mould, Wilbur, Cleveland, Lineham, and
other high peaks of the Glacier-Waterton recion,

Plegan Group Peot
o6t

1000

920 +

Argillites, purple and green; may include equivalents of
the uppermost Siyeh in the Glacler Park snd Galion facles.. 500 +

Siveh Formation. Limestone, thin-bedded to massive, eili-~
ceous Pconcretionary”, gray; weathers gray or buff......... 1000

Argiliites and sandstones, thin-bedded, green to purple;
also & lenticular conglomerate, 200 feet thicKeseescossress 2000

5420 ¢
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finition: The second dominantly calcareo-masmesian
formation in the Glacler Park facies, It includes ar;ile
lites, quartzites, and extensive mud breccias, ag well as
thick algal deposite. Dominantly, it is dark gray to
black; sll dolomites weather buff or fawn., Thelr coler
of weathering is not mentioned in sections, Thickness,
2900 to 4000 feet in the Lewis Bange; 5400 feet in the
Blackfoot Cenyon facles.

Zype locellty: Mi. Siyeh, Glecler Netional Park.

Siyel Formation

/
Definition: Upper phase of the transition betwsen the
ergillitic and arenacecus Grinnell to the dolomitic and
limy Siyeh., Quartsites, arsillites, and argillaceous
dolomites weather to green, brownish, or buff} purplishe
red argillites are subordinate end are limited to the
lower 75 feet. Grades inte the member above, Thickness,
500 to 900 feet.

, ity: Ridce forming Cut Bank Pass, between the
Cut Bank and the Dry Fork valleys, Glacier National Park.
Well exposed on Dawson Pacs end in cliffs near Grinnell
Glacier.

Goathaunt Member

Definitions Limestones, dolomites, and subordinate
colites, dolomitic sandstones, end argillises, thickly
bedded; prevailingly dark-sray. Mud brecciss, commenly
containing coarse sand and pebbles, are abundent in
northern exposures, Hud cracks are common in earbonacecus
leyers; ripple marks are obscure, Ve i1
common, especially in the Lewis Range. ickness, 2000
to 3200 feet.

. 21ity: South wall of the cirque between Mb,.
Gonthaunt and Mt. Cleveland, Well exposed in high peeks
of Waterton-Glacier Parks. »
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Gollenis fregugns Zone

Definition: Darke-gray, crystalline to amorphous limeatones
in one or more massive biostromes with thinly bedded cal-
careous or dolomitic intercalations. Biostromes with thinly
bedded calcarsous or dolomitic intercaletions, Blostromes

conslist of little except Collenie fregueng Walcott and
L. Yersiformis n., sp. Thickness, 100 to 156 feet,

: Tastern slope of Swiftcurrent Pass on the
gmnibe Park trail. Illustrated by Campbell and the writers,

Granite Park Member

, t Magnesian limestones, oolites, argillites,
and quartzites represent the final stage of Siyeh sedi-
mentation. Colors range through gray, greenish gray,
and brown; 'textures vary areally. Large colonies of

Collenin willisii », sp. are abundant at several horizons.
Thickneas, 280 to 900 feet,

Type Locality: Cliffs of the Continental Divide southeast-
ward from Granite Park, Glacier Hational Park, where the
gtrata are crossed by e trail to the dike above Grinnell
Glacisr, Well exposed in Hole-in-the-Wall Basin, near
Boulder Peak, and on the trail from Alderson to Carthew
lakes, Waterton Lakes Park.

Spokane Formation

Definition: Argillaceous and srenaceocus strata lying
Yetween the calcareo-masnesian formetions of the Plegan
group, The beds range from sandstones and soft shales to
quartzites and argillites; dominantly red and green,
though brown, buff, and gray are also seen, Thickness,
180 to 7400 feet,

Type Locality: Spokene Hills, east of Helena, Montane,

Discussion: Arglllites, interbedded with green basalts,
lie above the Siyeh formation, from Dawson Pass northwerd
through Waterten Lakes Park and in the Purcell Range.
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tlon: Argillaceous and silicecus dolomites and
nagnesian limestones in this etrate but thick bede;
darkegrey, creen-gray, or brown, Basally, there are inter-
beds of greenish-while magnesinn quartzites, BRipple marks,
mad cracks, chennel £1llings, end edgewiee mud breccias are
characteristic, the latbter chisfly in silicequs layers;
there is little or no red arglillite, This formation repres-
ents the finel stare of Plesan calcarec-ne;nesian sedimenta~
tion. Thickness, 585 to 1500 feet.

Type Locality: Cliffs of the Lewls Bange near Sheppard
Glecler, Well exposed on Mt, Carthew, Boulder, and Swift-
current peaks, and mountains near Logan Pass, &s well as
in the valley of the Middle Fork of the Flathead River.

MISSOULA GROUP

Definition: Argillites, quartzites, and sandstones, with
minor beds of conglomerate, limestone, and calcarsous shale.
Ripple marks, mud cracks, selt crysial casts, and rain
prints are chamateristic. Thickness, 10,000 to 18,000 feet,

Lype Jityy Slopes east and west of Hattlesnake Creek,
nartheaﬁt of Hisaouls, Hontana.

Missoulsa Group

1 Argillites, thinly bedded, dominantly green
and red bot with a buff-weathering member, Interbedded
argillaceous quartzites and sandstones and. two lenticulay
biostromes of limestone. This represente the initial stage
of Missouls clastic sedimentation, Thicknees, 2800 to 2900
feotb,

Hiller Pesk, southsast of Hiasoula, Montana.
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Kintla Member

Definition: Argillites and argillaceous sandstones, thinly
bedded, dominantly bright red; thin beds of quartzite and
pinkish gray limestone. Contains 30 to 40 feet of purplish
smygdaloidal lava, Ripple msrks, mud crecks, channels,
rain printe, and casts of salt crystals are characteristic;
algae are present only in dolomites, which they form,
Thickness, 860 to 900 feet,

Tvpe Locelity: Pyramidal peaks of Akaming Ridge, west of
Vaterton lales National Park, Well exposed on Mt, Rowe,
Mt, Carthew, Mt, Custer, and on Boulder Peal,

Roosville Member

Definition: Thin~bedded, fissile argillite and argilla-
ceous sanddtones, green, green~-gray, and olive; weather
rusty buff, light gray, or brown, Mud cracks, ripple
marks, and salt crystale are common, Thickness, 550 to
1000 feet,

‘ v: Three miles east-northeast of the Phillips
Creek cgsczade. near Roosville, British Columbia,

Mt. Rowe Member

Definition: Red guartzites, in thin to thick beds, many
of which show crossbedding, ripple marks, and mud con-
glomerates, The quartzites grade upward into rose-red
argiliites, which are thinly bedded and fiseile, Thick-
ness, about 1500 feet.

/ ; s South crest of Mt., Rowe, near Akamine Pass,
VWaterton Lakes National Park,

About 4800 feet of argillites and sandstones overlies
the Miller Peak formation in the Flatheed Rance. Small
symmetrical ripple marks and interference marks are abundant,
se are mud cracks, which enclose flat pelygons in argillites
and convex polygons in quartzites. Polygons range from 1 %o
36 inches in width, Iarge ones are sechndarily cracked.
Bain prints are numerous in some layers; others show annelid
burrows,



IGNEOUS ROCKS

The Belt series in the Glacier Park faclies includes igneous
rocks of two types: diesbasic besalt laves in the Crinnell,
Spoksne, and Kintla, and gabbro or gebbro-dorite sills and
dikes cutting formations from the Altyn to the Spokane. In
sddition, there are minor exposures of augite-andesite,
melanite, phonolite, and other rocks,

The earliest lava is the basic amyzdaloidal basalt in the
Rising Bull member of the Grinnell formation, It is com-
posed largely of secondary chlorite, quariz, and calcite,
with abundant lsbradorite crystals and pores £1lled by
deep-green chlorite,

The second lave is the Purcell, At ite most southerly
exposures, west of Grinnell Mountain, the Purcell includes
two major flows, the first, 30 to 42 feet in thickness, the
second 18 feet thick. The basal 20 to 25 feet of the lower
flow containe ellipsoids or ®pillows™, 10 to 25 inches in
diameter, separated by cherty inclusions; the lavas surround
detached masses of modified argillite 2 to 12 feet thick,
the base [of the lava| being irregular. The upper 10 to 17
feet iz a massive, ropy lava, The second main flow is
massive and amysdaloidsl, containing mud inclusions, steam
tubes, and irregular cavities--evidences of subegusous
extyusion,

Northward, the thickness and number of flows increases. . .
Dely's (1912, p.219] sections show 390 feet of amygdaloid,
perphyry, and mud breccia in the Galton Range and 465 feet
of varied lavas in the Purcell. "Pillows", irregular inclu~
gione, vesiches, steam tubes, and ropy structure characterize
the flows. Prevailing colors are dark blue green to olive
green,

Sequence of igneous evenis in the Glacler Park facles:

Berly Kintla Basaltic flow, 40 feet thick;
‘ subaqueous,
e ogkane Baseltic flows, 35 to 275 feet
' thick; subagueous.
Zarly Spokane or Intrusions in sheets and dikes,
latest Siyeh the latiter as much as 300

feet wide (at the foot of ILake
Janet)., They rose within 350
: feet of the top of the Siyeh.
Late Grinnell Basaltic flow and copper-bearing
intrusions. Flow 20 to 40
feet thick; probably subaqueous.
(Localized intrusions of undetermined dates; probably Altyn
in part.)



A correlation of the Belt formations and members within
and beyond the area is illustrated by Figsure 3, which is essen-
tially the work of Fenton and Fenton (1937, p.1878) with the
exception of Sections 4 and 5, These two sections represent the
work of Rice (1937, 194l1).

Northwest of the Glacler Park section, two formations,
which are stratigraphically lower than any occurring in Glacier
Park, have been described by Schofield (1915) and Rice (1937,
1941), These two formations, the Fort Steele and the Aldridge,
form the basal portion of the Belt series in the Cranbrook area.
The Tort Steele and Aldridre formations are described in the

following section.

The Fort Steele formation, as described by Rice (1937,
ppJhieb), 18 composed of a series of quartzites, arzillites and
1imestones which have an exposed thickness of 7,000 feet and a
possibly much greater total thickness. The Fort Steels formation
1ies eonformebly under the Aldridge formation but the lower
contact is unfortunately obscured.

This formation contains at leest four members, The
lowest or Pwhite quartzite® member has a mipimnm thiclkness of

1,000 feet., It is composed of pure quaertsites and arcillaceous
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quartsites with numercus white quartzitic beds up to 30 feet in
thickness, Thie white quartsite member grades into the second or
tgtriped srgillite” member which is composed of 2,000 to 3,000
feet of alternating, narrow (epproximately 1 ineh) bands of dark
grey argillite end white-to-grey quartzite. Above the "striped
argillite" member lie 2,000 to 3,000 feet of massive, black
caloarsous~to=dolomitic argillite which containg in part minor
white lines parallel to the bedding plane, This messive,
dolomitic argillite member is overlain by the uppermost member
of the formation which consists of 300 to 500 feet of massive,
grey-green, dolomitic argillite grading laterally into bluish
ilimestone, The type locality for the Fort Steele formation is
on the spur from Lakit Creek to Iakit Mountain, near Fort Steele,
Britieh Columbia.

A feet of particuler interest pointed out by Rice
(1937, p.5) is the occurrence of carbonates in the Fort Steels
formation. Previously, the oldest carbonates in British
Columbia were found in the Kitchener formation--20,000 feet
stratigraphically higher then the upper nember of the Fort
Steele formation., The presence of carbonates in the Fort Steele
formation might eventually provide a eclue to environmental
conditions during early Proterozoic time once the relstionship

between the presence of organlsms and the deposition of earbon-

ates is thorouchly understood.
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g wiion hes been described by Rice

(1937, pp.6=7?) 88 & formation of tremeﬁdm thickness, not less
than 16,000 feet, He deacribed 1% as "composed essentially of
grey, rusty weathering argillite and argillaceous quartzite®,
being predominantly argillite in the Rocky Mountalns and argil-
lageous quartzite in the Purcell Bange. Primery eedimentary
structures such as "crossbedding, mud-cracks, and ripple-marks”
are cormon in the Aldridge formation,

At the time Fenton and Fenton (1937) defined the Purcell
facles, the Aldridge formatlon was thought to be the lowest
stratigraphic unit of the Belt series. However, when Rice (1937)
described the Port Steele formation, 1t became the lowest out-
cropping horigzon of the Belt series., The presence of carbonates
in the Fort Steele formation alters the definition of the Purcell
facies slightly (see preceding section, Facies of the Belt
The Purcell facies, however, is still dominsntly

site.

The Belt sea, &8 illustrated in Figure 5, wes essentially
a long, narrow, shallow body of water (Fenton and Fenton, 1937,
PP+1938-1940) which was particularly rea:pomiw to “mi&tiozx& in
precipitation on adjoining lands" becouse of the limited influence

which could be exerted upon it by the distent oceens, The margins
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of the sea, therefore, were somewhat brackish. During periods
of drought or emergence the sea would bscome hlghly esaline.
There were apparently no great depressions oy high areas within
the treugh, although an Algonkian archipelago in the vicinity of
central western Montens and & large island in central southern
Montans 4id exist (Deise, 1335. Pp+104«5), The members of this
archipslago were composed of Archean granites, gneisses, and
gchiste, The maln axis oi"tlm trough lay to the west of the

archipelago *from Ruby mountain northward to, and beyond the

International Bo 7y, and westward through Idaho end into
eastern Washington."

The western border of the trough (see Figure 5) is
epproximately parallel to its axis, extending northward from
southwestern Idsho, tm-eugh northeastern Washington and eastern
British Celumbia, The eastern shoreline of the Belt sea on the
Pre-fanbrian granites of the Cenadisn Shield complex is largely
hypothetical, Only in areas where concentrated drilling has
been done is the shoreline placed with any degree of accuracy.
In southern Alberta, the eaetern limit of Belt sediment hes
been shown (McGehes, 1949, p.613) to be west of the Frincess
area of southeastern Alberta.

The ares contributing the greatest amount of sediment
to the Beltian trough was the highlends of southwestern Idaho
(Fenton and Fenton, 1937, p.1940), In genersl, the hills on

the western marcin of the trough presumably supplied most of
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the sediment, which would be augmented in part by detritus from
the archipelego and perheps by very fine material from the
distant lowlylng eastern grenitic ghores,

The paleogeocraphy of Beltian time is reflected in
the fasies changes of its sediments (Fenton and Fenton, 1937,
Pp+«1935-1938), Carbonates of the emstern facles grade laterslly
into clastie members of the western faciee, indicating s dominantly
western source of sediment. All formations of the Glacier Perk
facies are essentially in gradational contact, joined by trensi-
tory members., These members indicate "shmllowing and occasional
emergence, with sction of waves and currents, increased salinity
of muds, end crystallisation of salt.” The Belt series would,
therefore, seen to be "unified arsally and vertically" with most
of ite sediments indicating a marine enviromment.

The present distribution and thickmess of the Belt
sediments in Montana are illustmsted in Pigure 6. It is impor-
tant to note that the sediments of two troughs have been
preserved, The northwsstetrending trough, which contains a
tremendously thiek sequence of Belt sediments, wes a gtructurally
wesk crustel sone and was inherited by the Paleozoic era as the
fordilleran gemaynclin? of Paleozoic geography. The east-
trending trough, which contains & much thinner section of Belt
gediments, was alsc inherited by the Paleozolc era as the

 consistently negative Cemtral Montema trough of the Paleozolc

- eratonic ares, The Montanis area exhibited internittent posi-

tive tendenciles until Upper Devonian time and there is some



Figore 6. Distribution and thickness ei' Beltlan sirate in Montans, shown by
generalized "form" iscpachs. (Sloss, 1950, p.429)
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evidence to suggest this tendency continued through trisssic
time. These unite will be discussed in later chapters.

An unconformity between Beltian and Cambrian strata vas
£irst obmerved by Waleott (1899, pp.210-215) end later substen~
tiated by other workers. IEventuelly, Deiss (1935) published a
treatise on the nature of the unconformity, postulating the
conditions responsible for ite formation, He (Deiss, 1935,
$:123) envisioned e major period of omgénic movenent in western
Montans, the originsl uplift of which ended Beltian sedimentation.
In Montens, the effect of this orogeny (Deiss, 1935, Pp.111-112)
extended at least ms far north s Pentagon Hountain (near latitude
48° at longitude 113°). Delss stated that "local folds with dips
of 30 degrees were produced, and the beds were elevated at least
20,000 feet above the snrrounding recion® producing the Helena
mountaing., This uplift, which maried the clogse of the Pre-

Cambrian evs, was followed by & long period of erosion--the

Lipslian interval.

Erosion during the Lipalian intervel reduced the high
Helens mountain mass to near-peneplain conditions. Delss (1935,

p.124) supported this theory of & long .and active period of
erosion with the following evidence:
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That the Middle Cembrien ses-bottom, upon which
the Flathead (basal Cambrian sands) was depoeited,
was & bese-leveled plane, is substentiated by the
distribution and remerkably uniform thicknese [in &
regional sense but with meny locel irregularities
(Deies, 1939, p.34)), lithologic character, and
transitional sequence of the thin Flathead sandstone
and the superjacent Wolsey sbale, The writer belleves
it to be impossible for a formation to bs deposited
over 135,000 squars miles to an average thickness of
only 108 feet unless the surfeee upon which the forme
tion was laid down was egsentislly & plane.

As a conclusion to his study, Deiss (1935, p.124) main-
tained that the existence of the unconformity between the Beltian
and overlying strata, which resulted from an erosional interval of

great magnitude, was "conclusive proof of the pre-Cambrian ge of

the Beltisn sediments."

Along the Rocky Mountain trench northwest of the area
and in the Kootenay lake - Revelstcks area, & group of gediments
¥nown as the Windermere series (Walker, 1926, pp}_.l:j—ZO) lies
unconformably upon the Purcell series. The Windermere series is,
in turn, uncenformably everlain by Lower Cambrian strata. This
geries has been mssigned a late Pre-Cembrien age by Rice (1941,
p.24) However, Park and Ceunon (19%3) snd Cheriton (1949) have
considered at least part of 1t as early Paleozoic in age. 4s
described by Walker (1926), the series congists of a lower forma-
tion, the Toby, composed of coarse clastiﬁ derivatives of the

Purcell fagies of the Belt series, and & thick upper series of
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volcanic and detrital clastice with minor carbonates, The
Windermere series will not be described further sxe@pt to show
its relationship to the events which oeccurred in the area.

The Windermere series appears to be the result of ropid
erosion and short treansportation of sediments from an adjoining
high land mase (Walker, 1926, p.15). Cheriton (1949, p.58) dig-
cussed the Windermere series and concluded that its source of
sediment was the Purcell mountains., Thie conclusion was based
partly on the ‘wo,rk of Park end Cannon (1943) who, although they
could not determine an avea of provenance of sediments for the
coarse basal conglomerate, found stratigraphle evidence of &
source avea north of northeastern Washington (Park and Cannon,
1943, p.13) for sediments immediately overlying the conglomerate,
Rice (1941, p.23) 4id not suggest a source of sediment but stated
that some fragments in the basal conglomerate of the Windermere
geries indicate a "granite intrusive source of at least s&me of
the sediments.” He also stated that "no granite of pre-Windermere
eze is known to be exposed in British Columbie,® The ancestoral
Pureell mountains (Rice, 1937, pe31) were probebly the result of
the seme orogenic movements which built the Helena mountelins in
Montana (Deiss, 1935, p.106)s The erosion of Archean gneiss end
gchist from the Helena mountains (Deiss, 1935. DPslll) represents
a possible source of the granitic material in the basal conglom-

erate of the Windermere series,
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| The orogeny which built the Helens and ancestoral Purcell
mountaing and closed Beltian sedimentation appears to have Initiated
s;dimntation of the Windermere series, The Windermere series is,
therefore, of the same age as the first part of the Lipalian inter-
val. Ae the process of peneplanstion continued into the latter
part of the Lipelien interval, the areal extent of the erosion

increased until it included the deposition area of the Windermere

series.

When the Lower Cambrian sess transgressed the area,
closing the lLipalien intervel, the sediments of the lowermost
Cambrian formation, the Cranbrook, were deposited on the Lipalian
peneplain, The nature of this peneplain has been previously
described. It should be noted, however, that the peneplain was
parti@lly over areas of folded and eroded Belbian sediments and
p&rti?.lly over areas of tilted (Walker, 1926, pp. 17,18) Winder-
mere sediments, The result was an unconformable contact between
Lower Cambrian and Windermere strata in the’ aveas of Windemmere
sedimentation, and between Lower Cambrian, Beltisn and older

sediments in the areas of Beltian sedimentation.



Chapter III

TECTONISM AND SEDIMENTATION DURING
THE PALEOZOIC ERA

The North American Cordilleran geosyncline and adjoining
p@?‘tiwm of the Q;atan. in the vicinity of the 49° perallel, were
1mmdatai for much of Paleosoic timé. In thls area, sedinents
were received on a tectonic framework partially inherited from
the Pre[ié\ambﬂan era, The movement of the verious members, or
elements, of this framework resulted in é. cyelic type of deposi-
tion which largely controlled the nature of sedimentation from
Cembrian to very late Paleozoic~-pre-iiddle Jurassic time, Sloss
(1950) indicated the chief members of this tectonic fremework
which were sctive in the northwestern United States and southern
Canada, and gave & recional picture of the resulting sedimentary
cycles. Webb (1951) made & similar stﬁdy for western Canada.
This thesis employe the regional picture outlined by Sloss (1950)
and Webb (1951) es a pattern into which may be fitted details of

Paleosoic sedimentation, tectonism and stratigrephy for the thesis

ayea,

Within the area, the Paleozoic tectonic framework was
composed of two major and two minor units,  One major unit was the
Cordilleran gebsyncliml belt which occupied approximately the

western quarter of the area (see Figure 7), end in which thicknesses
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of Paleosolc sedimente in excess of 5,000 feet were preserved.
The eastern three-quarters of the area repr%en’cs a portion of
the other major structural unit, the amton. which in generasl
recelived less than 5,000 feet of gedimente. One minoy unit,
namely, the Sweetgrass arch was within the cratonic area, It is
putlined in Figure 7 by & brosd northeast-trending gone contain-
ing lesser emounts of Paleozolic sedimente., The area to which
the tern "Sweetzrass arch® was epplied “"coincides roughly in
position, but not in trend, with the Cretaceous and Tertiery
Swestcrase a.rchi"’ (Sless, 1950, p.428). Slose (1950, p.428) has
extended the use of this term-—generslly reserved for the Creta-
ceous and Tertiary structure--to include the Paleogoic feature.
This usage has been failoweé. in the present paper. The other minor
unit, Montania, was sn intermittently positive area variously
1ying within and along the eastern edge of the geosynclinal unit
in northwestern Mentana, southesstern British Columbie and southe
western Alberta. Ibts position, tmfmrtumtely. is not clearly
depicted by the isopachs of Figure 7. The presence of Montania
either as a land bridee or islend at least during Beltian é,nﬁ
eambriax_; paleogeography hes been shown by Deiss (1935, 1941).
However, Kay (1951, p.8) believed the stratigraphic evidence used
to aubs»tmtiate ’shc; presence of the land bridge (Montania) during
Lowar Cambrian time may well be intemmted ag merely indiecating
'a sinuous Lower Cambriam cosstline, Delss (1941, pp.1101, 1104),

hmmr, indicated the presence of Montania {in Middle and Upper



32

Cambrian time. Although Sloss (1950, p.431) did not present
Montenis as one of the tectonic units, he indicated this area
a8 being devold of Cambrian sediments, For the purposes of this
paper, the term "Montania® refers to this area which exhibited
intermittently positive tendencies during Paleozolc time, and to
its island erchipelago predecessor of the Beltian sea,

South of the ares, an easterly trending gone of thick
Paleozoic sediments Joins the geosynclinal ares with the Williston
basin to the southeast of the area (see Figure 7), Both the
Williston ha‘om/ and the connecting trouche~referred to by Sloss as
the Central Montana trougheewore negative areas through much of the
Paleozoic era, North of the Central Montana trough, the Sweeti-
crass arch exhibited positive tendencles to & fluctuating degree,
while south of the Central Montana trough, the Wyoming shelf
exhibited very steble tendencies. The interrelationship between
the movements of these s tructural units, and the relation of these

' movements to the nature of sedimentation is established for sach

sedimentary sequence,

8ince deposition, the Paleogsoic strata of the geosynclinal
belt suffered deformation and, in part, intrusion and metamorphism.
*Therefore,” Sloss stated, "isopach va}me and patterns in Idsho asd
vesternmost Montana [and British Columbia] are highly interpretive

and subject to redical revision by workers who interpret the data



differently." Such is the case in southern British Columbia
near the 1170 longitude where Sloss (1950, D.h2s) (see Flgure 7)
indiceted the presence of 25,000 feet of Prleozoic sediments.
Plgures 15 and 17 show that he regarded 20,000 feet of these
sediments as Cambrian in age, the upper 5,000 feet as Ordovician,
Sless (1950, p.434) described the Ordovician sediments as "blaclk,
giliceous, greptolitic slm.léa" oceurring "interbedded with thin
and ervatic greywackes," Sloss prﬁbéb:;r was referring to the Ordo-
viclan Ledbetter slate of northeastern /Waahingtcm Pgrk and
Cannon (1943, pp.19-22) gave the maxirnm thickness of the led-
better as 2,500 feet and correlated the formation with part of
the Pend Orellle group which, in turn, wes correlated with the
Le.r&em‘x’ series, The thicknesa of the lardean series (Rice, 1941,
p.21) was estimated to be between 10,000 end 15,000 feet. Park
and Cannon (1943, p.6) correlated that portion of the Windermere
series below the supposed Ledbstter equivalent and above the
Irene volcenles, with straﬁa. in northeastern Washington of Imown
and probable Cambrisn age. They quoted Daly (1912) and Welker
(1934) as giving a thickness of spproximately 20,000 feet to this
section. It appears probeble, therefore, that the isopach pat-
tern presented by Slosze (1950, p.425) of the Lwer Paleosoic
stratizrephy of southern British Columbia neer longitude 117¢@
is based largely upen the correlations of Park and Camnon (1943).
Riece (1941,p.24) and Lord,Hage énd Stewart (1947,p.233) considered

the Windermere series as belng older than the Crenbrook formetion.



which underlies the Enger formution of proven Lower Cembrian
age. Both writers assigned the Tormation tentatively to a late
Pre~Canbrian age, thereby differing with the interpretation of
Sloss (1950).

| The preceding dlscussion 1g presented not to prove the
correct correlation of the Windermere series, but to present the
possible source of informetion used by 8lose to pesiulate the
thickness of Lower Paleosoic sediments in sounthern British Columbla
near the 117° longitude. The problems involved in the strati-
grephic am.lyst/s of the Windermers series are congidered beyond

the scope of this paper,

A typical depositionsl cycle has been defined (Sloss,
1950, p.450) as having four stages:
(1) Transgressive overlap with relatively homogeneous
and atable tectonigm,

(2) Incressing defimition of tectonic elements and
their influence on sedimentation.

(3) Oulmination of differentiation of tectonic freme-
work into pesitive and negetive elements.

(#) CGeneral uplift, with erosion of positive elements.

Within the area, four such cycles, or sedimentary sequences,
occurred during the Paleozoic era, These sedimentary sequences,
which were nsmed and defined by Sloss (1950, ;?'450)' are sum-

mariged briefly in the following dection,



Cyecle One (Ssuk 8squence) ‘
Cyele one exipted from Lower Cambrian to lower Ordovie

cian time and ended with the uplift of the Sweetgross arch and
the accompanying erosion of the Lower Ordovieian sediments and,

to some extent, Upper Cambrisn sediments in the Sweetgrass arch

ArE8.

(Tippscanoe Sequence)
/

Cycle two included Middle and Upper Ordovician and &ll

of Silurien time., This cycle ended, as did Cycle one, with the
uplifting of the Sweelgress arch end the eubsequent eroding of

Silurian and Ordovician sediments from the Sweetsrags arch area.

(Kaskaskisa Sequence)

Cyele three began in the lower or Middle Devonian and
ended in the Lower Mississippien. 4Again, as with Cycles one and
two, Cycle three ended with the usual uplift and erosion.

Cyele Four (Absaroke Sequence)

Cycle four has less distinct time limits., It began
during early Upper Mississippian and was not completed until
sometime in the Mesosolc era, Sloss was inclined to believe
thet the uplifting of the Sweetgvass arch which ended this stage

oceurred at a post-Triassic-~pre-Middle Jursssic date,



w36

These four Palcoszolc sedimentary cycles form the basis
upon which the sedimentetion and stratizraphy of each period is
putlined end dlsrussed, 4n attempt is made to show how the
detailed work of various authors hes been used to formulate &
regional concept of Paleozolce sedimentetion, Possible variations
to above interpretations of these cycles are thdueed and con=

sidered,
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THE SAUK SEQUENCE

The Sauk sequence commenced during Lower Cembrian time
with the transgression of the seas following the inherited geo-
synclinsl ares of the Pre-Cambrian during the first etage of the
cycle. The sscond stege resulied in further transgression of
the seas accompanied by definition of the tectonic elements and
the deposition of Middle Cambrian sediments over most of the
area, This definition of tectonic elemeﬁt-s was culminated during
stage three in late Upper Cambriean or early Lower Ordovician time
vhen the Sweetgrass arch evidenced a positive tendency, During
ptace four--a general period of emorg;anoe-—bhe Seuk sequence was
terminated by the uplift and erosion of Lower Ordovicilan sedi-

‘mente, if such were deposited, and of varying amounts of Upper
Cambrien sedimente, The effects of this erosional stage were

" most pronounced on the strongly positive Sweebtgrass arch. The
ﬁalaogeagraph? and streticraphy of the Sauk sequence is considered

in detail as each major time unit of the Cambrian is discussed.

Lembrian
Montania, the island barrier of the Pre-Cambrian sea-

way, was inherited by the Cambrian, and stronzly influenced the
nature of sedimentation throughout that pario&, It has been
postulated (Déiss, 1941) that the Waucobian (Lower Cembrian)

geas, approaching from the north end the south in narrow resirieted



troughs, were separated by Montanie which formed o land bridge

550 miles wide in the Ideho area and that it wes not until Middle
Cambrian (Albertan) time that the Cordilleran seaways Joined,
inundating Montania and spreading eastward., However, during early
Upper Cambrien (Croixan) time, the western part of Montania wae

uplifted and the entire seaway then lay to the east of Montenia.

IV ST
“ ‘alm|l|'l||d ,“\ E\,_‘_,\\/ - 3

Figure 8, Synthetic map of Cambrian seaways
in central Cordilleran region.
(Deiss, 1941, p.109%)
As & result of non-deposition or erosion of Lower Devonian,
Silurian and Ordovician sediments, Middle and Upper Devonian

strata lie disconformably on eroded lMiddle Cambrien strata in

the recion of northwestern Montana., Figure 8 (Deiss, 1941, p.1l094)



indicates the various units of the Cordilleran seaways of the

Cambrian,

Lower Cambrign

The Waucobian Cordilleran seaway, extending southward
from the Arctic, flooded only the northwestern corner of the
mep area (Deiss, 1941), The distribution of Lower Cambrian
strate within the area is therefore limited to southeastern
British Columbia, The regional Lower Cembrien paleogeosrephy,

/

es interpreted by Deies (1941), is shown in Figure 9.

Fizure 9. Map of late Waucoblan lands and seaweys
in central Cordilleran region,
(Deiss, 1941, p.1100)
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A different interpretation of the paleogeosraphy of
Waucobian time was presented by Xay (1951, p.8), who doubted the
existence of Montania as a land bridge during this time. His

interpretation le presented in the following excerpt:

Paleogeographers heve frequently considered
the western belt in Harly Cambrian not to have had
& single continuous geosyncline, but two geosynclines
north and eouth of & land, Montenia . . . « In south-
eastern British Columbie, the Lower Cambrian thins by
overlap and coarsens southezstward . . . and the series
ie sbsent in western Montana . . . . This hasg been
attributed to advance toward a transverse land Joining
the craton to Cascadis, a hypothetieal borderland
discussed later. The stratigraphy can as well be
attributed to the moet extensive early Cambrian ses
shore having o simmous trend more southerly than that
of the preserved sections. The detritus would thus
be the shore sediment lald slong the margin of the
cratonal land,

There is disacgreement rezarding the regional extent of

the positive area, However, both writers recognisze the existence

of o positive ares in the reglon referred to as Montanla,

Two formations occurring in the Cranbrook area have been
assigned to the lLower Cembrian, They are the Cranbrook formation
end the Esger formation, both of which have been defined and 4ige

cussed in deteil by Rice (1937, pp.18-21).

The Cranbrook formation consists of "a series of quarts-

ites, conglomerates and carbonate rocks® (Rice, 1937, p.18) with
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& 600-foot basal quartzite member reeting unconformably on the
~ Purcell series. This quartzite member 1s composed of white,
’re\seered. mannto-gm;;r, nassive, coarse-grained, silicecus rock
in four-foot beds, with miﬁor pertings of argillite, and conglom-
erate, The formation contains such structures as ripple marks,
cross~bedding and intraformational brecciams. Rice (1937, p.19)
noted that the base of the Fort Steele formation, the lowermost
member of the Purcell series, is the only other formetion in the
area to eontain/a similar thickness of light-coloured siliceocus
roek.
The basel quartsite member ;rades upwards (Rice, 1937,

p.19) "into thin-bedded, sandy megnesite which, in turn, grades
into a bed of rock magnesite about 150 feet thick® at the type
lecality for the Cranbrook formation near Marysville, British
Columbia. This part of the formation contains "a central band

30 to 50 feet thick" of "remarkesbly pure . . . coarsely eryetallive,
1ight creamy grey”, buff-grey weathering magnesite.

The upper member of the Cranbrook formation varies

from & quartzite into which the unde rlying maé,nesite crades in
the Marysville area, to & "blue-grey, hlue~waathering limestone”

(Rice, 1937, p.19) in other localities.

The exact age of the Cranbrook foma.tion_.is unknown.

However, it must be younger than the Purcell series upon which
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it rests unconfommably, yet older than the Eager formation which
it underlies and which has ‘been sccurately dated as upper Lower
Cambrian in age. Rice (1937, pp.20-21) argued that while 1t is
conceivable that the Crenbrook formation may be "equivalent to
the Pre~Cambrian, Upper Purcell, and Windermere seriss®, the fect
that it wnconformaebly overlies the Purcell geries and is litho-
logically dissimilar to the other sediments, presupposes it to be
of Cambrian age., The oniy faunal evidence is annelid-like marle
ings and “punctate" forme which are similar to "those found in
the Lower Domlé’l. suggesting that the Cranbrook formation is
Paleozolc rather than Pre-Cambrien in age." The Donald overlies
the Olemsllus soue in the Dogbooth Bange (Ckulitch, 1949, pp.18-19).
However, since the Qlenellus-Bonnia %one, which will be discussed
in e later section, has been proven to be the uppermost marker
horison of the Lower Cambrian, and since the Eager formation,
which will be discussed in the following section, contains the
Olenellus-Bonnie zone and overlies the Cranbrook formation, the
Cranbrook formation cannct be correlated with the Lower Donald
formation, The Cranbrook formation is regarded by the writer on
thé basis of ite lithology and stratigraphic position as Lover

Cambrian in age, representing the earliest Paleozoic sedimenta~

¢tion in the area.

Beger Formatl
The Eeger formation is composed of arsillaceous gedi-

ments which outerop in the Cranbrook arce of the Rocky Mountain

trench, This formetion was described (Rice, 1937, P.21) as con-
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sisting of derk rrey, in part often blue-grey, olive-green or
'?Qddish. often rusty waﬁh&rin@, sometimes platy, @gillites
"distinguishable from the Aldridge argillite by a silky fibrous
appearance,”

The EAger formation is generally non~calcareous but
containg minor beds of caleareous argillites and "amell, light-
coloured calcareous lenses an inch or so long® throughout mueh
of the formation, HNortieest of Wycliffe, British Columbia, the
uppermost mée;r_;nimd member of the Zacer formation is a "white
and grey, crystalline limestone,.”

The Bager formstion is believed to contain over 6,000
feet of strata resting with slicht disconformity upon the Cranbrook
formation, However, since the Dager-Cranbrook contact is obseured,
the thiclmees of the Espger formation and the nature of the countact
are unknown, The exaet nature of the depositional environment of
the Eager formetion iz unknown as it does not everywhere averli_e
the Cranbrook formaxioﬁ. These local absences of Eager sediments
(Rice, 1937, p.2l) nsy be due to lack of deposition which would
sugcest & local, multi-basinal type of enviromment; or alternatively,
a local removal of Eagsr éed.iments by erosion. Beceuse of the
great thickness of the Zager formation and the slighiness of the
disconformity between the Bajer and Cranbrook formations, the

later theory of vemoval by erosion would seem the most credible,

Rice (1937, p.21) credited Schofield with correlating



the BHager formation with the lower part of the Burton formetion,

end Walker with correlating the Esger formation with the Mount

Whyte formation of the Kicking Horse Pase area.

correlations were based on peleontological evidence.

Both these

Problems

arising from these two correlations are outlined in the follow-

ing discussion, which should be read with reference to Figure 10

as it indicates the present accepted correlation of the Cranbrook

and Eager formations,

! 1 2 3
Faﬁm&l Horizons Mt. Bosworth Ptarmigan Pesk - Crenbrook
o B.C. Alberte B.C.
Y ' 8t. Piran . -
‘Ole_n_ellus-Bcnnia | St. Pivan % o b 4 Tager %
' stone
tone 2407 :
Sendstone 30 Formation
1
7 Fort . .~
'[ Mountain 6000'(4)
! Sandstone
: ‘ Cranbrook
Formation
: 865! 600 ($)
|
| (
| Sections 1,2 - modified after | Section 3
| Deiss (1940,p.783) including |-baseé. on
i sugzested revisions by Rasetti I the work of
I (1951, PP.53’62) lRﬁ-"f'EA (1937)
! | mﬁ. Bﬁst
; | (1952)

Pigure 10,

Correlation of Lower Cambrian Sections
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The presence of the Qlenellus-Bonnis faunal zone in the

Bager formation (Best, 1952, p.3) enables this formation to be
readily correlated with the Ptarmigan Peak section of the Field,
British Columbia, area. Beat (1952, p.3) has tentatively cor-
related the Epger formation with the Peyto limestone which, as
defined by Rasetti (1951, p.55), is the uppermost member of the
8t, Pirven formation. However, 1% must be noted that Deiss (1940,
p.783) considered the QOlenellus-Bonnis sone as representing the
lowest member of the Mount Whyte formation. Rasetti (1951, p.57)
carefully discu/essd Deies's reasons for plmeing the Meunt Whyte-
St. Plran contact below the Olenellus-Bonnin Zone and then stated
hies reasons for refuting Deiss's decision, Basettl fully subston~
tiated his decision to place the Qlenellug-Bonnis %one in the
St. Piran formation., Rasetti (1951, p.54) concluded:

. « o 811 arguments favor placing the S%t. Piran-Mount

Whyte boundary at the top and not at the bese of the

Olenellus~bearing linestone or caleareous sandatone,

econtrary to current usage.
This correlation, placing the base of the Middle Cambrian at the
base of the Mount Whyte formation, which was redefined (Rasetti,
1951, p.54) as being ebove the Qlenellus-Bomnis ®ons, will be
‘uped in this paper, Thevefore, the Eager fomtion represents
uppernost Lower Cembrian, The unfossiliferous Cranbrock formation
might then be tentatively correlated with Fort Mountalin sandstone
which is the basal member of the Pharmigan FPeak section (see

¥ igu.‘.w 10 ) .
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Within the Crenbrook ares, another formation, the Burton,
was with some misgivings assigned a Middle Combrien age by Schofield
(1915, pp.43-47) who described it in some deteil, This thesis
agrees with Schofleld's finel decision to regard the Burten forma-
tion as being entirely of Middle Cambrian sge. The problem of the
age of the Burton formation ls discussed at greater length in the

following section,

ambrign

Duriné the Albertan epoch, Montanis was more submerged

then at eny other time in the early part of the Paleozolc era

LEGEND

|
;“E o x
o #

Gaosyynciine

Epeiric sean
on ‘he torsland

Picure 11, Mep of Albertan lands and seaways in
. central Cordilleran region. (D@iss,l9&l,§,1101)
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(Deiss, 1941, p.l1101). Only & small island 4in northwestern
Montana remained of the o;maé great land bridse. The epeiric seas
transgressed eastward over the foreland of the craton in the
central Hontana trouch area (see Figure 11 on the preceding page).
The coarse clastic bamsal member of the Middle Cambrian section
was deposited by this sea, Deiss (1941, p.1103) described the

nature of deposition of this basal member in the following mexmer:

Eagt of Montanie the sea transcreesed eastward
over the peneplaned western edge of Laurentia, and
in it wes deposited the Flathead sandstore of
Montana (Deiss, 1936, pp.1326-1328), 4= the sea
quickly spread eastward it reworked the regolith
and the sands brought in by streams, thues deposite
ing e continuous spread of sand from west to east
(Deiss, 1939a, p.60),. Consequently the basal
Albverten in Montens becomes progressively younger
eastward » 8 . »

The eastern edge of the geosyncline pmperé in
northern Montana, was close to the meridian 112% 309
because east of this line the sediments become more
clastic, contain e larger number of intraformational
conglomerates, and are much thinner . . . » The

great proportion of carbonates in northwestern Montans
indicate that Montanla wss lying nearly at see level
during most of the Albertan,

The type section for the Middle Cambrian has been arbi-
trarily defined as the northwestern Montana section (Deiss, 1939,
P.55) because of its centrel location in the area, The correla-
tions shown in Figure 12 are related to the northwesliern Montans

section, as presented in Section 4 of Figure 12,
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Ag late ae 1938, the definitions for the Middle Cambrian
formations of northwestern Montoans were under continual revision,
Deiss (1939) clarified the slitustion by defining and giving the
thickness and description of each formation. At present, the
Middle Cambrien i composed of nine formations (see Fipure 12)

in the following chronological orders

!
(1) Flathead sandstone
(2) Gordon shale v
(3) Damnation limestone
(4) Dearborn limestone
. (5) Pagoda limestone
(6) Pentagon shale
(7) Steamboat shale
(8) Switchback shale
(9) Devils Glen dolomite

Definitions of these formetions, as outlined by Deiss (1939, pp.3i=

37), are presented below:

. . . the thickness |of the Flathead sandstone ] varies
greatly within short distauces in northwestern Montans
. . . from deposition of greater thicknesces of sand in
local depressions of the irregular Beltian land gurface
(the regional aspect of this surface being & 1hase -
leveled plane! (Deiss, 1935, p.124)|. ‘The Flathead
everywhere grades upward into the Gordon (basel Wolsey)
through en interval of shaly sandstone, sandstone and
sendy shele, and finally chaly sandstone intercalated
with fissile shale, In many locelities the transition
is ‘so uniform that & natural boundary separating the
formations does not exist,

These facts strongly support the conclusion that
. the variation in thickness of the basal sandstone
(Flatheed) is largely the result of horizontal end
vertical gradation and that the Flathead and Gordon
represent one continuous period of deposition.
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Gordon Shale

s » « Grab green and drown figsile micaceous shales and
intercalated sandstones and limestones which overlie the
FPlathead sandstone everywhere in northwegstern Montans,

The most sbtriking charascteristic of the Gordon shale

is its drad greengray and brown color combined with ite
fissility.

Tossils are ectremely numerous and often well pre-

served in the upper chocolate-brown and underlying green
fisgile shales.

don Limeston

The Gordon shale ie overlain conformebly in north-
western Montana by the Damnamtion limestone, The forma-
ti{on. . . consists of the combined originsl Demnation
and ¥annis Basin limestones. . .

The diagnostic characteristics of the Damnation
limestone are its position upon the CGordon shale; the
brizht-buff pebbly slopes at the base of the formation
overlain by buff-gray cliffs; the coarscly oolitic,
dark tan or blue-grey, thin-bedded fossiliferous lime-
stone in the lower part; the fine-grained to chocolate-
gray, thin- and irregular-bedded limestone in the upper
three-fourths; the flakes, nodules, and loecally thin
bands of dull-buff arensceous clay irregularly dissemi-
nated throughout the limestones; and the presence of
the charscteristic Glossopleura-Kootenis fauna in the
basal 10 feet of the formation.

The Demnation limestone ranges in thickness from
100 feet to 225 feet and averages 155 feet throughout
the area.

Dear bern Limestone

The Dearborn 1imestone lies conformably upon, bat
is clearly separated from, the hard chocolate-gray beds
of the Damnation limestone everywhere in northwsstern
Montana. The Dearborn ranges in thickness from 272
feet to 363 feet on Kid Mountain and averages 298 feet.
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The Dearborn formation consists of two parts; a
lower shaly intervel and e much thicker (average 263
feet, 80,2 m.) upper limestone interval. - '

The Dearborn limestone in northwestern Montana is
overlain conformably and is often transitional into
the Pagoda limestone which aversges 305 feet and ranges
in thickness from 2 minimum of 92 feet in the northern
part of the area near Pentagon Mountain to a maximum of
396 feet in the southern part of the area on Kid Mount-
gin. The formation thinned egminst the shore of the old
Montene Island which lay north of Pentagon Mountaeln -
during Pegoda time,

The Pdcode limestone, except in the Pentagon reglon,
consists of & lower shaly or thinebedded part, and an
upper massive, thick-bedded, more or less ocolitic part,

Pentaron Shale

The Pentason shale is present only in the northeran
part of the area in the Lewis and Clark Range, where it
has been traced southward from Pentagon Mountain for 14
miles.

The Pentagon formation is not recognizable in any
of the sections in the central and southern parts of
northwestern Montana; and, although the formation may
be partly equivalent to the upper and lower parts of
the Pagoda and Steamboat limestones in these sections,
no natursl or recognizable boundaries end no fossils
characterietic of the Pentagon shale are present.

Trilobites and brachiopods zre most sbundant in a
L.foot sone which lies approximately 30 feet above the
base of the formation, ‘

The most diaznostic character of the Pentagon shale
15 the presence of many trilobites and brachiopods in
the lower half concentrated largely in the upper part of
the lower 30 feet (9.1 m,) of the formation,

Steamboat Limesbone
: The Steambost limestone overlles the Pentagon shale
in the northern sections and the Pagods limestons in the
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central and southern sections in northwestern Montana.
The formation rangee in thickness from 216 feet near
Pentagon Mountain to 353 feet on the ridge between

Kid and Gordon mountaine end aversses 274 feet throughe
out the sres.

The chocolatemgray and tam, genernlly thickebedded,
nassive, hard limestone which weathers cray and forms
drebebuff cliffs, irregulerly and widely separated by
one to four 2- to l4-foot intervals of dull-green fissile
shale and nodular or shaly limestone, the presence of &
aehogois fauns in the shaly interval neer the middle of

formation, and the stratigraphic position of the
formation upon the Pagoeda or Pentagon formation and
bensath the Switchback shale readily distinguish the
Stoamboat limestone everywhere in northwestern lontana,

The Swiichback shale rests conformably upon the
Steamboat limestone everywhere in northwestern Hontana,
end except for the Flathead sandstone, is the thinnest
Cambrian formation in the area., Its maximum thickness,
253 feet, is developed on the ridie east of Kid Mountain,
and its minimm thickness, 70 feet, on Scapesvet Dasin,

The formation usually consists of green and gray,
soft, slightly calcareous, more or less arenaceous, figsile
to chunky shale, and interbedded gray, cryataliline, thine
and flegeyebedded, rusty-weathering limestone in the
lower third to half; and buffegrey to brown, fine-grained,
arenaceous, magnesian, massive limestone which weathers
tuff end forme plates or angular {ragments in the upper
two-thirds to one-half of the formation.

Pragmentary and unidentifiable fossils have ‘been
found in the limestones of the Switchback,

The Devils Glen dolomite is the thickest Cambrian
formation and forms the top of the Middle Cambrian
geries in northwestern Honbtana. The fgmation rests
conformably upon and is transitional downward into the
Switchback shale wherever the two formatlons have been
observed, The Devils Glen thickens from & minimum of
179 feet in the northern part of the area at Pentagon
Hountain to & maximum of 565 feet in the southeastern
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part of the area near the Dearborn River and averazes
353 feet (107.8) m.) throughout northwestern Montana,
The great variation in the thiclmess of the formetion,
386 feet (117.8 n.), seems to be the result of erosion
between Upper Cambrion and Devonian time, and not of
differvential deposition,

Me distinguishing characteristics of the Devile
Glen are ite extreme massiveness, prominent thick beds,
high magnesian content which couses it to weather %o
sugary surfaces, and 1ts tendency to form high rounded
or sheer cliffs,

Fosgils have never been found in the Devils Glen
dolomite, and the high magnesian content precludes the
possibility of any well-preserved ones being present.,

/

The faunas of these formations, as reported by Delss (1941), with

the definitions of the formations, iz included as an appendix to

this thesis.

In Caneda, the Middle Cambrian of the g outheasbern Rocky
Mounteine and the southern rlains is relatively unknown, Approxi-
mately 70 miles north of the area along the foothills, Beach (1943)
measured the Cambrisn strata and gubdivided 1t into four units, He
tentatively mssigned the entire section, totalling epproximately
2,200 feet, to the Middle Cambrian (éee Figure 12, Sectlion 7).
Farther north, the uppermost Cambrian unit of Beach (1943, DPP6H=7
& 10), commonly known as the Ghost River formation, had previously
been ageigned a Devonian (1) age, The problem of the ace of the

Ghost River formetion is fully discussed in the following chapter,



In the plains area of eoutheastern Alberta, Russell and
Landes (1940, pp.6-9) described a cored section (Cormonwealthe
Milk River; Led. 8, Sec. 9, Twp, 3, Rge. 15, W.4) from approxi-
mately 15 miles north of the ‘inmma,tianal border, They sumar-
dzed zthesf!.:t' detalled dscription of the Cembrian section as
coneisting of %about 465 feet predominently limestone and dolomite,
underlain by 42 feet of shele,” BRussell and Landes (1940, p.9)
lacked sufficient evidence to correlate their Cambrian section
with other kxiou/n sections in northwestern Monitana or the Bow-Kicking
Horse Pass area of the Canmdian Roclkies. They comsidered it wiser
not to apply stratisrephical names to their Cambrian section until
guch time es future drilling revenled the presence of a basal
clastic member which could be correlated with the Flathead sand-
stone of\no?t.‘z}wastem Montana., However, they d4id present a
5_;enera.1.'tzed/slection of the Cambrian formations of southern Montana
(Russell and Landes, 1940, p,8). Deiss (1936, pp.1257-1338),
however, had previously redefined many of the Cambrian formations
of southern Montana, As a result, the term "Yogo limestone® weas
dropped entirely from the literature (ps1337). The Dry Creek shale
was redefined (pp.l336-7) as "the yoﬁng&st Cambrien formation® and
the Park shale es the "youngest Middle Cembrian formetion." The
The section as presented by Russell and Tandes (1940) has been

compared in Figure 13 with the same eeqticm ae vedefined by

Deiss (1936).



- TABLE OF FORMATIONS FOR THE LITTLE BELT MOUNTAINS,
MONTANA

eas presented by Russell and Landes (1940, p.8)

Age ILittle Belt Mountains

Upper Cambrian Yogo Limestone

Dry Creek shale

. Pilgrime limestone

Middle
! Park shale

Cambrian Heagher limestone

Wolsey shale

BARKER FORMATIOH

Flathead quartzite

The above correlation as corrected to conform with
Deise (1936), who redefined the Cambrian formations.

Age ILittle Belt Mountains

Uppexr Cambrian Dry Creek shale
Pilgrims limestone

Park shale
Middle Meagher limestone
Cambrian Wolsey shale

Flathead quartzite




The Burton formation of southeastern British Columbia
was apsigned by Schofield (1915, p.47), with some miszivinge, to
s Middle Cambrian age. The formation was described (Schofield,
1915, p.43) as consisting of 74 feet of limestones snd shales under-
lain by 3 feet of calearsous grit with a l-foot basal conglomerats
member. The presence of an Albertells fmuna in the upper portion
of the formation implies a lower Middle Cambrien are for that part
‘ of the fomaﬁa/m. Schofisld was tempted to place the coarse
clastic lower member of the Burton formetion in the lower Cambrian,
although he lacked paleontological evidence, However, it would
appear more probeble that the basal Burton clastics represent the
introduction of Middle Cambrion sedimentation and tharefore ars
stratigraphieally releted to the Flathead sandstone,

Overlyins the Burton formation is the Elko formation.
Schofield (1915, p.47), who examined these sediments, stated that
while the exact aan_!;act wes not exposed, there was no evidence of
any structurel unconformity between the two formations, Be
defined the Elko formation, which has & thickness of 1,000 €))

feet, in the following manner:

The lower 30 feet of the Elko formation is composed
of massive, grey, siliceous limestone, weathering grey,
containing indistinct coral-like forme. The limestonse
by gradual transition, passes into & cream coloured sili-
ceous dolomite in massive beds averaging ebout 6 feet in
thickness.

(Rem Creek Section from an unpublished Schofield manuscript)



Lacking decisive faunal evidence, Sehofield (1915, p.49) quoted
Mr, L.Ds Burling as believing, for various ms,sona', the age of
the Elko formation to be Cambrien (post-Burton) and not some
undetermined age in the posi-Upper Cambrisn-pre-lipper Devenien
interval.

In the Flathead area, British Columbia, Crebd (1951,
Pe2l) mentioned the presence of 50 to 100 feet of sendstones,
quartzites and shale which he assigned to & Cambrisn age and
correlated ﬂt}l the Ghost River formstion, This correlation will

be discusgsed in the following chapter under the section concerning

the Ghost River formation.

The amo nt and areal distribution of Upper Cambrian
gediments within the area is relatively small compared with the
widespread, thick, Middle Cambrian section. This lack of Upper '
- Cambrian strata ,résulted partially from non-deposition and
partially from erosion of the Upper Cambrian strata during stege
four of the Sauk sequence which occupled some portion, or all of
the post-Cambrian—pre-}iddle or Upper Devonian interval. Our
present knowledge of the amount of distridution of Upper Cambrian
gediments in the area is limited to meager paleontologicel data

from a few scettered bore holes in southern Alberta.



Figure 14, Croixzan Seaways.
(Deiss, 1941, p.1104)

The paleogeography of Upper Cambrian time (Deiss, 1941,
Pp.1104=1110), which is depicted in Figure 14, saw & narrowing
of the extensive geosynclinal seaway accompanied by more widespread
floodins of the western side of the craton in the centrel area of
North America. The Idaho strait of Albertan time wes obliterated
by pre=Croizan epeirogenic movements which elevated the old "Montania®
aree foreing the western shore of the sea, which lay near the 112°
longitude et the 49° parallel, eastward during the Croixan epoch
until by the end of the epoch the western shoreline lay nearly
100 miles east of the 112° longitude., Withdrawal of the Croixan

sea and the ensuing period of erosion ended the Sauk seguence,



The erosional pericd at the close ‘af Crolman time,
which left & marked erosionel surface on the ﬂav.tia Glen forme-
tion of northwestern Montana, apparently removed all Upper Cembrian
sediment in the area (lord, Hage mnd Stewart, 1947, p.249).
Howaver, immediately northeast of the area, McGehee (1949, p.612)

lomus ef. D. gccidentalis Bell,
gus ¢f. D« gmblie Bell, and Limnsrsonslle
Imperial Provost No. 2 (Led. 1, Sec. 33, Twp. 37, Rge. 3, W.L)

reported the presaence of Dige

gp. from

which, a,ccumlng to W.C. Bell (University of Minnesota), indi-
cated an corly Upper Cambrian age. It seems probable, however,
that while Upper Cambrian strate may be present in adjolining
areas, the statement mede hy MoGehee (1949, p.612) that "most of
the Cembrian beds represented in the plains are believed to de
lower Upper Cambrisn in age® does not apply to the thesie area.
Within the area, Middle Cambrian sediments comprise the largest
portion of the Cambrian section, with a large section of lower
Cambrian sediments being present in southeastern British Columbia

and possibly minor Upper Cambrian remnants present in extreme

castern areas.

The 1ithology, thickness and distribution of Cambrien
sediments are illustrated by Figure 15, Additional datae on the
thickness end distribution of Cambrian sediments in Cansda are

shown in Figure 16, While these two anthors do not agree on @
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Pigure 16, Present distribution and isopachs of Cembrian
system. Small circles are locatlons of control
wells, (Webb, 1951, p.2295)

few minor points, in general, their work concurs so that they tend
to supplement and substantiate each other,

The lithology of the Cembrian sediments, as shown in
FPigure 15, is based on non-clastic — clastic ratios for the

g entire Cambrien section, The ratios used are shown in the
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following table (S8loss, 1950, Dp.A24-L26):

Greater than 16 tesevesseensesss MOTe than 94% clastic
L 9h to 805 clastic

B el ceeeennvenssonne 80% to 50% clastic

1 =1/ veveernsreeseons 505 to 204 clestic

 E-l/16 ceiiiviieerneens 206 to 6% clastic

Less than 1/16 sieverasssncasss less than 6% clastic

Sloss (1950) considered all detrital rocks, such ae conglomerates,
gandstones, siltstonee and shale, as clastics, vhile he claseified
all chemical x"oelm, sach as limestonee, dolomites, cherts, and
evaporites, as non-clastics. On the mape of such units as the
Devonian and Mississippien, where evaporites compose signifiecant
unite, Slose (1950) further segregated the evaporites from the
non-clastics,

On the Cambrian mep, it is interesting to note that both
eastern and weptern borders of the trough contain coarse clagtics,
The degree of clasticity diminishes towards the center of the
trouch with the least clastic portion centered around the Junetion
of the Central Montans trough and the geosyncline, Two major loci
of non-deposition are postulated in Figure 15: one near the Idaho-
Montana~British Columbia border @nd the other in central Idaho.
The first of these loci is in the area of Montania; the second

lies along the ancient srchipelaze of the Pre~-Cambrian geosyncline,
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Chapter V

THE TIPPECANOE SEQUENCE

The Tippecance sequence (Sloss, 1950, P.450) occupied
the time intervael following the erosion of the Upper Cambrien
sediments and pmceﬁ:ng Upper Devonian sedimentetion., There is
less date and, therefore, more speculation, regarding the geologi-
cal events of this sequence than for any other. The result is a
conflict of ideas emong the prineipal suthorities on western
Canadian stmtiémphy regarding the sedimentation and tectoniem
which accompanied the Tippecance sequence.

It 48 the purpose of this chspter to define the forma~
tions which may possibly be assigned to this sequence; to indicate
their pesition and relationship in the straticraphic seection; and,
if possible, to show the effect of the teetonic pattern upon the

distribution and lithology of the sediments.

L No sediments of Ordovician age are known within the ares.
However, a thin section of Ordovician sediments occurs in sou‘ch-.
“western Saskatchewan. Other Ordoviecisn sedm@ts in moining
areas m the thick shale sequence of the south-central Rocky
Mountain trench ares of British Columbia and & thick shale seciion
| in ldsho. The distribution of these aé&im&nﬁs ig shown in Figures
17 and 18, The zero igopach on each map indicates the margins of

the sediment after the fourth, or erosional, stage of the Tippecanoe
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WESTERN CANADA BASIN
(SOUTH PART) HUDSON

Bar
ORDOVICIAN
DISTRIBUTION & ISOPACHS

Figure 18, Present distribution end isopachs of Ordovician
system, (Webb, 1951, p.2297)
sequence, These two maps, however, indicate disagreement regard-
ing the distribution of Ordovician sediments in Saskatchewan.
McGehee (1949, p.61]_.) offered paleontological proof of

the existence of Ordovician sediments in the extreme southwestern
portion of Saskatchewan. The Verbata Ges and 0il Limited well,
"Verbate #2", (Lsd. 7, Sec. 24, Twp, 41, Rge, 24, W.3) encountered
and cored 94 feet (4,327' to 4,421') of highly fossiliferous lime=-

stone which, according to McGehee, contained the following faunas
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MeGehee quoted P.S. Warren (University of Alberta) as saying:

e » o the feune hes the agpect of the Ordovicisn of the
northern sea, which, on the basis of outcrops in areas
to the east and north, may be considered Upper Ordovi-
cien oy Richmond in mge., . . .

The sbove date must, therefore, lesd to an ad justment in the
position of ﬁhn, lower erosionel edye of the Ordoviclarn me shown
in Fipure 17, which, in thie respect, brings Figures 17 and 18
into agreecment.
| The lithology of the Ordovician sediments is shown in
Figure 17. The zeosynclinal area is shown %o contaln more clastiec
sediments than the cratonic area., The sediments on the craton are
more clastic in the eastern than in the western portion of the
eratonic area. There is meager evidence in this lithofacies map
to indicate the nature of Montenia during the deposition of these
pediments, However, it would appear that Montanie was negative
or only slightly positive during Ordovician time since there is no
widence of westward coarsening of the sediments over\the cenfsrall
~eratonic area.
The gosyncline, as illustrated in Figure 17, wase &
4 vather complex unit, The probiem of th‘e nature of the Ordovician
geosyneline is considered beyond the scope of this thesis, However,

the ressoning used by Sloss (1950) to postulate a thick Ordovician
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section in south-central British Columbia (see Figure 17) is dis-
cussed in Chepter III. |

~ There is very little agmémant between Sloss (1950,p.437)
and Webd (1951, pp.2298-2301) a8 to the nature of paleogeogrsphic
events in western North Amerieca during the Silurian - pre-Upper
Devonien interval., Migure 19 illustrates the diletribution of what
33.06; (1950) regarded as Silurian sediments, However, Webb's map
of the Silurian ;nd Middle Devonian, presented as Figure 20, showsd
1ittle agreement with Figure 19, The disagreement is mainly the
result of assigning the controversial Elk Point and %he‘shwt; Hiver
formations to different periods. Sloss (1950) epparently considered
these formations to be Middle or Upper Devonien since he included
them in bis isopach-lithofacies mep (Sloes, 1950, p.438) for the
Devonian system, However, Webb (1951, p.2298) considered the Elk
Point formation es "chiefly Silurian with a possibility of Middle
Devonisn beds bein: included in the upper part," The Elk Point
formation will be defined eand the problem of its age discussed in

the following section,

The formation was Tirst named and defined in 1949 by
MoGehee (1949, p.613). He stated that he believed that "the red

ghale, salt, dolomite and enhydrite seetion", which underiles the
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Figure 20, Present distribution and isopechs of Middle Devonian-
8ilurien. Hachured lines enclose belt of salt
deposition. (Webd, 1951, p.2299)

Waterways formation (Upper Devonien) end overlies the Pre-=Cambrisay
Cambrien, or Ordovician sediments in western Canada, was one forme~-
tional unit, He designated this unit as the Elk Point formation,
McGehee described the most distinetive features of the Bl Point
formation as being "two prominent red shale markers near the top
and a salt member that extends over & large part of Albverta.,® The

areel distribution of this salt member as compared with the extent
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of the formation iz shown by Figure 20. McGehee (1949, pp.609,
610) gave e detailed description of the Elk Point fomation at
ite type locality of Elk Point, Alberts, in the northesstern and |
central porﬁién of that province, Of greater significance in
regard to this study, however, are McGehee's remaris (1949, p.608)
regarding the nature of the Elk Point formation in southern

Alberts., He described it as consisting of

. » oBhaly mottled red snd green dolomites, interbedded
with aniydrite and thin denge slightly silty to argilla-
ceous dolomites and enhydritic limestones, The commonly
conspicuous red shales marking the top of the Elk Point
are here represented ss reddish mottled dolemite and
anhydrite lying below the thick Upper Devonian marine
limestons.

The isopachs on Figure 20 indicate the thickness and distribution
of the Elk Point formation and suggest & thic!mesé variation of

:éro to & probable maximum of 250 feet within the area,

The age of the Elk Point formation has slways been a
d4fficult problem. The following quotations from McGehee (1949)
summarize the informetion aveilable regarding the age of this

formation at the time he defined it:

The age of the Elk Point formatlon ig not definitely
established. Silurian age is sugeested by the fact that
massive Silurisn dolomite at Portage au Pes on the Clear~
water River sppears to dip beneath the Waterways beds at
McMurray. It also appears that the salt eprings found
below Silurian gypsum near Fitzgerald occupy the same gen-
eral position as the salt member of the Elk Polint section
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at McMurray. On the other hand, psleontologicel evie
dence from cored welle iz reported to succest Middle
Devonian sage for the Elk Point beds., Additionsl
paleontological evidence is needed to determine the
age of these strate with certainty. (p.613)

The fosell eontent of the Elk Point formation
is slight, the seetion being composed mpinly of
dolomite, anhydritic limestones, anhydrites, and
salt, and as far as the writer is aware, no diage
nostic types have been found., According %o R.T.D.
Wickenden, & poor specimen of brachicpod was col-
lected by him below the salt member in V.C.b. Fo. 15
at 3,931 feet., A.E, Wilson considered the specimen
a pentamerid foym end, although uncertain of identi-
fiention, she believed 1t muggestive of & Silurian

_type, Sesttered fossil molds of brachicpods,
bryogoans, and orinoid stems, small osiracods, and
snall sesd-like fosails resembling Trechiliscus
have been found in some of the studies,
Prochiliscue forms are recorded below the first
mEssive 8&1t and ars known from the Devonian, and
4f proved to be of a dlagnostic type, would date the
acze of the salt, Peck (4) states that Chargphyia
! Crochiliscus) ere widely distributed in
the Middle and Upper Devonian of North America, The
writer Ras consideved that the preponderence of
evidence indlceted a Silurisn age for this sequence
ineluding ths salt.

However, P.5. Warren has recently disclosed new
evidense regarding the sge of these beds. He reports
having identified Middie Devonian fossils from below
the first salt from cores from & well, drilled since
the writer left Alberte, in led, 11, Bec. 11, T. 50,
R, 17, W, of hth Meridian, If the salt referred to
belongs in the Elk Point formetion, this would date
at least the upper part of that formation ag Middle
Devonisn. (p.610)

Leter papers by Webd (1951, P.2298) and Andrichuk (1951, PP.2375-
2376) regard the upper one-third of the formation as Devonian-

prohably Middle Devonian—in age. Webb (1951, p.2298), although

he lacked positive proof, @ssigned the lower two-thirds of the
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formation to the Bilurian age., Andrichuk (1951, pp.2375-6),
however, preferred to sssizn this portion of the formation %o
a Silurien (1) age. |

Recently, Orickmey (1954, p.151) re-exmmined the
earlier paleontological evidence end congluded the following:

Most of the paleontological evidence has become
available since McGehee's woyk was done, The evidence
available at that time was interpreted in such & wey
as to suggest & Silurian ege for the Elk Peint formo~
tion. For ingtance, stringocephalids seem to have
been regarded mistakenly as pentemerids--an error
that is possible 4in very poorly preserved fossils,
The positive evidence of the charsphytes was not
understood and disregarded, Hence, MeGeheeo's cone
clusion was that the Blkk Point wea msinly of Silurian
age, It ie now concluded that it is entirely o
Middle Devonian age. '

Crickmay (1954,pp.154,157) claimed o Middle Devonlan age for
the Elk Point formation because:
(1) "the Elk v?aﬁ.ut is overlain disconformably by limestonee
. « «[of Middle Devonian sge), land| its upper limit is
within the Middle Devonlan.” (This evidence would indicate
that the ¥lk Point is at least not younger then Middle
Devonian., In itself, however, it does not prove a Middle

Devonian age for the Elk Point.)

(2) Strinzogepielus, BXOS ) :
are found in the upper two-thirds of the formation, are def-
initely of Middle Devonlan age. | |

(3) Begarding the age of the basal one-third of the formation,
Crickmey reasoned that becsuse of suggestive fpasil evidence




in Manitobs avd Alberta, together with "the apparent

contimity of the mections and lack of evidence of an
internsl hiatus, and finally the repested recurrence
of the same lithologie types throughout, it seems

well assured that the Elk Point represents one 1itho-
genetic eplsode and hence time limits within one epoch,
the MAddle Devonian,”

The Blk Paint nay be regarded tentatively, therefore,
a8 Middle Devonian in sge, remembering that the mge of the lower
ene~third of the formetion has not been conclusively proven and
may in fact be somewhat older than Middle Devonian, although

present Information would indicabte that this is not the case.

In 1932, Bume (1932, p.7B) cbserved a group of sediments
in the Waterton lakes area which he regarded as probably Silurian
in age, These sediments are in the basinal area of the Iewis
thrust-sheet east of the British Columbis-Alberta border and
approximately seven miles north of the U.S.A.-Canada border.
Hume ‘s siatement regarding the lithology, stratigrephic relation-
ship and possible age of these sediments 13 as followsy

Above the Cambrisn shales, in the area north of

the Akamina Valley Oil Compeny's property, is &
geries of hard and gritty, messive limestones. In
this area about 600 feet of these beds form a massive
mountain in the centre of the Waterton lekes-Flathead
Basin structure and farther north it seemed ss if a

-
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much greater thiclkness cccurred, The limestones
contain many poor corals and although these are
difficult of definite determinetion they indicate
a Silurdan age.

These Silurien (1) strata have not been described by
any more recent worker, altbough their presence is mentioned by
Crabd (1951, p.22) and by Harker, Hutchinson end Mclaren (195k,
P+53). In general, recent writers seem to have given little or
no consideration to Hume's observation,

w'm;m be remembered that the strate mentioned by
Hume are part of the gigantic lewis overthrust sheet. As the
exact horizontel displacement of this thrust-sheet is unknown,
it may be assumed that the present location of these sediments

is probably counsiderably east and perhaps somewhat north of their

locus of depoeition,

This formation is onse of the most controversial forme-
tions occurring within the ares. The formetion's areal distri-
bution is limited to the zeosynclinal area of Alberta, where it
gutcrops at numerous localities along the front range of the

Rocky Mountains, The Ghost River formation has been described

by deWit and Meleren (1950, p.3) as follows:

gt ] ion (C.D, Walcott, 1923)
The age of the Ghost River fommation is ungersain,

ithology: &lltstone, vari-coloured, delomitic and
% ghaly, and dolomite, The fosrmation forms & conspleu-
?' ous buff to ochre weathering bend, Intraformational
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conglomerates, mud-cracks, ceste of salt eryatals,
aud ripple-marks ocour locally. ‘

Thicknesst mamimum, 250 feet.

Lype 1 Lity: Ghost River canyon north of the
Devils Gap (lelke Minnewenks).

Representative sections ae exposed st Boche Miette,
m{mct Mountain, and near Exshaw above Loder lime-
The upper contect (Fox, 1953, p.191) of the Ghost River forme-
tion with the overlying *Fairholms or Flume formation, depending
on locelity", is disconformable and even "nonconformable in places.®
The lower contect (Melaren, 1953, p.89) of the ﬁ‘m’m.ﬁim is unecone
formable ongtrate of proven Middle and Upper Cambrian ege.

Ho desceription of any ocourrence of the Ghost River
formation within the area could be found in the available litera~
ture, However, deWit and Melaren (1950, p.3) stated that "near
Crowenest Pass, the Chost River has not been described by name,

but published and unpublished sections indicate that 1t 1s alwost

certsinly represented® in that regiom.

As yet, no conclusive proof has been found to date
accurately the Ghost River formation., It has been tentatively
aMaigned to 21l the intervals from Middle Cambrian to basal
Upper Devonian, This paper does not pretend te solve this prob-
lem, nor does the writer mean to infer by including & discussion

of the formation in this section, that the Ghost River formation
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is proven Lower or Middle Devonian in age. In the following
table, an attempt has been mede to illustrate the ?reaent tendm

ency to regard the Ghoest River es Devonian:

Age of

Anthor Yesx and Page Ghost Rivey Fm.
MeConnell 11887  p. 20D Devonian
Walcott 1923 ppb63-l Middle Cembrisn (implied)
Beach 943 p. 10 Middle Cambrien
8loss and laird 1947  p.l42y Upper Devonian
deWit and Melaren 1950 p. 3 Age unknewn
Webb 1951 p.2299 Middle Devonisn mnd Silurian
- Andrichuk 1951  p.2376 Middle Devonien
Melaren 1953 p.e 93 - Middle Devounian

i

McConnell (1887) wams the first worker to assign a Devonian
age to the Ghost River formation, He based this decision on his
interpretation of the stratigrephic evidence, Walcott (1923)
interpreted the same stratigraphic evidence differently and
decided 'shat' the Ghoet River formation was probably of Middle
Cambrian age, Beach (1943), working with a section approximately
thirty miles south of Bow River, collected some trilobites from
wha.t he believed to be the Ghost River formetion., These were
identified as Ehmanis by Dr. C.E, Besser of the United States
National Museum, thus placing the formation into the Middle Cam-
brian, The feunal evidence of Beach (1943) is weakened by the
reported (North, 1953, p.110) presence of Ehmanig from immediately

ipelow the Ghoat River beds in the Kansnaskis eres, approximately
twenty miles west of Beach's (1943) area.  Glark (1949, pp,623~
25) maintained that the trilobites described by Beach were from

Cambrian strate underlying the true Ghost River formation., Sloss
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and Laird, who were working in Montana, :f’mmﬂ. conodonts in theiyr
basal Devonlan formation, Unit C, which were of Senecan (Upper
Devonian) age. They correlated the Ghost River formation with
their Unit ¢ - & formation which possesses the same strati-
graphic relationships as the Grost River formation (see Flsures
26 and 27)s The Chost Biver formatlon has aleo been correlated
with the Elk Point formation of the plains (Webb, 1951, p.2299).
Bvidence regarding this correlotion will be presented in the
following mu?m. It may be stated, however, that the Ghost
River formation is most probably related %o some portion of the
Elk Point formation in time—if not as ansactusl facles ‘e@ﬂmlent
of that portion, |
Andrichuk (1951, pp.2388-2392) presented & lithofscies
iscpach study of vhat he termed the "basal Devonian unit" (see
Figure 21). He 4ncluded in this unit: the Ghost River forma-
tion, the Elk Point famtkiaﬁ, Unit ¢ of Montana and the bagal
Devonian unit of Sloss and Iaird (1947, p.1413) (see Figures 26
and 27)., All these formations are the meult of the sedimente-
tion of reworked Ssul mmﬁts pius varying quantities of non-
¢lagtic sediments and, &8 & result, are simllar in many respects,
Hawmé. the time relationship between these formations is poorly
ynderstood as yet, Sloss and Isird (1947, D.1413) believed that
the basal Devonian styatigraphioc unit tmm%e& time and is
somewhat younger in Montans than in Cansda. This is probably

true if only the lower portion of the Elk Point formetien is
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correlated with the besal Devonian unit (Slose and laird, 1947),
since the Ilk Point seas apparently transgressed Mwbhmrd.
Actually, the Montans section probably represents deposition
et a time of near maximwm imundation, as does Unit C and the
Ghost River (see following section)and therefore is & time correla-
tive of gome portion of the Upper Elk Point formation--probably
below the upper messive salt member,

The lithofacies pattern shown in Figure 21 indicates
a non-clastic evmporite ares generally emst of the Sweetgrass
arch, with moxl-a clastic deposition west and south of the arch,
There is evidence of a source of sediment neay the sneclent Mentenia
area., However, the suitability for lithofecies study of such &
group of strata as has been used for Figure 21 ir questionable,
ae the relotively thicker Elk Point sediments contain s much
higher percentage of carbonmtes and evaporites than the other
formations comprising the basal Devonian unit. The clastic ratios
for the reworked Sauk sediments have become disproportionate in
their areal relationship, If only the basal Elk Point strata
had been considered in relation to the other formations, an
entirely different relationship would be revesled., This proposed
lithofacies study might clarify the esratigraphic relationship
Petween the Ghost River, Elk Point, Unit C, and basal Devonian
formations, as it would 11lustrate the nature of sedimentation

vub exclude the time factor.
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Several theories regmrding tectonism during the Tippe-
canoe sequence have been advanced by prominent authors. These
authors agrce that thick sections of Ordovician end Siluriaen (1)
gedinents were deposited in the geosyncline, with the possible
exception ef the Montania ares where the pieture becomes indis~
tinet, However, theee asuthors show little agreement regarding
the nature of sedimentation over the cratonie aree. Figures 17
and 18, wh&éh/inﬁicme the distribution, lithology and thickness
of Ordovician sediments, have the zero isopach located on the
perimeter of Ordovicien sediments as 1t was located at the end
of staze four, the erosional stage, of the Tippecanoe sequence.

Sloss (1950, Pp.434=4737) theorised that sinece the
Ordovician sediments bordering the present emstern limit of the
Sweetgrass arch were non-clastic in nature--thereby indicating
no shoreline facles--it would be falr to deduce from this evidence
that non-clestic Ordovicien and Silurien (?7) sediments eovered
much, if not all, of thes Sweetgrass arch, Uplift and erosion,
particularly of the Sweetgrass arch in pre-Middle Devonian time
(51v0es, 1950, p.439) resulted in the pré—Midd.le Devonlan paleode
geogrephy as depicted in Figure 19. It iz important to remember
zhat Sloss (1950) considered the Ghost River formation and the
Elk Point formation as post-Lower Devonian in age.

Webd (1951, PP.2296-2300) recognized, as did 8loss (1950),

that the zero isopach of Figures 17 end 18 do not represent the




shoreline of the Ordovician sess at the time of maximum eube
mergence of the Sweetgrass arch., However, since no §ilurian
sediments are recognized by Webd 1@ the emstern Rocky Mountains
(ignoring Hume, 1932), he (Webb, 1951, p.2298) censidered it
prodable that at least the western portion of the Bweetgrass
avch was not imundated during Ordovicisn time, Webb (1951, p.
£298) farther Mﬁagmed with 8loss (1950) by postulating a
broad uplift of the Sweetgrass arch during Upper Ordovicien or
Lower .%hﬁwi’ time, accompanied by erosion which removed the
Ordovicien sediments to thely present pesition. Over this
erosional surface, the Siiurian Elk Point sea trensgressed.(Webb,
1951, PP.2298-2300) depositing dasal Elk Point sediments. This
sea persisted, resulting in the deposition of upper Elk Point
snd Ghost River sediments during Lower (?) and Middle Devonian
time, The distribution end thickness of these formatlons are
ghown in Figure 20, Deposition of Ghost River and Elk Peint
gediments was followed by pre<Upper Devonlan erosion., This
erosional period coincides in time with stage four of the
Tippecanoce sequence, (Sloss, 1950, p.450). However, wheress
Slose (1950) considered the deposition of the Elk Point sedi-
ments a8 following the erosion of Silurian (¥ and Oxdovician
Strata, Webb (1951) considered the Elk Point sediments as being
deposited during the Silurian - ﬁi&dlg Devonian intervals Sloss
made no reference to the erosional diﬁmuﬁ‘omity which Webb

deseribed as being caused by & "‘x:elafsiw:ly brief emergence and
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probably slightly esstward truncetion® of the Elk Point and
Ghost River formations, It would appear, thamforé, that there
ie dhmn@;ar evidence for placing the Elk Point and Ghost River
formations in the Tippeecance sequence than in the following
Kaskaglkla ssquence,

Deiss (1941) took a very decisive stand regarding the
‘ﬁs@%mism of the post-Cambrian--pre-late Devonian pericd, He
ptated (Deiss, 1541, p.1110):

After the Cambrimn, Montenia remained above sea
level, at'least throughout its western part, until
possibly late in the Devonian, During the Ordovielen,
marine waters in central Montans never reached west
beyond the 110th meridilan.

Therefore, Deiss (1941) would have considered the Tippecance
gequence as defined by Sloss (1950) as being non-existent in
northwestern Montans, with Sauk ercsion contimiing until the
Kaskaskian (Upper Devonian) seas inundated the area.

The theories forwarded by Sloss (1950), Webb (1951)
and Deiss (1941) as outlined aboﬁ are obviocusly not in agree-
ment. The writer presents & theory s.n the following seetion
which seems %o conform t§ the deta available and yet draws the

three preceding theories into partisl harmony.

Certain basic essumptions must be accepted before this

theary regarding the sequence of events during the Tippscanoe
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sequence can be considered. These mssumptions are outlined below:
(1) The BElk Point formetion containe no hiafua.

(2) The Ghost River is at least a partial correlative
of the Elk Point formation in tinme.

(3) The strata in Waterton Perk mentioned by Hume

(1932) as Silurien (1) is post-Cambrian--pre-
Upper Devonian in age.

Aceepting the above assumptions, it ie possible to consider the
events of the Tippecance cycle as occurring in the following

sequences:

i .

(1) Imindation of the geesyncline during Ordovician time with
deposition of thick clastic sections in British Columbia
end Idaho, Montenie and the 8weetgrass arch remained
positive, while seas flooded the eastern portion of the

eratonic foreland,

 {2) Regression of the sea in the cratonic area, accompanied
by erosion of Ordovician sediments from the emstern limb

of the Jweetgrass arch,.

(3) Advance of the Elk Point seas westward aecross the cratoniec
aree ecast of the Sweetgrass amchk&uringﬂsam@ undetermined
period, possibly as late as early Middle Devonisn, In the
geosyneline, sedimentation continued from Ordoviecian inte

S4lurien (1) time in British Columbis and Idaho.



(4) For eome umimown period of time, Montenia was imndated by
Tippecenoe sean and received the sediments mentioned by
Hume (1932), Montania wae then re-slevated and apparently
remained posiltive until postmGhost Rivey - pre-Feirholme
time, since Clow and Grocicford (1951) made no mention of
the Ghost River formation in the Carbonddlée River avea
south of the Crowsnest Pese. It is, of course, possible
that Tippecance erosion ig responsidle for this lack of

Ghost River sediments in southwestern Alberta.

/

(5) Over the cratonic ares, the slow, westerly edwancing Elk
Point seas transgressed the eastern portion of the Sweet-
gress arch, This advence was probably delsyed by minor
periods of regression resulting in the deposition of evep-

orites,

(6) At some unknown time, probebly during Middle Devenian or
possibly very early Upper Devonian time in more southern
parts of the ares, aﬁ;mrimi of maximum submergence occurred.
Montania and possibly the crest of the Sweetgrvass arch remaiusd
positive, However, Webb indicated by his mep (Webdb, 1951,
De2299) (see Figure 20) that he believed the cratonic and
geosynelinal seas actually joined, immdating the crestal
ares of the Sweetgrass arch, The sedimenis deposited on
the foreland along the western side of the Sme‘hgmss arch

formed the Ghost River formetion,



(7) Regression of the seas, after this pericd of maximum

fmundation, began the ermiml gtage ¢of the ﬂp@aewﬂa
ssquence in the wat, Withdrawel of the seas cast of
the Sweetgress arch wes slow and accompanied by the
deposition of the upper massive salt member and subse-
quent somewhat snhydritic sediments, As the Elk Point
seas withdrew, the Tippémma erosional surface wes

extended eapiward.

It i¢, interesting to observe that (1) if the sbove
sequence of events is correct in principle, and (2) if the Ghost
River formation iz & trus correlative of Unit O, the lowest
Upper Devenien formation of northwestern Montena, and (3) if the
upper massive salt member of the Elk Point fumtion was deposited
during the resressive phase after the period of maximum submergence,
then the upper massive salt and successive members of the Elk Polnt
formation (or correlatives) must be early Upper Devonian in age in
the southern part of the avea, This deduction deoes not agree with
the evidence supplied by Crickmay (1954, p.154) which indicates &
Middle Devonien age for at least the upper part of the Elk Point
formation, The two apparently contradictory ages given to the
Pippecanoce erosional stage may be recenciled if the erosional

stage transgressed btime, being Middle Devonian in age in central

Alberta end becoming progressively younger to the south until ¢

&

beceme: early Upper Devenian in age in northern Hontana.
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The ercsilon during stage four of the Tippecence sequence
was apparently quite sctive, but of short duretion, The Keskaskisn
seas then inundated the area, commencing the third Paleozolic sedi-

menbary cycle,




¢ Chepter VI

KASKASKIA SEQUENCE

The Kaskaskis sequence, which waes the third sedimentary
cycle of the Paleosoic era, was defined ’b& Sloes (1950, p.l51) as
ineluding the intervel from Middle or Upper Devonian to late
Middle Mississippian (Meramecian) time, Sloss included as the
besel pert of the Keskaskia sequence, sedimente comprising the
Ghost Biver, Unit C and Elk Point formations. However, this thesis,
for the reasons’ set forth in Chapter V, considers the Kaskackia
sequence as excluding the Ghost River, Unit ¢ and Elk Point forme-
tions, which have been assigned to the Tippecance sequence. It must
be remembered that if the short-lived erosional stage of the
Tippecanoce sequence transgressed the Middle~Upper Devonlen time
boundary, the lower limit of Kmskaskis sedimentation also trans-
gressed the same time boundary, The Bundle formation and its
utmﬁimph_ie correlatives, which comprise the uppermost unit of
the Kaskamskla sequence occurring within the area, has been trun-
cated by the erosional stage of the Kaskeskia and Absaroke sequences.
Although some sediments along the western edge of the arves and &
thick section of sediments south of the area répreaent sedinente~
tion during the Absaroka sequence, the Kaskaskia ssquence was the
last Paleozoic cycle from which major thicknesses of sedinents

gt111 remain over the greater part of the ares.



The stratigraphy of the Kaskeskis sequence within the
area, sccompanied by some lithofacles intommtatio#m of its
various unite, is presented in the following sections of this
chapter, Correlations of the type section of the ares with
other type sections beyond the area is indicated. Finally, an
attempt is made to show the influence of the various tectonic

unite on the nature of sedimentation during the Kmskaskia sequence,

This chapter will concern itself mainly with the
Devonian and Mississippian sections in the following three areas:
Orowsnest Pass, Alberta; the southern Alberte plains; and north-
western Montena., The correlation of these sections with each
other and with sections beyond the arsa is shown in Pigure 22,
Figure 23 gives the preferred nomenclature of Kaskeskian formations
within the thesls eres. The Crowsnest Pass section is arbitrarily

designated as the typs section for the area and all other sections

will be considered with reference to it,

In 1887, MeConnell made the first formational subdivision
ai’ the Upper Paleoszoic section in ﬂze Canndian Rocky Mountains,
Most of this work was done in the Bow River reglon which hes
rempined the type section of "formations recognized over extensive

aress in the eastern Rockies® (Beach, 1943, p.10). Beach (1943,
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pp. 10=11, 18, 23) summerised the history of the development of
the Kasksskian nomenclature for the Rocky Mountain region.

Tigures 24 and 29 show this development graphically, as it was

outlined by Beach.

The Devonlan stratigraphy will be described as it occurs
1n\ the general Crowsnest Pass area of southwestern Alberta.
However, it 1s xlmwssary, vhen describing the areal extent and
correlations of the various formationa, to introduce nomenclature
used in Montana, While the Devonian formational names used in
Montans are not defined and discussed, the nomenclature, litholegy,
development and distribution are indicated in Figures 26 and 27,

which follow the discussion of the Palliser formation,

This formation, named by Beach (1943), has lts type
locality in the Bow River area in the front range of the Rocky
Mountains. Subsequent work by deWit and Melaren (1950) divided
the Fairholme formation, as defined by Beach (1943) (see E’igure
24), into two formations., The name "Fairholme® was applied to
the lower formation, while the upper one was called the "Alexo"
formation. deWit snd Mcleren then subdivided the redefined
ﬁ'air‘hnlme formation into upper and lower members, which were

described by them in the foliawinq MANNSY $
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(deWit and MeLaren, 1950, p.3)

T dalomite . massively bedded, light grey to
blwk. mostly coarsely crystalline; charactserisea by
recfs full of stromatoporecids, corale, brachiopods,
and other fossils; scattersed silty layers, especlally

in the lower part of the ssction.

Thickness: maximum, 1,000 feet,
Iype locality: The Devils Gep, Lake Minnewanka.
The contact with the underlying rocks is apparently

conformeble &t all places examined, The member is

probably in part correlative with the Flume formation,
which has a gimilar facies.

(deWit and Mclaren, 1950, pp.3-4)

Iithologzy: nmuch like the lower member, but in
general more thinly bedded. Disphyllumetype corals
are COmmon,

Thickness: maximum, 850 feet,

Type locality: The Devils Gap. ILeke Minnewanka.
The upper member can possibly be correlated with
the Mount Hawk formation of Jssper Park end with

the upper part of the dolomite and dark limestone
geries of Crowsnest Pass,

The lower member of the Feirholme formation is believed
to be (deWit and Mclaren, 1950, p.4) & southern equivalent of the
Flume formation of the Jagper area (see Figure 22) which possesses
‘similar lithology end founa, The upper member of ‘the Fairholme
formation holds the same stratigraphic position as the combined |

Perdrix and Mount Hawk formations of the Jasper section (deWit



and Melaren, 1950, p.5) and may be equivalent to them, Recently,
deWit (1953, p.107) subdivided the Fairholme formation of the
Crowsnest Pass section into Mount Hawk, Perdrix and Flume equiva-

lents &¢ shown by Section 5 of Figure 22,

Beach (1943, p.l5) could not find sufficlent paleonto-
logical data to date the Fairholme formstion accurately., He
aesigned the formation to an Upper and/or Middle Devonian sge.
Warren (1949, p./.566) considered the Fairholme formation as the
basal member of the Upper Devonian, Howeﬁ*er. if the sugsested
eorrelation (Slose and Laird, 1947, p.1427) of the Ghost River
formation with Devonian Unit C (as discussed in Chapter V) is
correct, then where the Ghost River, Elk Point or Unit C formations
do occur in the southern part of the ares, they may possibly be
the lowest Upper Devonian strata present. In any case, it is
{mprobable, for reasons presented in Chapter V, that the lower
boundary of the lower member of the Falrholme formation and equive-
lent members is coinecident with the prer-ﬁid.dle Davonian tine

b O'nndary .

This formation was named by deWit end McLaren (1950,

p.6), who defined it as follows:



ithologys limestone, bedded and brecciated; some
fi:rm sandstone; dolomite; all containing or !.nter-
bedded with silt. . . . Limestone brecclas, which
are present at several places in the Alexo, mey
have been caused by collapege following the solution
of ewaporites,

Ihickness: 100 to 620 feef,
The Gap (Braszseen Range)

Pacles changes in this formation are common (deWit and Mclaren,
1950, p.6)s The Alexmo formation as it occurs in the Crowsnest
Pass is & eilfy/aolomite which hecomes more clastic in the southe
western areas where it has been observed by the writer near Elko,
British Columbia, displaying a quartzitic texture, In the central
Albgr’ta plaine section, the Alexo equivalent occurs s a zone of
dolomitic silt to which Ieyer (1949, pp.591-2) applied the name
BDariing silt." This neme was not used by deWit and Melaren
becense it had been oeccupied prior to layer's paper (19490) (deWit

and Helaren, 1950, p.6) by ancther unrelated stratigraphic unit.

There is considerable confusion in the literature regard-
ing the correlation of the Fairholme and Alexo formations, as they
occur in the front ranges of the scuthern Alberta Bocky Mountains,
with their counterparts northwerd and in the plains, Fox (1953,
p.192) eorrelated the Fairholme formation "with the ‘Waterways'
and Jefferson groups of the southern Alberta Plains and the basal
Devonian and Jeffemon formation o? Montens.® However, this cor-

relation is not in agreement with the stratigraphle and paleontological
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studies of Sloss and Laird (1947), who correlated the Linestone
member of the Jefferson formation of the plains end Unit B of
northwestern Montana (Figure £2, Sec, 7,8 and 9) with the
combined Fairholme and Alexo formations. The evidence for tixia

ocorrelation by Bloss and Laird (1947, p.1427) wes the presencs

fer Jasperensis mone faunal assemblage in the correlated

evonlan following).
The strate of the southern Alberta plairs correlated with Unit B
b# Slose and Laird (1947, p.1426) is referred to by them as the
"Waterways" for;mtion. Fox (1953) assigned the neme "Weterways"
to the besal part of the sectlon, epplying the name "Jefferson”
to the upper portion.

The correlstion of the Fairholme formstion with the

Mount Hewk, Perdrix and Flume formations will be discussed later

The Alexo formation, which Fox (1953, p.19%4) regarded
#5s deserving only member stetus®, was correlated by him with
the Calmar 8ilt of central Alberte and "with the lower part of
the Potlateh group of the southern Alberta plains and perhaps
with the basal part of the Three Forks of Montana.," This is not
in agreement with the paleontological evidence of Warren and Stelck. (1950,
pp.66-68) which indicated that the entire Winterburn formatlox.
is the Alexo equivalent in central Alberta., In Hontana, Unit 4,

of northwestern Montana and the dc}lom'ite member of the Jefferson



formation in the Montane plains ares contein a coral assenblages
(Slose and ILaird, 1947, pp.1427-1428) which ie correleted with
the coral sone of the Palliser formation. Since this coral

sons is post-Alexo, the Potlatoh group, of which Unit Ay is the
bagal member, and the Three Fork formation, which overlies the
Dolomite member of the Jefferson formation carrying this coral
gone, cannot be coneidered true correlatives of the Alexo forma-
tion. It would appear that the correlations made by Fox (1953,
P.194) betwsen the mountain section and the plains of southern
Alberts and Mon;:ana are incorrect with reference to time, If

& correlative unit for the Alexo formation, with the proper time
relationehip, existe in the plains area, it must be found in the
upper portion of the Limestone member of the Jefferson formation,
It must be remembered that even in the front range, the Alexo
formation exhibits & strong tendency to kchange facies, It is
not, therefore, & unit which is likely to meintein its identity
over an extensive area, Furthermore, if a unit shows this tend-
ency to change facies in & trend subparallel to the major con-
trolling tectonic units, it is more limble to increase this tend-

ency in & direction across the controlling framework.,

Much has been written regarding the "reef® and “off-

reef® faciee of the Pairholme formation, The problem will not

be discussed in this thesis; however, a grephic summation of the
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REEF AND OFF-REEF FACIES OF THE ALEXO AND FAIRHNOIME FORMATIONS
(McLaren, 1953, p.91)

Reaf Sequence 0ff-Reef Sequence

("Carbonate™) ("Clastic")

Palliser

6001 -1000" Massive and bedded limestones
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dolomites stones with
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Lower| "Black reefs,” Flume |[Upper | Argillaceous
stromatoporoid and 1501-400" limestones

Amphipors beds, and
bedded dolomites

Lower [Stromatoperoid
and Amphipora
beds, and
bedded dolo-
mites
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relatiomhipn involved, as presented by Melaren (1953. Pe 91)
has been ropmd\wsd in Pigure 25,

A point of interest discussed by MeLaren (1953, pp.9l-
92) was the usage of the term "Blackface Mountain shale." Accord-
ing to him, the term as originally defined by Kelly (1936) has
been misused in the litersture several times, resulting in con-
fueion as to the exmct meaning., Therefore, McLaren (1953, p.92)
regarded it advisable that this term, the "Blackface Mountein

shale®, "be diccarded."

This formation was named by Beach (1943) (see Fisure 24)
who described it in some detail (Beach, 1943, pp.15-17). In 1950,
deWit and Mclaren subdivided the formation into a lower member,
the Morro, and an upper member, the Costigen, which they described

as follows (deWit and Mclaren, 1950, pp.6=7):

Mc Membe

Lithology: limestone, finely crystalline to dense, dark
erey or drownish gray, massive; in part vaguely bedded
and in places altered to dolomite; cliff-forming;
commonly characterized by dolomite tracery on weathered
surfaces, The lower contact is generally transitional
with the Alexzo formation., At Sulphur Mountain, the
Morro member is in part dbrecclated, and is completely

dolonmitized,

Thickness: maximum, 950 feot.

Twpe Area: front ranges of the RocL:y Mounteins near Bow
Bivar. Representative sections are exposed neay Crows-—
nest Pass and Roche Milette,




Zdtholooy: limestone, bedded, fogsiliferous; in ploces
underlain by a varicble thickness of thin to mediume
bedded dolomite and layers of limestone breecia.

The lower part of the Costigzan member contains
cyelical unite of thinly bedded, plabty dolomiie, overs
lain by brecclated or crenulated limestone, These
unite, although they contain less silt, are strongly
reniniscent of those 4n the Alexo formation end, in
part, sven of those in the Chost River, They have an
aggregate thickness of 75 feet at Grotto Hountain and
at Mount Costigen (The Deviles Gmp); about 200 feet at
The Gap (Brazeau Range); and nesrly 350 feet at Lime-
stone Mountain,

The lower part of the Costisan menmber is not
fomsiliferous, The upper part consists of 50 teo 100
feet of bedded limestone, and carries o digtinetive
faunn,
The Pelliser is in part brecciated (deWit, 1953, p.107)

sinilar to the Poblateh formobion of the plaing area.

The Palliser formation of the mountain front area is
correloted (see Pigures 22 ax@ 23) with the Potlatch formation
of northwestern Hontana and the southern Alverts plaing, with
the Webamun formation of the central Alberte plaine, with the
Dolomite member of the Jefferson formation, axx‘i with the Three
Forks formation of Montana, The correlation of the dlagnostic coral

sbospirifer gones of the Palliser formation is earried into

the plains aree of Alberts and Montens, and into northwestern

Montana (Sloss and laird, 1947, p.1428). In the Three Forks area
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of Montuna, & sendy lacles culled the Seppington member wa

dgvalop@é. in the upper part of the Three Vork fom@tion. Where
thie facles has developed, the Cyrtpepirifer founa, typicel of

the upper part of the non-clustic Palllser formetion, has been

replaced b o 8

feuna. (8lose end Ielrd, 1947, ».1428).

Exshow Formeti ¢
The Exshaw formation, as it occurs in the front ronge
of the Roeky Emmtainm, has recently been deescribed by Fox (1953,
/

P¢196) in the following monner:
Type Logality: Jurs Creek, one mile east of Lxphaw
end two miles north of the Csleary-anff highwsy.
Derivation of lame: ¥From the village of Exshaw,
Chayscter: The Lxshaw formation is composed of black,
fissile, noncelcareous to glightly calcareous shale,
eontalning small amounts of pyrite which, on weatherw
ing, may produce & rusty, blotchy stzin on the ocutcrop.
The c¢ontact with the overlying Banff slnles may be
sharp or gradationnl. In one place, where the upper
contect is sharp, the writer foundéd a few pea-silzed,
rounded, black chert nodulss in the top of the Exshew,
Thickuess: Type section 33 feet, averace about 20 feet.
922  er Contact: Usually conformeble and often grade~
tlional, There may be a slight disconlormity in some
places,
Overledin by Benff formation.
Lower Contact: Disconformeble. (¥Fox, 1953, Pe194)
Upderlain by: Palliser formation. (Fox, 1953, D.194)

Fauns: Very small, containing Spirifer lou igienensis,
Agenides, etco. '
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‘ The Exshaw is recognized throughout
aouthem Alberm, except where il has been removed
by pest~Palasozolc erosion,

-

t The Exshew shale was originally included
with the Banff formation. v

Warren (1937, pp.454-457) separated the "black shales® at
the bese of the Banff formatlon from the overlyinz "ergillaceous
limestone unit.® He gave formationel status to the black shale
unit, naming it/ the Exshaw formation largely on the basis of
mega~fossile, which he believed indicated an Upper Devonian age
for the black shale unit (see discussion under Fogsil Zones of
‘the Upper Devonian). However, the formation continues to be
generally accepted as representing the introduction of the Missi-
gsippian eyele of sedimentation,

Throughout the plains area of southern Alberta and
Montana, a black shale persists in the same stratigraphic position
as the Exshaw ghale of the mountain front, In Montana, this black
ghale forms the basal unit of the Paine member of the Lodgepole
formation (Sloss and Hamblin, 1942, p.317). The disconformity
which exists between the Exshaw and Palliser formations in the
front rangze does not exist in the plains, where Sloes and Hamblin
(1942, p.309) and Sloss (1950, p.439) considered the contact

between the Exshaw equivalent and the Three Forks formation
(Palliser equivalent) to be conformsble. Therefore, while the

disconformity found in the front range indicates tectonic movements
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in the geosynclinal area in late Devonian or very early Missi-
geipplan time, there is no indication of & major emergence of the
entire area at that time., The Keskaskia sequence continued and
the Mississippian cyecle of gedimentation waes initisted,

Warren (1949) also mentioned the presence of conodonts

in the Bxshaw shale (see discussion under Fossil

Uppex Devonian). However, no identification of these conodonts
wa.s pu‘blishe&. Other workers have also collected conolonts
from the Exshew and equivalent shales, among whom were Cooper

, /
and Sloss (1943, p.168), who summariged their work in the follow-
ing statement:

Fifty-four species of conodonte are recognized

in a black shale member (Exshaw equivalent) which

occurs at the base of the Lower Mississippian Madi-

gon group over a wide arca extending from Alberta

and western North Dekota to southwestern Montana.

On the basis of the conodont evidence this horizon

jg correlated within the Kinderhook of the Missisei-

ppl Valley and adjacent areas.
They (Cooper and Sloss, 1943, p.169) belleved that "the mega~fauna
of the Exshaw is a relic of the Upper Devonian preserved through
4solation in bthe black shale environment which excluded the immigra-
tion of new forms.®

The age of the Exshaw formatlon seems, therefore, to

remain in doubt. Our kmowledge of the subject may be summarized

in the following three points:
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1) The mege~fauns indicate an Upper Devonian age.
2) The micro-fauns indicates & Miﬁéi%ippmn age.
4) The stratigrephic relationships imply the
commencenent of & new cyele of sedimentation.
Meanwhile, for the purposes of lithogenetic and cartogenetic
study (Sloss and Leird, 1947, p.1420), the Exshaw formatlon and
equivalent units must be considered as the basal member of the

Mississippiean sequence as evidenced by the stratigrephic relation-

ships of the .famtion. '
/

Itk ig difficult to envision the environmental conditions
which would result in the deposition of such a widespread, rela-
tively thin, organic shale as the Exshaw, without postulating
aacentué.ted tecton.‘.‘a” influence, However, there is no evidence of
gsuch tectonic setivity during the dposition of this formation.
Sloss and Hamblin (1942, p.324) offered a possible solution by
hypothesizing a widespread shallow sea segxfegated into meny "more
or less isolated basins,” Periodic floodimg of this multi-basinal
province by clastic-laden sess from the west, plus erosion of the
weslly positive inter-basinal aress, provided the clastic material
for the Exshaw shale. This hypothetical environment offers one
possible explanation for the eametims.conformableusomstimae dis-

conformeble——contact between the Exshaw and the underlying strata.
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The Upper Devonian section of western Canads wee divided
into five fossll sones by Warren (1949) and into fourteen fossil
gones by Warren and Stelek (1950). While the latter ia & more
detailed publication and & wvaluable reference, it is easier to
erasp an understanding of the fossil sanée of the’ Upper Devonian
from the earlier paper. Therefore, thie thesis will make use of
the kﬁrst papsr {Warren, 1949) 4in which the five fossil zones,
ag shown in l‘igx/lre 22, are related (Warren, 1949, p.566) to sec-
tionsg 1 end 7 of FPigure 22,

The Tornoceras zone, the uppermost of the five fossil
sones, is "restricted to the Exshew shale® (Warrven, 1949, p.568)
and to its stratigrephic equivalents, This zone is characterized
I. ynisprulare
{Conrad) end some poorly preserved pelecypods." Warren (1949),

by "a considersble abundance of Zornc

 P.568) noted the presence of conodonts in this zone, However,

he stated 10 age determination for these conodonts., As American
geologists have identified the conodont faune in the Zxshaw
equivalent 2s Mississipplan in age, and as the Exshaw shale ig
generally conceded to belong to the mssissippmn cycls of
gedimentation, it would appear imperative that an accurate &ge
be determined for the conodont feuna of the Exshew shale. It
apparently remains for the age ‘ikdentifi‘ea.tien of these conodonts
to declde whether the Tormocerns fauns, as identifled by Warren
(1949), 1s as diagnostic of an Upper Dewnian ace for the Exshaw

shale, as has hitherto been assuned,
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zone underlies the Tornoceras zone and
generally includes "the upper 600-800 feet" (Warren, 1949, p.568)
of the Palllser formetlon. The Cyrtospirifer sone ie cheracterized
by the following feunsag

Productells coloradoensis Kindle
Camarotoschia hovsfordi Hall
Cemarotoechia nordegel Kindle
Ielorhynehua, eeveral specles
Cyrtospirifer cf. C. whitneyl
Athyris angelica Hall

Warren (1949, p.568) noted that the Cyrtospirifer zone may contain

two gub=gones as indicated below:

Cenmarotoechia nordegsi

Athyris angelica

Upper sube-gzone

Cyrtospirifer Zone - —

Lower sub-gone | Lelorhynehids

Dolomitization destroyed many of the fossils in the Cyrtospirifer

Z0ne.

A corsl zone, which has often been badly dameged by dolo-

mitization, underlies the Cyrtospi » goneé, Although corale are
not ebundant, *Diphyphylum" colemense Warren, Cladopora sp., and
Poillipssstres characterize the coxel sone, The coral zone is
noted (Warren, 1949, p.569) es probably overlepping the underlying

Spirifer Jespevensis zone and the overlying Gyrtospirifer sone.



Spirifer Jjagperensis Warren is the marker for the
Spirifer Jesperensis zone, Thie sone, which occuplee most of the
Upper Devonian strata below the cm;a.i Zone, contains an ebundance
of the following fauns:

Cladopore sp.
"Diphyphyllum" colemanse Warren

Lingule spatulate Vamuzem
Chonetes deflecte Hell
Productella hallans Walcott
Schisephoris stristula Schlotheim
leiorhynchus athabagkense Kindle
Leiorhynchus albertense Warren
Fugnax ep.

Spirifer raymondi Haynee
Martinie nevadensis Walcott
Atrype, many species

QE‘ rtina roclgmontans Warren
Bactrites aciculum Hall

Gonlatites of the Manticoceras type
Buechiela retrostriata von Buch

Entomis serratostriata Sandberger

The Spirifer jasperensis zone in the "Blackface Mountain shele® aund

equivalent strate may be divided into two sub-zones &g indicated below:

Atrype
Sehigophoria
Leforhynchus albertensis

Upper subegone ... Cyrtine rockymontans
Productells hallanse
Chonetes deflecta
Spirifer jesperensis
Spirifer reymondi Haynee

¢f. 8. mucronatus Conrad

Spirifer Jjesperensis zone

Atrype (maximum development of
the genus)

SUD=Z0NE Lo ,
Lover sub-2o Schizophoris




=98

The lower part of the Spirifer Jasperensis sone below the "Blackface

Hountain shale® is dominsted by the following fauna:

‘Spirifer Jjasperensis
Leiorhymclg

Productells hallens
Martinia, meny species
Hartinia nevadensis Walcott

Buchiols retrostriata
Entomis gerratostriata

Atrypa (present but not ebundant)

The Spirifer Ja épgreggig gone, therefore, occupies the greatest
thickness and mlcst fassiliiferm part of the Upper Devonian sedi-
ments of any of the described fossil zones,

The lowest fossil sone of the Upper Dewvonlan strata is
the Stmmtaporoid zone which occurs in the Flume and equivalent
formations. The Stromeioporoids oecur "in thick beds or reef"
(Warren, 1949, p.570) ususlly dolomitized so that specific Henti-

\ 'fimtitm is difficult.,

The five Upper Devonian fossil zones described above are
ehiefly useful as guides or alds in other pheses of dratigraphic
work rather than as markers of specific limited horlszons, For more
detailed paleontologicael studies, Warren and Stelck's (1950) more
1imited faunsl zones may be of greater value,

Two additional papers have been published very recently
discussing stratigrephic paleontologicel relationships in the Upper
Devonien stratae of wesbtern canadg. These papers are not dealt with
in this thesis other than to state briefly new mfamtian particu-

larly affecting the thesis area. One paper, by Fox (1954), ie
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chiefly concerned with the clarification of the Upper Devonian
nomenclature north of Crowsnest Pass. Peleontologienl evidence
is presented which indicates that the Zornoceras

least part of the Cyrtompirifer sone (Warren, w@),m be of

Mississipplen sge. Fox (1954, p.130) sugeests that the Devonian~

Missiesippian boundary mey be within the Palllser formation
“possibly as fer down as the base of the Costigen member.”

| The other paper, by Mclaren (1954), is chiefly concerned
wlth the aon@tifn of the Upper Devonian sediments by meens of
rhynchonellids., The relatlionship of the stratigraphic units %o
the rhynchonellid ,ones end the principal fospils of sach zons
is presented in Figure 28, Meleren (1954, Tp.167-168) also cone
siders the problem of the age of the Exshaw formation and coneludes
that while the original faunal assemblaze of the Tornoceras sone
as presented by Warren (1937) indicated an Upper Devonian ege,
this faunal evidence was insufficlent to meke this age determing

tion conclusive. Melaren (1954, 0.168) does not offer an alternative

age for the Exshew formation,

The Missipsippian sediments seem o represent 2 major
pedinentary cyele within the Kaskaskie sequence, This cycle
commenced with the deposition of the Txshaw shale and continued
until the close of the sequence when, throughout the aree, the

Miseissippian strata suffered arogian. In addition to this, the



FORMATIONS | RHYNCHONELLID ZONES

EXSHAW

Costigan
Member

PALLISER

Morro
Member

MOUNT HAWK

PERDRIX

Upper
Member

Lower
Member

Ghost River,
Ordovician
or Cambrian

Nudirostra gibbosa seversoni

Nudirostra gibbosa walcotts

Nudirostra albertenss

Nudirostra insculpta

Nudirostra athabascensis

Pugnoides kakwaensis

IMPORTANT FOSSILS

Productells cf plicata,
f,_yl{(w,[ulr/m of kindlen,
Strophopletira notabils,

Productella lata, Camarotoechia banffensis,

irifer cf anima

aldtia, Cyrtospirif,

rigosus, Tenticos

Thomasaria rockym

urensis e 1909 (non M
Eleutherokomma cf ham
“\G“!«’\l:‘l.'! cf -u“.uu.,h,

Athyris parvula, Bactrit

Atrypa cf albertensis, A cf independensis
SP”I/DV :( E’ﬂgt?lmdnﬂl’ C)’I;‘lﬂ‘l f,-://rngs:
Athyns small sp

Pigare 28, Rhynchonellic

in the Canadian Rocky

gones of Upper Devonian
! foun Lain

( {claren, l(,’j" N :J.ll'::.})
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erosional stace of ths Absaroks sequence, which entirely removed
Absaroimn sediment from all but the extreme western and southern
parts of the area, further eroded the Kaskaskism sediments., The
result of the second period of erosion was e major unconformity
between Kaslmskian and Absarokan gediments and the overlying
Jurassics

The Miselseippian formations of the Keglmslkis sequence
have been described as they occur in southwestern Alberta. T‘a&
correlation of these formetions in southwestern Alberte with their

/

correlatives in Montens is shown in Figure 30 (see under Correlation

g following).

The Banff formation ag 1% occurs in the Crowsnest Pass

ares has been described (Beales, 1950, Table 1) as follows:

1,200% feet
Black shale and argillaceous limestone, with chert,
The upper 1.000.*. feot consist of celcareous shale

and cherty argillaceous limestone.
The lower 150 to 200 feet are thin-bedded blaclk shales.

However, this deseription includes the Exshaw formation which
occupies the lower L4 feet (deWit, 1953, ».106) of the basal shale
nember, A more complete description of the Banff formatlon wes
presented by Douglas (1953, p.78) in which he described the formge

tion ms it occurs in the Mount Head arse of the upper Highwood
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River valley, a féw miles north of the area along the front range
of the Rocky Mountains, |

Thicknees
Faet

Coarsely crystalline limestone with argillaceous

matrix, interbedded with finely crystelline

argillacecus limestone and 30 feet of arenaceous

granular dolomite 4n middle . . . .+ + 4 . . . s . 150
Middle part

Pinely brystalline, argillaceous limestone and

dolomitic limestone, eparsely cherty, with rare,

thin, medium-crystalline limestone. . . . . . , » 600
Lower part

Pinely laminated shale with fine-grained, arena-
ceous, grenular dolomites at top and base . . . . 180

Underlying beds--Exshaw formation

The Benff formation is essentislly & "transitionel" formation (Fox,
1953, p.197) -- from Exshaw clastics to lower Banff clastics and
carbonates -~ to upper Banff carbonetes and minor clasties -- to
Rundle non-slastic sediments, The Exshaw-Banff contact is "usually
conformable and often gradational® with a slight disconformity in
some areas, while the Banff-Rundle contact is usually conformeble
but with slight» disconformity observed in the Moose Heuntain ares
(Fox, 1953, p.196). Since the Banff-RBundle contact is gradational,

1t wes necessary to define the contact arbitrarily. This wes dons
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by Warren (1927, 1».27) who pla.c&d it at "the bottom of the lowest
bed of coarse~grained limatom." This besal Hundle sirste wes
described by Douglas (1950, p.13) as "coarsely crystalline, light
grey weathering limesgtone,"

A brief description of this formation as it occcurs in the
Crowsnest Pass 18 given in the following execerpt by Besles (1950,
Chart 1):

/

1,600 to 5,300 feet

Grey limestone with chert, fossiliferous in places;
uniform sequence of thick, massive beds of
light grey, coarse~grained limestone, with
minor fine~grained dark grey beds; the uppere
most 300 feet consist of thin-bedded, buif
weathering, fine-grained beds, The formation
thins to the east, There is no spparent break
with the underlying Banff formation,

North of the Crowsnest Pass in the Gep area of the Livingw
stone Range, Douglas (1950, pp.12-17) subdivided the Rundle formation
into four members on the basis of ite lithology. These members he

described as follows (Douglas, 1950, p.13):

. Thickness
overlying beds--Rocky Mountain formation? Feet
Contact diesconformeble?

Rundle formation

Hember D:
AT

Pine-grained, blocky, grey limestones; fine-

grained, buff dolomite; chert and limestone

breccias; crossbedded, arenaceous dolomite;

thin, porous limestone; green shale . « « « 250

(Membsr D now ineluded in Hocky Mountain formation)
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Nember Gt

Messive to thin-bedded, fine-grained, black

limestone, very hard, dease, and brittle,

breaking with a conchoidal fracture; some

thin, black, colcarsous shale and buff,

coarsely crystalline limestone . . » o o o « & 200
(Member ¢ now uppermost member of Rundle formation)

Menbex B:

Thin-bedded to platy, Tine-grained, argile
lageous dolomite, weathering buff to dark
brown; messive, fine-grained, cherty, grey
limentone and dolomite « « « « ¢ « o 2 0 o o o 480

Yember A: ' |
Messively bedded, grey dolomite, grey wsathey-
ing, with chert in stringers and blebs; massively
bedded, buff, coarsely crystalline, grey lime-
atone, light grey weathering; with basal bed B0
fﬁﬂtthiﬂk»oo-oov»onn'onoa.- 790
Total thickness of Rundle formation 1,720
Contact conformeble

Underlying beds--Banff formetion

Recently, Donglas (l953. p.68) tentatively divided the Rundle into
two formations reising the Rundle formation to "group status® (see
Figure 29), The lower formstion he named the Livingstone formation,
which is equivalent to Member A of the Gap section, The upper
formation he named the Mount Heed formation, which is equivalent

to Members B and € of the Gap section, Member D of the Gep section
1s now considered to be the basal member of the Rocky Mountain
formation, Dougles (1953, p.68) has further divided the Rundle
Group of the Hount Head area so that the Livingstone formation has
been subdivided into two members, while the Mount Head formstion

has besen subdivided into six members.



Figure 29, Historical Development of Mississippian Nomenclature
in Western Canada,
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In 1948, Laudon (194:8) published & paper steting his
paleontological and stratigrephle evidence for an erosionasl break
within the Rundle end equivelent formations which could be cor-
related from the central Canadian Rocky Moun'eins to the upper
Mississippl valley and New Mexico (Laudon, 1948, ».288), He
deseribed this unconformity es it occurs in the Banff ares in
the following excerpt (Leudon, 1948, p.296):

The Meramec portion of the Rundle formation rests
with marked unconformity on limestones of late Kinder-
hook &s¢ in the Banff area. The contact is everywhere
overlain by basal shaly sone that often carries
phosphatic concreations and fish teeth. The change in
1ithology 1s abrupt, although both are limestones,
Typical St. Louis lithology eppears immediately above
this contact. Sufficlent work wag not cormpleted in

the ares to determine the amount of relief of the
Kinderhook surface,

Canadian geologists heve neither refuted nor substantiated this
worlc done by lsudon, However, when Douglas (1953, p.68) subdivided
his Rundle group, he placed the contact between the Hount Head
and Iivingstone formations below the arenaceous, often shaly,
dolomltic oi‘ limy Wileman Member of the Mount Head formation, and
gbove the upper coarsely crystalline limestone Turner Valley
member of the Livingstone formation, Therefore, Leudon (1948) and
Douzles (1953) seem to agres that & two-fold formational division
should be placed at the base of the intermediate ghale in the
Bundle fornné.tion. Douglas (1953), however, mede no mention of the
presence of an unconformity at this horisén por at any horizon

within his Rundle group,



The combined Banff and Rundle fomtioné hold the peme
stratigraphic posltion as the Madison group of the southern Alberta
plains and Montana, as illustrated in Figure 23 and Figure 30. On
stratigraphic and lithological evidence (Sloss and Hamblin, 1942),
the Rundle formation has been correlated with the Mission Canyon
formation, and the Banff formation has been correlated with the
Lodgepole formation, minus the basel shale whieh is equivalent %o
tixe Exshaw formation, However, Brown (1952, pp.75-80) showed
that certain fémml groups found in the Bundle formation of the
Canadian Rocky Mounteins also occur in the Upper part of the Big
Snowy group of eastern Montane which belongs to the Absaroln seguence,
He has not ascertained {fhat;her these founal aesem’nlé.gas ere accuré;te
index faunas, However, he prepared a chart (Figure 31) showing
possible correlstion of the Banff and Rundle, based on these faunas,
It appears, therefors, that the Rundle formation is an equivalent
gtretigraphic unit to the Mission Cenyon formation but represents
a prolonged intervel of sedimentetion., This theory is gubstane
tiated by the fact that while the formations are lithologically
similer, and indicmte similar environments, the Rundle section of
the front ranze has an average thickness of 3,000 feet as compared
with a probzble average thickness in the Mission Canyon formation
of approximately 700 feet (pre Absarokan erosion) (Sloss end
Hamblin, 1942, pp.319-324). Sless (1950, p.ih2) observed that &
Spronounced disconformity® aapargteé. Keskaskian snd Absaroken sedi-

ments throughout the area except in the geosyncline and near the
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axie of the Williston basin, 8ince the Willlston basin was & locus
of deposition of Big Snmowy sedimente, 1t is conceiveble that some
founss pregent in the Mission Canyon sedimente persisted through
the period of clastic deposition of the Kibbey formation and on
into late miéaisaippian time, Therefore, it is possible for the
post~Charles sediments of the Big Snowy group, which belong to the
Absaroks sequence of sedimentation, to carry certalin fauna found

i{n the Rundle sediments of the Kaskmslkie sequence.

It must be remembered that geologists working in Montans
consider the ha:sal ghale of the Paine member of the Lodgepole
femtion es Mississippien in age, While wcag;nizing that the
equivelent strata, the Exshaw formation, probably belongs to the
Miseissipplan eyele of gedimentation, Canadian geologists heve
generally regarded the Exshaw as Devonian for reasons previously
presented in the discussion of the Exshaw formation,

In the plains area of southern Alberta and Hontensa, the
Migsissippian strata belonging to the Kaskeskle sequence are
assigned to the Madison group (Pigure 23). The present distribution
and thickness of this group are illustrated in Figure 32. The
ares has suffered two major periocds of tectonic unrest since
Feskeskion sedimentation: late Kaskeskien and late Absarckan;
‘and three periods of erosion; Keskaskian, Absarokan end current,
gince tﬁe deposition of the Madison sediments, Therefore, while

the isopachs in Pigure 32 generally delineate the tectonic elements
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of the area as outlined in Chapteyr III, this mop 4in itself does nob
indicate that these elements were differentisted during HMadison

deposition, but mersly thnt they were differentiated during andfor

gince Madison deposition,

willis (1902, pr.316, 324) applied the name "Yakinikak?
to & 1imestone formation cutcropping in the MacDonald Renge wesh
of the north fork of the Flathead River in the vicinity of the
49° parallel. %11115 observed that the Yakinilkml formation rests
conformably on a quartzite formation, Sloss (1945, D«309) end
Cradd (1951, ppe31-32) believed that the Yakinikak formation
actually represented part of the upper Rundle formation, the
formation of which the MecDonald Range is largely composed {Crabb,
1951, D.31) which, with the Rocly Mountein (*quartzite®) formation,
wae overturned and thrusted from the west over Beltian sediments.

The term "Yalkinikek formation" is now unnecessary and should be

regarded as obsolste.

In the Cranmbrock, British Columbia, erea, Schofield (1915,
PP.53-56) described two formational units te which he assigned
Devonien-Carbonifercus agees The lower unit consists of 150 (4)

. feet of “massive to thin-bedded siliceous limestones" with &
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hrecclated and recemented aaﬁﬁy limestone" bagal member. This
formational unit wes @ssigned to a Devonlan Jefferson (1) are and
was referred to as the Jefferson (7) formation on the basis of
the‘fellowing founs, which were collected from it and identified
by Dr. Kindle (Schofield, 1915, p.5&):

Atrypa reticularis

Spirifer plononensis

Stropheodonta sp. undet.

Schigophoria cf. gtriatulas

Orthothetes chemngensis var. arctostriatus

The basal contact of the Jefferson (1) 15 obscured, but is apper-
ently diaéonfarmabla on the Purcell series,

The upper formational unit comsists of approximately
1.@00 feet of "grey, crystalline limestone® containing the follow=
ing feuns identified by Dr. P.E. Reymond (Schofield, 1915, p.56),

as indicating a "Mississipplan age (Lower Carboniferous)®:

Camarophoria explanata (McChesnsy)
Camarotoechia cf. C. metallica (White)
Composite madisonensis (Girty)
Cleiothyrdine crassicardinalis (White)

Spirifer ef. S. centronatus (Winchell)
Productella cooperensis (Swallow)

Schofield (1915, p+55) named this upper unit the "Wardner" forma-
tion, The contact between the Jefferson (?) formation and the
Wardner formetion is obscured, but Schofield {1915, p.55) believed
this contact to be conformeble, The upper surface of the Wardner

formation is eroded and covered by Pleistocene glacial deposits,
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The resbricted dis‘tribut‘im of the Jefferson (1) ami
Wardner formations mekes 1% difficult to £it these sediments into
the lithofacies and isopach studies 1llustreted in this chapter,
If the present thickness of these sediments spproaches the uneroded
thickness of Keslmskian sediments in this aree, 1t would imply e
tremendous thinning in the area generally believed to be within
the geosynclinal unit, Detailed studies of these Devonian-
Carboniferous strate in the Hocky Mounteins, made in the light of
recent deteiled studies of Xmehksskian sediments in the Rocky

/

Hountaing and plaine area, mey provide considersble evidence regard-

ing the tectonic events of the Kmskaskie sequence,

Diring stage three of the Kaskaskia sequsnce, the Willsston
basin exhibited a strong negative tendency, thus forming a locus
of accumilation for the Charles formation, The areal distribution
of the Charles formation, which was limited to the Williston
basin, and its Vstmﬁ.gr&phic relationship to overlying and under-
lying strate is depicted in Pigure 30 end Figure 33. The Charles
formation is the basel member of the Big Sunowy group, the remainder
of which will be discussed in the following chapter.

The Charles formetion is chiefly an eﬁparitic it
(?arfy and Sloss, 1943, Pp.1299-1301) "characteriged by light
colored earthy limestones and dolomites . . .interbedded with

eveporites (chiefly anhydrite) in beds approaching 100 feet in
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thickness." Salt and variecoloured shales arc common while the
top few beds are often sandy. The Charles formation is inferred
(Perry and Sloses, 1943, 1.1301) %o be in conformable, probably
gradationady contaet with the underlying Missilon Canyon formation.
The contact of the Charles formation and the overlyling Kib’bey
formation has been considered gradational (Perry and Sloss, 1943,
Pe1301). 8loes (1950, pl.odd), however, stated that a discon-
formity exists between these Sormations execept in the axial sree
of the Willigton basin,

The Climrles formation was assigned %o the Big Snowy
group by Sescer (1942, p.86L), who named and defined the unit,
However, if the regional interpretation as presented in this
thesis is correct, end the Eibbey sandstone represents the commence-
ment of sedimentation of a new regional tectonic and sedimentary
goequence, then the Big Snowy group contains sediments belonging
partially to the Kaskmskis sequence and partially to the Abserchz
sequence, The advisability of retaining such a group classifica-
tion would sppear to he questionable, Perhape, once the regional
data is fully established and proven, it would be more desirable
to remove the Charles formation from the Big Snowy group in order
to sabisfy the regional conditions, than to contimue to regard the

formation as & member of the group on the basis of local evidence,

The XKaskeskia sequence exhibited the four stages (Slosg
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1950, pp.439, 451) which typify the Paleozolc sequences, It
varied from the other sequénees. however, in the inter- |
relationship of the warious sté,ggem. Scage one, in which the
yarious Yectonic members are undifferentime&. existed until
late Upper Devonian time. Stege two, the differentistion of
the various tectonic elements, was & cradual stage continuing
until late Migsion Cé,nyon deposition., Stage three, the cul-
minetion of the differentiated tectonic elements, was relatively
more sudden, resulting in the cessation of deposition in the
Sweetgrass arc:lh area, and continued deposition in the geosyn-
 ¢line and the Williston basin: the upper part of the Rundle
formation being deposited in the geosyncline, and the Cherles
formation being deposited in the Williston besin., Stage four,
the erosional stage, resulted in erosion throughout the area
fexcept in the geosyncline and along the axis of the Williston
bagin." (Sloss, 1950, p.4ul). This late Keskeskian surface
was then covered with clastic sediment by the onlapping Absaro-
ken sea.

T!;e Devonien sediments of the Kaskaskia sequence have
been analysed by Andrichuk (1951), who mede a detalled litho-
facies study of these sediments. His lithofacies and isopach
interpretation of Up}ger Devonisn sediments is presented in
Plguve 34, This study contains those Devonian sediments assisned
to the Keskeskia sequence in Figure 23, including the besal
Devonian unit (Sloss end Iaird, 1947) of Montana, and excluding

the Exshaw formation. The atudy also excludes puch Tormations
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es the Blk Poiny, Ghost River and Unit C of Montone, which have
been previously assigned to the Vippecanoe eeqnenﬁe. Figure b
indicates & widespresd, highly nen-clastic, carbonate-rich
environment of sedimentation, The lithofacles pattern does not,
apperently, refleet any control over the nature of the sedimenta~-
tion by the various tectonic elements, The isopschs, hovever,
show repid thickening westward in the geosynclinel ares, but

do not indicate any differentistion of the tectonic elements of
‘the craton, An exception to this statement is the Wyoming shelf
south of the ;ram. which persisted as a low positive element
upon which the seas onlepped throuchout Upper Devoniaen time,

The Upper Devonian eedimﬁnfa represented in Figure 34
have been subdivided by Andrichuk (1951_) into three unite, for
which isopach-lithofacies studies were prepared. The lower unit
has been named the lower limestone unit (Andrichuk, 1951, pp.2376-
2378) and inecludes "all but the uppermost beds of the Fairholme
formation® and equivalent strate in the plains area, The litho-
facles and isopach interpretation of the lower limestone unii
' is presented in Pigjure 35. It is again apparent that the only
tectonic elementis affecting sedimentation are the zeosyncline
and the Wyoming shelf. The clastic area in the northwest is
{nterpreted (Andrichuk, 1951, p.2394) as indlcating & soufce of
gediments to the northwest beyond the limits of this work,

The next unit studied by Andrichuk (1951, P?,2380~2382)

was named the dolemite-sveporite unit, illustrated in Figure 26,



LOWER LIMESTONE UNIT

ISOPACH 8 LITHOFACIES
NORTHERN ROCKY MOUNTAINS — GREAT PLAINS
CLASTICS

| /8
EVAPORITES CARBONATES
EVAPORITE RATIO

THICKNESS
CLASTIC RmAT!Q
EVAPORITE RATIO

QUTCROP STUDY
PUBLISHED SURFACE SECTION
SUBBURFACE BAMPLE STUDY
ELECTROLOG STUDY
PUBLISHED SUBSURFACE BECTION
5t a0 miLes
1981
2.4 ANDRICHUK NORTHWESTERN UNMIVERSITY |

Fi-(';llre 35 .

Isopach and lithofacies map of lower limestone
unit in northern Rocky Mountains and Great

Plains areas.

(Andrichuk, 1951, P.2391)




DOLOMITE-EVAPORITE UNIT
ISOPACH 8 LITHOFACIES

NORTHERN ROCKY MOUNTAINS — GREAT PLAINS
CLASTICS

4
EVAPORITES CARBONATES
EVAPORITE RATIO

N’  THICKNESS

CLASTIC RATIO

EVAPORITE

ourcnor duov
PUBLIBHED

RATIO

SURFACE SECTION

BAMPLE STUDY
ELECTROLOG STUDY

PUBLISHED SUBSURFACE

SUBBURFACE

SECTION
e~ ———
0 20 40 miLES

0Ll
LM ANDRICHUK NORTHWESTERN UNIVERSITY

Figure 36.

Isopech and lithofacles
unit in northern Rocky Mount
areas, (Andrichuk, 1951,




~113-

This unit includes the uppermost beds of the Failrholme formabion,
the Alexo formation, and all but the uppermost beéa of the Palliser
formetion. These formations and thelr equivalents are illustrated
in Pigure 23. As shown j.n Pigures F and 35, with the exception
of the Wyoming shelf, the tectonic elements of the craton do not
influence the isopach pattern to any marked degree, although the
western trend in the northern areae gracuntes towards the northe
weet, While an evaporitic area developed in east-central Alberta,
& somewhat élﬁstic ares persisted in the northwest, Andrichuk
(1951, D.2399) believed the evaporite development was controlled
by the development of a resfwcomplex between it and the clastic
aree, He considered this reefwcomplex, which restricted the
southward circulation of the waters from the northwes$, combined
with @ deerease in the rate of subsidence in the Sweetsrass arch
axe&, to be responsible for the increeged evaporitic vatio In

this area.

The final stege of Devonian sedimentation wes the deposi-
tion of those sediments assigned by Andrichul (1951, p.2382) to
his post-evaporite unit. This unit is composed of the upper few
beds of the Palliser formation and equivalent strata, but it
excludes the Exshew formation which Andrichmk regarded as belong-
ing to the Mississipplen cycle of sedimentation, The deposition
of the post-evaporite unit marked the development of stage two
of the Kaskagkla sequence, Figure 37 illusirates thé depositional

areas of this clastic unit with qacaﬁisna1~areas of nonedeposition
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over the Sweelgrass arch. In the southesct, the Wyoning shelf
becane strongly positive, supplying the elastic meterial for the
Sappington member of the Three Forks formation (see Fi,nre 23),
The black shales introduced the Mississipplen cycle of sedimento-
tion. These shales were deposited on the post-evaporite unit
throughout the area. Over most of the ares these shales and the
underlying strats are in conformmble contaect. Along the geo=
syncline and in the area of the Wyoming shelf, however, this
éontact becomes increasingly disconformable, adding further
evidence of aétivity of the tectonic elements towards the closs
of the Devonian peried.

The Mississgipplan sedimente of the Kaskaskia sequence
have been analyzed dy Sioss (1950, ppeidl-lidy), who presented a
1lithofacies-igopach map of this group of sediments, shown in
Figure 38, Unfortunately, there is no published lithofaclies
study of portions of these sediments similar to the work done by
Andrichul (1951) on the Upper Devonian, However, Figure 38
indicates the effect on mdimentation of the various tectonic
elements, The isopach pattern mekes the tectonic fremework 7
easily discernable, The evaporitic Charles formation, deposite&
late in the Kaskaskia sequence, resulted in an eveporitic facles
which outlines the ¥Williston basin and indicates the position
of the Central Montans trough, To the west, the geosyncline
shows greater thiclknes:es of sediments than the cratonj while to

the gouthwest, in Idebo, the geosyncline conbains "giliceoue
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argillites and greywackes® (Sloss, 1950, p.442), indicating
eugeosynelinal con&itioné. The presence of cearﬁe ‘eonglomerates
in Ideho "sugrests an orogenlc source aree on the west” (Sloss,
1950, p.idd), The Sweetgrass arch exhibits thinning of sediments
and, in general, coarsey sediments thon adjoining sreas, These
sediments become increasingly clastic to the northesst. Howevey
the Mississippian Kaskeskian sedimente are predeminantly carbonete-~

rich and in this respect they are similay to %the Upper Deveonisn

Keskaskian sediments.

Within the Kaskeskis sequence, there were three separate
sedimentery cycles, which apparently existed throughout nmost or
all} of the aresa: +two in the Upper Devonian, and one in the
Misecissippian., The first cycle corresponds to the lower lire-
stons unit of Andriechuk (19:51), the second cycle includes the
dolonite-evaporite unit and the post-evaporite unit of Andricimik
(1951), while the third and final cycle commenced with the
deposition of the Ixshow shale and equivalent strata, and wag
terminated by Kaskaskian erosion, Within these three cycles,
nmeny authors have noted verious types of seéimenﬁmy«aometimea
interformational, and sometimes intraformational. Authors who
have written or remarked on this subject Ancludes: Andyichuk

(1951), Beales. (1950), and deWit and Mclaren (1950). The
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cycles within the Kaslmslkian sequence will not be disecusged
further in this thesis except to mention the probebility that,
whether of large or small ma;nitude, they reflect some sort of
tectonic controle~the smaller intreformational cycles possibly

indiceting & "pulsation" movement in the tectenic framework,

Data presented by Crabb (1951, p.28) regarcine the

thickness of /the Koskasldan strata in the Flko, Britieh Columbia,
ares, if correet, strongly alters the isopmeh interprotebion of
these sediments as presented in warioueg i1llustrations throughoub
the chepter. Crabd gave the thickness of the Bundle end Panff
formations as 4,985 feet and 1,070 feet respectively in the
Crowsnest Pmss, while the same formetions have respective thick-
nesges of 2,555 and 580 feet at Elko, approximately 24 miles
gouthwest of the Crowsnest Pass. The bass of the Devonipn is
obscured at both locelities but Crabb intimeted & similar
thinning of the Devonlan sediments betwecn these loecelitics, If
thisg data is corvect, it’may indicate one of two tectomic feabures
in thieg sree during the Keskeslie sequence:

1) It may indicate the western limit to the geosynclinal

unit, which might also be indicated by the Jefferson (1)

and Wardner formations to the northwest,
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2) It may indicate & persistence of a submerced but
dominantly positive "Montania® area within the

geosyuelinal unite

Further data supporting the theory of shallow submergence and

perhaps neighboring emergence of this aree during the Kaskaskia
sequence is found in the Alexo formation, which, as previously
described, becomes more predominantly clastic in the Flko area

"than in the Crovenest Paas.

/
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Chapter VII

ABSARCKA SHEQUENCE

The last Paleozoic sedimentary sequence, the Absaroks,
is not so well substentisted by sctual date as ave the vrevigus
three sequences. As defined by Sloss (1950, p.b451), the Absarcke
sequence cormenced during Upper Miscissippian time and continucd
until "post-Trimesic, pre-iiddle Jurmscic time™ when it was
clogsed by & nmajor period of uplift and ercsion, This period of
erosion removed the Absarolmn sediments, where such were deposited,
from most of the ares, However, sirate which may be assigned to
the Absarocks sequence are present in the front ranse of the Rocky
Mounteins, south of the esntrel portion of the ares, and aljoine

“ing the southeoastern corner of the area.

Two formations which outcrep in the front range of the
Rocky Mountaoins are assigned to the Absarcka seguence, These are:

1) the Rocky Mountain formation which is the uppermost
Paleogoic formation in that avea;

2) the Spray River (1) formation which probably repres-

ents lower and Middle (7) Triamssic sedimentation in
the aresa.

Thece two formations nre described and discuseed in the sectlons

following.
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The Rocky Mountein formetion, as it occurs in the Crows-
nest Pass, has been briefly described as follows (Benles, 1950,

Teble 1, after Warren, 1933):

350 to 800 feet

Grey or buff dolomites, sandstones, or sandy
dolomites, with chert nodules; a few quartzites,
and & thin layer of noduler phosphate in the

top beds, The formation thine to the east and
thickens to the west; no break wns apparent with
the underlying Rundle formation,

/

This formation ag it occurs near Ilko, British Columbia,
southwest of the Crowsnest Pass, is described by Crabb (1951, pp.27,
28) as "a series of light-grey, fine-grained, buff and dbrown
weathering, calcareous quartzites, chert, dolomites and limestones,
measuring 530 feet in thiclmess,.® Thinegection studies by Crabb
(1951) showed the calcarecus quartzite to be composed of approzi-
mately 20% detrital quartz and chert--"the remainder being very
fine dolomite and calcite,"

North of the Crowsnest Pass in the Mount Head area,
Douglas (1953, P.75) subdivided the Rocky Mountein formation into
two units and deseribed the formatlion in the following manner:

Thickness

. Feet
Overlying beds~-Trizesic Spray River formation

in outerop sections and Jurassic Fernie group
in Flat Creek well,

Rocky Mountein formation
Upper part

'Arenaceous, granular dolomite:; sandstone and
massive chert PEPEIBANGIEDIURIRSEIBIOOOEREI ISR 1@5



Etherington Hember
Upper part ‘
Arenaceous, granular dolomite, partly cherty:
finely crystalling dolomite seseesesvcoccscessas 130
Middle part
Arenaceous, granular linestone, partly cherty:
nediun-crystalline linestone; mediunm-crystalline
POTO‘W &leitg .ildl...bl‘..l.iil.'A.O'.OQ.Q.'O 60
Lover part
Green shale and finely crystalline limestone

aﬂd. dﬂlomite ."lb".l.‘t.IG..D’.'O‘OD'.IOOAD'..O 100

In Flat Creek well the Fernie group lies in

contact with middle and lower parts in succes-

sive feult slices.

The Rocky Mountein-Rundle contact has been deseribed by
Credd (1951, pp.27, 31), Warren (1927, p.34), and Beales (1950, p.45)
&8 conformable. Deales (1950, p.71) referred to this contact as
"in places arbitrary", inferrins gradation in lithology, while
Douglas (1950) described the lower member of the Rocky Hountain
formation as lember D of the underlying Rundle formation. However,
Webb (1951, p.2305) and Fox (1953, p.197) stated that the Rocky
Hountein-Bundle contact was disconformable, althouch they cave
neither references nor evidence for their statement.

The Rocky Mowmtsin-Spray River (7) contact haa been
described as conformable in the Crowsnest Pass area by Warren
(1927, pa3k) and MacKay (1932, p.16B), and south of the Crows-
nest Pass by Crebb (1951, p.33)., BHNorth of the Crowsnest Pass,
an unconformity between the Rocky Mountain formation and the

Sprey Biver formation has been described in the Livingstone range
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by Douglas (1950, p.19), and neer Benff by Warren (1927, p.39).
It avpears that a disconfornity developed between the Paleogzole
and Mesozoic sediments in the geos;melinal aress north of the
Crowsnest Pass,

A point of interest is an unconformity within the Rocky
Mountain formation. Douslas (1950, ».18) described the contoet
between his Member D of the Rundle formation and the overlying
"Roeky Mountein formetion® as an angular unconfornity end provided
& photograph a&;a evidence. ILater, however, Dougles (1953, p.68)
conglidered his Member D to be the basal merber of the Rocky
| Mountain formation. Therefore, the unconformity must now be cone
| gldered as occurring within the Rock:s'r Mountain formetion, Since
such an unconformity has not been revorted in adjoinin, areas, it
mey be regarded at present &s of only locel significance. The
descriptions of Member D, basal Rocky Mountein formetion, and the
underlying Member C of the Rundle formation (Douglas, 1950, p.16)
would seen to indicate & gradational contact. This bringe Douglas!
(1950) description of the Rocky Mountain-Rundle conbact into egree-
ment with the suthors previously quoted, Perhaps the original
report by Douglas (1950) of an unconformity between the Rundle and
Roeky Mountein formations, now proven to be within the Rocky
Mountain formation, wes the resson Webb (195L) and Fox (1953)
referred to this contact as disconformable.

The Rocky Mountein formation wae sssigned by various

authors to & Pennsylvanien or Permien age (Wheeler, 1942, ».1839),
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Whesler (1942, p+1839) identified & collectlon of selachien teeth
from phosphatic horigons whieh. ceceur in the upper ;mrt of the
formation (Fox, 1953, 1.198) as Helicoprion cf, H. ferrieri (Hay) .
On the basis of this identification, he mssigned the Rocky Moune
tain formation "to the Guadeluplan series of the Permlen system.®

However, Crabb (1951, p.27) collected specimens of Spirifer

ymontens () Marcou indicative of & Pennsylvanian age from the
basal strate of the formation. Warren (1947, p.1238) subdivided
tﬁe Roclky Mountein formation into & lower and en upper nenbor. The
lower nember. h;, considered to be "probably of Pennsylvenisn age®
while the upper member he considered to be probebly Permian in age.
These age determinations seem to satisfy the present veleontologi-

cal evidence, Therefore, the Rocky Hountain formation is herein

considered to be of Permo-Pennsylvanian ace.

The Spray River (?) formetion is the name civen to a
group of somewhat clastic sediments overlying the Hocky Mountain
formation end underlyling Jursssic sediments in the Rocky Mounteins
of southern Alborta, The Spray River nane ig applied with reservos
tion %o the Triassic sediments of the southern Alberta mountains,
gince the exact relationship of the southern occurrences wiih the

Spray River type section near Banff hes not been deternined,



The Spray River (1) formmtion ece it occurs in the Crows-
nest Pasc was desoribed by MecKay (1932, p.16B) in the following
DBNNGT

Overlying the Rocky Mountaidn Quartsite in the
Crowsncst section is a thiclness of 350 feet of masscive,
brownish, sandy quartzitec and thin, chaly sendstiones.
These beds are devold of fossils and their age is doubt-
ful, They differ in lithologicel charscter from the
wnderlying quartzites, but lie conformebly upon them
with no appearence of mn erosional contact. On their
lithological resemblence to beds in the Spray formation
of Banff ares end their similar stretisrophic nosition,
they are for the present correlated with them. . . .

i
Warren (1933, P.157) quoted Telfer as giving & probable thiclkness

for the Spray River (7) formotion in the Tizard Rance, west of
Fernie, British Columbla, of 1700 feet (see Telfer, 1933, D.572).
This thickness is questioned in this thesis since the writer hos
obgerved mumerous thrust feults within the Lizerd Range and is
inelined, therefore, to regard Telfer's thickness of the formetion
g dus to repetition by thrust fenlting, The thickness is also
questioned since it appsars incongruous with the thicimesses of
the formation near the Crowsnest Pass and neer the 49° parallel,
given by Telfer (1933, pp.3%68, 572) as 450 and 300 feet, respecte
ively. '

Hear the 49° parallel and west of the Flathead River,
Crabb (1951, p.33) described the Spray River (7) formation as
fpoughly 400 feet of unfossiliferous, thinebedded, reddish
weathering, shaly sandstones®™ overlying the Recly Mountein

formation "with apperent conformahle relationship," He nentloned
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the presence of "poorly preserved and unidentifiaeble cmmonites®
in the formations Fox (1953, p.199) mentioned the vresence of
ammonitces in the Spray Biver formation which are reparded po
Lower and perhaps Middls Trimssic in age. It would seem, therc-
fore, that thﬁﬂ somewhat clestic sediments overlying the Tocly
Mountain formation in the aree are the scuthern equivelent of
the Spray River formation. The are of this Spray River (?)
formetion is probebly Lower and iiddle (7) Trisssic.

The Rocly MounteineSpray River contact has previeusly
béﬂn described as conformable in Canadian aress soﬁth of the
Crowsnest Pasc ,/ becoming disconformable north of the Crowsnest
Pass, The ccnmcf, of the Spray River (7)) formation with the
overlying Jurassic Fernlie formation has been termed digsconformne
able by Webb (1951, p.2308) and Fox (1953, p.199). However,
MacKey (1932, p.16B) examined the Spray River (7)-Fernie (Jurassic)
contect in the Crowsnest Pasc and described the Spray River beds
as merging "imperceptibly? into the besal phosphatic beds of the
Fernie. If this observation is correet, then it implies that
Upper Triagsic sediments are present in this locslity end that

deposition was more or lsss contimuous from Upper Triassic %o

Lower Jurassie,.

Ae has been previcusly sbated, most of the sedimouts
in Montans which belong to the Absaroks sequence are to be found

south and southeast of the area, However, since these sedinents



must be consldersd in interpreting the events of the Absaroln

sequence within the area, they are here briefly @esérﬁb&iﬁ.

Tie group is composed of four formations wiloh are,
chronologically: the Charles, the Kibbey, the Obter, and the
Heath Tormations. The generzl lithology and enstward develope
ment of the Big Snowy group are illusirate! in Figure 33 (see
Chepter V1), while the aresl relationshiy of the sToup to the

/
arcs is shown in the fence greph, Figure 30 (see Chapter VI).
The Charles fomticn ves digoussed in Chapter VI as 44 represe
ents the uppernost Leskoslisz esedinmentcs Irief deserdpiions of
the other formationg of the group are presenied below (absiracts
from Perry and Sloss, 19473, 1D.1297-99):

ey Formation: In ocuterop the Kidbey formation is

dull, bricL—red doleomitie, shaly sandstone, devoid
of fossils, and locally conteining beds of gypswin....
The EKibbey rests disconformebly on the ¥ission Canyon
limestone (Madison), filling chennels and solubion

cavitics, some of which may be 300 fect bensath the
top of the limestone....

Where the Charles formetion is present the base of
the Kibbey is not easily defined, beceuse a gradatione
al transition is present from the anhydritic limestone
of the Charles intc the sandy beds of the Kibbey.

Otter Formation: In outcrop the Otter formation is
characterized by vivid green shales, intercalated
with grey shales snd fossilifercus ocolitic linmestones,
In the gubgurfacs the green shales can not bhe traced
far eest of the Big Bnowy Mountalns, being replaced
by variecated snd red sholeSe..,
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Heath Formation: In ocuterop the Heath is chermcterized
by an cbundance of blaeck, fissilc, conodont-besring
shales, intercalated with gray sheles, ressive brownish
pandstones containing plant fresments and commonly
crogs~bedded, and minor gray limestones.

The age of the Blg Snowy croup is considered to be late
Mississippian-~in part, Pennsylvaniaﬁ (Brown, 1952, p.7). The
Kidbey formetlon is the basal member of the Absarcks sequence

in Montana.

Amsden Formation

The usage of the term "Amgden fornmation' underwent
several changes until Perry and Sloss (1943, p.1293) clarified
the litercture by using the name "Amsden" to apply specifically
to the shaly, in part carbonete-rich strate, beoring Chesterian
feuna, overlepping end resting with "engular unconfornity® on
the Big Snowy group, and conformebly underlying the Pennsylvanian
Cuadrant formation. The strabigraphic nosition, relationship and
lithology of the Amsden formation are illustrated in Pigjure 33
(see Chepter VI).

Suadrent Formation

The Quadrant formation (Perry, 1937, p.l5) consists of
& series of btuffeto-cream colored, in part calcarecus sandstones
and quartzites. The formation is in general unfosgiliferous;
however, foraminifern (Fusilinm), of Pennsylvanian age, have been

colleeted from it, The basal paxthof the formation countains
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cross~bedding which Perry (1937, p.l5) considered to be indicoe

tive of an eolian origin.

Phosphoria Formation
| The distribution of the Phosphoris formotion 1s limited
to sauthweﬁtam and southern Hontene. The formation is described
by Clepp (1932, p.21) as "cherty phosphatic limestone, grey,
quartzite, and red shales" reating conformably on the uadrant
formation, The Phosphoria formation is regarded as Permian in
/

age. The lithology and stiratipgrephic position of this formation

show & marked similarity to the upper, often phosphatic, zone of

the Roclky Mountain formatlon, as described by Telfer (1933, pv.

The terms "Chugwater and "Spearfish® are used for the
game strata in southern Montens and the Black Hills, Horth Dakota,
respectively,

‘The Chugwater (Spearfish) formation is described by
Perry (1937, p.l5) in the following manner:

The Chugwater (Spearfish) beds are conspicuous
because of the hrisht to dark red sand; shale and
sandstone which contrest sharply with the brown aud
gray color of associated strata. The Chugwater
(Spearfish) cen be traced readily by ite flaming
shade of red., Pure granular gypsum occurs near the
top of the formation in a bed § to 40 feet thick,
and gypsum seams and veinlets streak through the

 lower pert of the formation. Green shales a few
feet thick may be interbeddsd with the normal red
gsediments near the top or bottonm,
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The Phosphoria«Chugwater (Spearfish) contact is referrel to by

Sloss {1950, p.448) as "apparently conformeble,”

Correlation of Absarokan sediments is difficult because
of limited areal distridbution and s generally low fossil content.
However, corvelation of the southwestern Alberie section with the
Montane section hes been made on the baslis of published informn-
tion from which/the writer bhas drawn his own conclusions, The
correlation of these two sections is 1llustreted in Fizure 39,
with & discussion of this correlation presented in the following
peragraphs.

The Rocky Mountain formation occupies the same sirotie
graphic intervael as the combined Kibbey, Otter, Hemth, Amsden,
Quadrant and Phosphoria formations in Montana, shown in Fiure 39.
However, while the Rocky Mountain formation is of Permo-Pennsylvanion
age, the Montens section is Chesterian (Upper Misﬁissip@i&a)*wyerﬂ0~
Pennsylvanien, In the previousg discussion, it wes shown thaet the
upper part of the Rocky Mountain formation earries = similar
faung to the Phasphoria formation, while the lower part of the
Boeky Mountain fofmation carries a Pennsylvenian feuns, as does
the Quadrant formation. IHowever, there is no zZone reporied at
the base of the Rocky Mountain formntion which carries a Chesterian
fauns similar to the Amsden, Heath, Otter and Kitbey sections in
Montans, although the Upper Rundle .of the Kasknskis sequence carries

some Chesterian corals (V.J. Okuliteh - personal communication).
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The possibility that certuin Mississipplan orgoniecnms mang; ed to
survive the interval of clastic sedimentation (Kibﬁey formation)
which accompanied stage four of the ¥askamsklo sequence and, with
the return of more stable water conditions, persisted through
Amsden deposition, has been discussed previcusly in Chepter VI,
Perheps & more obvious solution misht simply be that stose one
of the Absaroka sequence commenced later in the west than in
the southeast, If this were the cmse, however, the Keskaslkie
deposition muét/have continued for a longer period in the west
then in the southeast, since the Rundle~Rocky Mountain conbact
is conformable, Both possibilities seem to setisfy the Rocky
Hountain-Phosphoris, Quedrant, Amsden, Heath, Otter, Kibhey
stratigraphic corvelation.

The correlation snd ape representation of the Big
Snowy, Amsden and Quadrant strata, as prescnted by Brown (1952,
p.76) and shown in ¥Figure 31 (Chapter V1), are here considered
to be questionable. The definition of the Amsden Formation as
redefined by Perry and Sloss (1943, p.1293) required that use
of this name be restricted to the strate bearing a Chesterian
feona, all Peonsylvaenien strata belng sssigned to the Quadrant

formation, This cbviously necessitates placing the Bly Snowy

aroup completely within the Mississipplen. It is also probable

that the term "Quadrant™ should be restricted more to the
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Pennsylvanien streta, with the Permian age being reserved for the
FPhosphoria and eguivelent stm@.

The Spray Hiver (7) formation is correlated with the
Ghugwate: (Spearfish) formation of Montanam. Both cccupy the
same etratigraphic interval (see Figure 39) end both are Trisssic
in age., Although the exact a,g;evmn@,e of either formation is not
¢lear, the contact betwesn them and the underlying Permien strate
is conformable in pouthwegbern Alberta and in Montena., Therefore,
thé age of the Sprey River (1) and Chugwater (Spearfish) forms-

/
tions may be assumed to be in part Lower Triassic,

A geries of isopach-lithofacies mope for the Paleozoic

portion of the Abearokn sediments in Montana and aedjoining areas
were presented by Sloss (1950, pp.iiiiii50), These maps, in con-
Junetion with various other isopach meps of these sediments, can
be used to gain an understanding of the regional festures of
Abserckan gsedimentation.

The lithofacics study of the Kibbey, Otter, Heath and
Anmgden formations is presented in Figure 40, It illusirates
a general condition of carbonate~rich, somewhel clastic sedimente-
tion in the geosyncline, Central Montans trough and Williston
besin, thereby indicating differentintion of the tectonic elements

early in the Absaroks sequence, In central Idsho, a thick gection
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of typleal eugeosynclinal sedimente was deposited (Sloss, 1950,
pelii5), Fieure Ll indicates the distribution and thickness of
the Big Snowy group, and wleo indicates the presence of Chesterw
ian sediments near the Alberte-Saskatchewan-Montena border. The
presence of this outlier of Big Snowy sirate implies that the
southern part of the Sweet rass arch received sediments for st
least & portion of the Absaroks sequence.

The Permsylvanian (presumably Quadrant) sedironts are
re?res@nted in Figure 22, while Permian (presumably Phosphoria)
sedimenﬁs are réyresented in Pigure 43, Both fismres show the
distribution of carbonste-rich clastics in the geosyncline, the
Central Montane trough, and over the Wyoenming shelf, The Swecte
grags arch, however, laclks these gediments. In central Idsho,
eugeosynclinal deposition continued after Upper Hisecissiopian
time (Sloss, 1950, pp.bd7-l48) and eventuslly the Permian eugeoc=
gyncline waé partially clesed by wuleanism,

No lithofacies maps are available for the Perbw-Penne
sylvenien (Bocky Mountein formation) sediments of the Cansdien
ceosyncline, lowever, Fioure L4 shows the distribution and
thiclmess of these sediments.

The distribution and thickness of the Priassic (Spray
River formation) sedinments are shown in Flgure 45, Mo litho-

facies map is availeble for the Triassic sediments of Hontens,

whose distribution is limited and patchy.
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Pigure 41,

Paleozoic and early lesozoic erosion.

Isopach map of Big Snowy zroup showing distribution and thickness subsequent to late

(Perry and Sloss, 1943, p.1289)
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WESTERN CANADA BASIN
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Figure 4&,
Pennsylvanian,

Present distribution and isopachs of Permo-

(Webb, 1951, p«2306)

There is considerable evidence of southward thinning of

the Rocky Mountain and Spray

north of ancient Montania.

River (7) formations in the area

Crabd (1951, p.28) gave the thickness

of the Rocky Mountain and Spray River (?) formations as 1,100

feet and 350 feet, respectively, at the Crowsneet

miles to the southwest at Blko, British Columbie,

formation is 532 feet thick

Pass, Twenty=-four
the Rocky Mountain

(Crabb, 1951, P.28). The thickness of
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Picure 45, Present distribution and isopechs of Triassic
System. (Webb, 1951, P2307)

the Spray River (7) formation in the Iizard Range, which is
{mmediately north of Elko, British Columbia, hes already been
discussed., To the southeast of Elko, in the Flathead valley,
Crabb (1951, p.33) noted the presence of 400 feet of Spray River
(7) strate which diminished to 300 feet at the 499 parallel
(Teifer, 1933, p.572). The thickness of Rocky Mountein strata

south of the Crowsnest Pass becomes increasingly less to the
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south until it is only 100 feet thick (Crabb, 1951, p.32) neer the
Flathead Biver at the 49° parallel. This dats mey indicote an
ancestoral Montanle still exerting positive tendencies through
Permo-Pennsylvenian end Triaeseic time., HNowever, there is at
present insufficlent evidence to reach e definite conclusion

regarding this late Paleozolcw-sarly Mesozoic "Montenie."®

As pmviously indicated, evidence relating to the events
of the Abswaka/aequence hes besn partislly destroyed by & strenu-
ous period of erosion representing stage four of the sequence.
However, where & complete stratigraphic section of post-Keslmskisn
--pre-Jurassic sediments has been preserved, there is no evidence
of a major regional disconformity within these sedinments. It
would seem probable, therefore, that the definition of the Absarchs
gequence by Sloss (1950, p.bk51) is correct and that one, and only
one, major sedimentary sequence occurrcd in post-Kagkaskien--pre-
Jurgssic time.

During stece four of the Kaslaskie sequence, the seas
had withdrawn to the geosyncline and the axial area of the Williston
basin, with'the renaindsr of the ares suffering erosion. The
commencenment of the Absaroks sequence saw the transgreesion of
the seas over part of the erosiomal surface, Figure L1 indicates

that the overlapping Absaroken seas covered at least the southern

portion of the Sweetgrass arch, It is proboble, however, that the
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structure. (Perry end Sloss, 1943, pp.1290-91)
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-geosyncline and Yae Williston besin at lesst partislly retalned
thelr negative tendsncy from late Kaskaslian Yo Abeérokm 'time,
- while the Cantml Hontene trough end the Sweet;rass arch becene
defined very early in the Absaroks sequence. It appears, then,
that stage one, the trensgression of the seas, and stege two,
the ‘differentmtion of the tectonic elements, occurred almost
sixmltaneauﬁly very early in the Absaroke sequence. Iuring
stage tliree, the culmmtwn of the differentiation of the
wﬁtonic elements, the Sweetgrass arch became the dominant fea~
ture; and wes at;'ongly positive; the geosyncline was & restric‘éed
narrow, shallow basin, and the Central Montans trowsh remained
shallow with the sens onlapping over the Wyoming shelf to the
south, Stege four, the ercsional stage, resulted in widespread,
deep ercaian_ of the entire ares. The resulting unconformity
between Juressic strata and Hississipplen strata in southern
Alberta, end Upper Devonian strata in east-centrel Alberte is

& dominant sedimentm feature in Alberta end Hontana. TFigure 46
illustrotes disgrammatically the surface and subsurfuce geology
of the area prior {0 Mesozoic sedimentation. Since the distrie
bubtion of Triassic se'&iment is very restricted, Figure 46
represents essentially the geology of the area at the end of

the Absaroka sequence, prior te Jurascic sedimentzation,
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Chapter VIII
SUMMARY

This summery indicetes the main geological evente and
problems of the pre~Jurassic sedimentation, tectonism, and strati-
graphy of southern Alberta and adjolining arces of Bristish Columbia
and Montana, Conclusions to some of the problems and possible
solutions for others which have been discussed in the thesis are
steted., HNo attémpt is mede to swwmwerize the complete sequence of
pre-Jurassic geological events which occurred in the area,

The Belt series contalns the oldest lmown strata to
outerop in the area, The series is subdivided reglonally into
gix facles, the Glacier Park faclies being defined’for the pure
poses of this thesis as the type section. The various strati-
graphic units of the facies are defined and their type locslitles
stated, In addition, two basael formations of the Purcell facles,
the Fort Steele and the Aldridge, are described, as both formations
are gtratigrapbically lower than any outeropping formation of the
Glaecier Park fucles. The lithologleal changes within the Belt
series are gradational, both laterally and vertically, indicating
that the Belt series is & unified stratigraphic division.

Beltien and Lipalian paleogeography is described. Three
tectonic elements—~the geosyncline, the ancé3toral "Central

Montane trough®, and Montenia--are shown to have been functional
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during Jeltian sedimentation. The close of Beltian sedimentation
was caused by orogeny, which introduced the Livelian interval. As
this orogeny built the Helens Mountaine in the area and the
ancestoral Purcell Mountoins west of the area, coarse clastics
wvere deposited unconformebly on the Purcell series northwest of
the area. While these sediments (the Windermere series) ere not
described in detall, their stratisrepidc end time relationship to
gediments within the ares are indicated.

| A resume'! of the tectonle and sedimentary events of the
Paleozolic era wiflzich oeccurred in the ares is presented, The tecw
tonic fremework upon which Paleozolce sediments were received was
principally inherited from Beltlan time. The nature and inter-
relationship of the various members of this tectonic framework
governed Paleozoic sedimentation in the area, During the Paleo-
solec era, four grest sedimentary seguences--the Seuk, the
Pippecanoce, the Kaskaskie and the Absarcka-~developed, each
secquence representing o four-stage depositional eycle. The
four aedimentm' pequences ere sioown to be the result of & recur-
ring sequence of tectonic events.

The Souk sequence, the first of the four Paleosoic
sedimentary sequences, commenced during Lower Cambrien and contimued
until Lower Ordovician %tine. The ercsional stege of the sequence
removed mogt of the Upper Cambrian and some Hiddle Cembrian strata
from the area, The distribution of Cambrien strata after Seuk

erosion revealsd that the tectonic elemsnts which controlled
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sedimentation during Beltian deposition had indeed been inherited

by the Peleozole ero. Hontenis wos indicated as e dominant fes-

ture influencing Cembrisn gedimentation in the aren.
Southemstern British Columbis is deflned as the ¢t Dpe

locality for the Lower Cembrien strato within the aren, A

correlation of the southeastern British Columbie section with

the well=known Kicking Horse Pass section 1s presented together

with a discussion of the nge of the Olenellus-Bonais zone. A

very late Lowér/Cambria& ace wes accepted for the zone, establish-
ing the Eacer formation of sontheastern British Columbia, which
containe the zone, as the uppermost Lower Cembrisn formetlon of
the arsz.

The Middle Cambrian type loecality for the avea is
chosen ot northwestern Montenaz, The stratigraphic units of this
gsection are defined and & faunal 1list for the various formations
appendad. The controversial Burton formation and the overlying
Elko formetion of southeastern British Columbia are @&scribed.

The basal member of the Burton formation, which had been assigned
& lower Gambrian (1) ace, is assigned to the Middle Cambrian as
& probable stratigraphic equivalent of the basal iddle Cambrian
Flathead sandstone, An sccompenying correlation chart indicates
the Middle Canmbrian sections within and beyond the area.

Upper Cembrien streta are believed to be missing in the

ares, although thelr presence in adjoining areas has been definltely
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established. The lack of these sediments is attributed to Sewr
ercsion of the greater Sweetgrass arch sres. |

The second Paleozoic sequence, the Tiypecsnoe (as
definad by Slose, 1950), occupied the post=Cembriane=pre-Devonisn
interval. This thesis suggests thet the upper limit of the
Tippecance be placed at the late Middle to early Upper Devonian
erosional surface,s Sediments on the craton whic}:i nay be assigned
to this interval have, in gernerzl, not been assirmed definite
a.ga limits, These sediments are introduced and desecrided,

The E/lk Point formation, which is limited to the northe
eastern portion of the area, is described and the problem of its
age diescussed, The Ghost River formation, which has & very limited
distribution in the north-central part of the area, is also dis-
cugsed. From regional studies, the Ghost River formmticn appears
to be i:he stratigraphic and time equivalent of some portion of the
upper part of the Ilk Point, probably some portion & shori distanee
below the upper massive beds of the Elk Point, The correlaiion of
the Ghogt Hiver formation with the lowermost Upper Devonisn strats
of northwestern Montana, Unit €, iz established. & discussion of
the relationship of the basal Llk Point, Ghost River, and Unit € |
%o the besal Devonien unit of central and emstern Hontans shows
these units to be stratigrephically related; their relative strati-
graphic positions trensgressing btime, belng older in the north and

west than in the southeast.-
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Several theorics are presented regarding tectonlsm durinrg
that portion of Pelecmolc time assigned to the Tippecanoe seguence,
The major differences between these theories are indicated ond a
unifying theory of events presented which drawe the preceding
theorieg into cloger agreements |
| The Kaslkagkie sequence, third of the Paleozoic sequences,
occupled Upper Devonien end Mississipplan time in the western pert
of the area but was epparently terminated in pre-Uppsr Hississipplan
time in the eastern part of the area. More detailed information

’ /
regarding stretipraphy end sedimentation is available for the
Keskaslkin sequence than for any other Peleozolc sequence, The
Kasknskian stratiorephic section as 1t occurs in southwestern
Alberse is correloted with sectlons within and beyond the ares.

The (rowsnest Pass arca le designated as the it pe
locality for the Upper Devonian formations of the area. Historical
development of the Upper Devonlen nomenclature is grapiicelly
{11lustrated and each stretigrophic unit defined and described,

The Alexo formation is discussed wih particuler rceference to
the proper correlation of this formation with its equivalent of
the plains.

Speciasl ettention is given to the problems of the age
and stratiorephic position of the ¥xshaw formation, Stratisrephie
eally, the Exshow belon s to the Missiseippien sedimentary cycle,
wihile, paleontologically, the Lxshaw hes been msgigned to the

Upper Devonian age. "ore pvecent studles suscest a possible
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Mississipplon age, thougl the formation conbinues to be resarded
a8 Upper Devonian ab presgent. 4 posslible explensbtion is outlined
for the origin of the bluck shales of which the Hzxshaw iz comprised.
The uwnconfornity at the base of the Hxphaw 1s not considared to
represent a regional Dreslr in sedimentation., Bince the Hxshaw
shale doss not introduce & mnew reglonel sedimeniary sequence
but merel; the commencement of & cycle within the Xeskaslia
sequence, the relative significance of the problems presented by
%ﬁe Exshaw have baen overerphasized in the past.

The t%pe sccotion for the Mlesissipplen strata of the
Kaslasiie sequence within the area ls defined es the area north
of the Crowsnest Pass in the front rance of the Rocky Hountains.
The Misgilssinplan stretigrorhic units are described as they cccur
at this locality. The hietorical development of the nomenclature
aof these sediments 1s illustrated graphicelly, end & recent revision
of the nomenclature of the Bundle formation (by Douglas, 1953)
introduced.

ihe Charles formation, the uppermost member of the
Kaskoskie sequence in the eastern portion of the area, is
described. While this formation doss not have a siratigrephic
equivalent in the wesltern portion of the area, it ls shown to be
equivalent in time to part of the upper Rundle formetion,

The tectonlc events and the effect of these events upon
Easkeskian sedimentation are outlined and discussed, Several

lithofacies mepe are introdunced for nortions of the Kaskeskion



‘.11,&2{“

section, Two explenations for the ayparent age variection of the
Kaslaslden erosional surface are concidercd. Evidence is pres—
ented suggesting the existence of & positive~tending eres in the
vieinity of encient Montania. This evidence is considered to
be indicative, but not conclusive,

The Absaroka sequence, the last of the Palcozoic
sequences, occupled the interval from Upper Miselssippian to pre-
iLower Juraseic time, Within the area, the distribution of sedi-
mehtﬁ belonging to this sequence is limited to the northwest. The
Absaroks aectio;, as it occurs in thot part of the eareco, is
described. Absarokan sections gouth and southeast of the area zre
also described, and are correloted with the southern Alberte sec-
tione |

It ig shown that no major regional dbreak cccurred in
the gsedimentation of the Absaroks sequence, The end of the Paleo-
golc era was not, therefore, & major regional event in the area.
Dipconfornities between verious horizons in the Kaskaskian sedie
ments were of vpurely loczl significange.

The erosional period which ended the Absaroks sequence
was & major geological event in western Conada. The erosion was
very active, stripping off the Absarocka sediments and part of the
Upper Mississippian strate from much of the érea. The result was
g major unconformity between sediments of the Paleozolc sequences

and the overlying Jurassic sedinents.
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Appendix

FOSSILS OF TiE MIDULE CAMBRIAN

The followling foaunel list accompanies the description
of Middle Cambrian formations of northwestern Montans, &g pPrese
ented in Chapter IV. These fauns ave described by Delss (1939)

a8 beiny present in the Middle Canbrien formations at that

GORDON SHALE
Albertells helena Walcott s (Walcott)

e chazex (Walcott) Kochina americans (Welcott)
Anorde baton (Walcott) Ptarmingie gordonensis Rescer
Clavespidells bela (Walcott) Strotocephalus gordonensis Resser
BElrathie candace (Welcott) Yenuzemells contracta (Walcott)
E. pylas (Welecott) Zagenthoides cnopus Walcott

DAMNATION LIMESTOHE

Alokistocare? scepesostensis Delss Kootenls erromena Deiss

Glossopleure alta Deiss K. exileyata Deiss

G. fordensis Deiss X. fragilis Deiss

G. inornata Deise E. infers Deiss

G. pinima Deiss K. latidorsata Deiss

¢. perryi Deiss K. scapegoatensis Deiss

&. thomsoni Deiss " Solenopleurells pagodensis Deiss

- Glyphaspis levie Delss



50~

IEARBORN LIMESTONE « no founn listed

PAGODA LIMESTONE

B, bfevisg Deiss
E. grondis Delss
E. ingongtans Telss

PENTAGON SHALE

Bathyuriscus formosus Deiss
Clappespis coneays Deiss
Q. Lonvexs Deles

C. hebetis Deiss

€. lickensis Deiss

Ehpende pleniorats Deiss
Z. sezennuiots Dolss
&« Lropeverge Delss

g

] srecto Deiss
E. hydbrida Deiss
E. lickensis Deiss
Z. podulosa Deilss
Glyphospis delieats Deiso
G. peucisulcats Delss

g_. mmtﬁ Delss

Elrethiells nitids Deliss
o plans Delss

» Yocte Deiss

. sulgata Delss

E. tenuis Deiss

£« unisuleats Deiss

E., yalens Delss
Elrathine convexs Deiss

=

=

{

2]



PENTAGUS BHALE (continued)
Gleypasois meneliri veiss
€. obscurs Deiss |

L. papulata Delcs

L. gingmloris Delss

L. Bizinte lelss

C. tynige Deiss

Ehmenie convexa Delcs

X.1 elongats Deise

E. exilie Deiss

E. 7‘ incerta Deiss

E. perfects Delss

E. sulcate Deiss

E.7 unispinats Deiss
Elrothiells convexs Deiss
E. crossiornts Dedss

L. penifeste Deics

STEAMBCAT LINESTONE

Coelaspis primg Deiss
Glossocoryphus gliffensis Deies
8. tycus Delss

gl ie dearbornensis Deise
G. indente Deiss

Go. gimilis Delss

G. of, ginilis Delse

SWITCHBACK SHALE -

DEVILS GLEN DOLOMITE

Sirething feeunds Deics
E. ocoulineats Delss
Hootendn pariguadriceps Teise
K. gerrata (Mesk)

Le of. serrate (leel)
Lo subequallp Deise
Parehranis arcuate Delss
2. cf, arcuate Deiss

P. concave Delse

P. princeps Deics

7T guadrata Deise

P. gtoreyi Delss

Rowla gylindrics Deiss
B. gelicate Deiss

B. granulsts Delcss

R. yulrate Deise

o

¥Yochaspis dearbo Deiss
K. regeeri lolss

K. ungip (Yelcott)

K. upis (Waleott)

Meneirie inornste Delss
M&W obscura Deics

2

» triats Deiss

2

no foune listed

no fauns listed
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Flgure 22.
Correlation Chart of Upper Devonlan Formations.
1 2 3 L 5 6 _ ? 8 9 W 11 12
FOSSIL ZONES | ROCKY MOUNTAINS BIMONTON AREA ‘ JASPER AREA BANTT AREA CROWSHEST PASS SOUTHERN PLAINS, ‘ALBER’I'A NORTHWESTERN MONTANA CENTRAL MONTANA : THREE FORKS AREA SOUTHERN PLAINS, ALBERTA CENTRAL PLAINS, ALBERTA CROWSNEST PASS REGION
(Warren,1949) (Warren,1949) (Warren & Stelck,1950) (deWit & McLaren,1950) (deWit & Mclaren,1950) (deWit & Melaren,1950)  (Sloss & Iaird,1947) (S1lose & Leird,1947) (Sloss & Laird,1947) | (Sloss & Laird,1947) (Fox,1953) (Fox,1953) (Fox,1953)
(Applied specifically (modified) (revised,deWit,1953) :
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Figure 12.
Correlation of Middle Cambrian
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Correlation Chart of the Belt Series.
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