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STRATICGRAPHY AND STRUCTURE
of the _
FOOTHILLS BELT, WESTERN ALBERTA,

betweéﬁ
BIGHWOOD AND BERLAND RIVERS,

INTRODUGTION

The data and conclusions embodied in the fallawé
ing geological description of a portion of the foothills of
Alberta are the results of three field seasons (1927 - 29)
spent by the writer in this reglon, while in the emploey of
the Hudson's Bay 01l end Gas Gompany. Particular attention
was given to the stratigrephy, and the gap which had previous-
1y existed in our knowledge of the formetions and structure
bétw&an Bow and North Sasketchewan rivers was satisfactorily
filled. Fairly good fossil colleetions were obtained and de-
termined by‘rﬁ@mgniz%&.aaﬁh@rities; more definite iﬁfarmgﬁi@n
- was geined as %o the range of certain genera and species, and
the age of the formations in whiech they ocour. Partieular
mention may be made of the northward extension of the Blair-
more formation, and its correlation with those formatiens, pre-
viously nemed and desoribed by other workers, north of the
North Saskatchewnn river. A correlation diagram is included
herein, ,

The discussion of the strueturel features of the

region is necessarily aan&enseé; a nnmber of struetural oross-




sections are included, which have been constructed from traverses
along the prineipal streams where outerops are fairly abundant,

4 key map shows the location of the more import-
ant topographie and structural features, end also the positions

‘of the orossesections.

PREVIOUS WORK

N In the territory from Highwead river to Bow

CH] (47)

river, the published reports by Sﬁewart Bewling, Slipper,
(6 ) (r0~13) (4z)

Cairnes Hume and Rutherfoard have contributed mnah to our know=
ledge of this part of the foothills belt, _
For the ares between Bow river and North Saskatahé;
wan river praetiaally nething is available in the way @f pub=-
lished geoclogiesl é&ta. R@Q% made a rapid reconnalssance
along ﬁha'yrineipal.stxeams‘maﬁy Years ago.
North of the North Saskatchewan eonsiderable
work has been done by Allgé? Rutherfé?hﬁgyaexa§:)Warrégaan&

(19~ 21)
EaaViear, most of the resulis of whieh have baen published,

A_bibliegraphy of foothills geology is included
with this report, the numbers cited with the nﬁ@ss of the above~
»m@nti@naa authors: - having réfer&nee té this list, |
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the determinations of various fossil collections by F. H.
MeLearn, of the Geological Survey of Ganaéa; P. 8. Warren of .
the University of Alberta, L. G, Hertlein of the ealifarnia
Academy of Seiences, and W. S. Dyer of the Ontario Bepaikmant -
of Mines. Thanks are also due to E. W, Berry efwﬂéhns Hopkins
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University for his work on the plant colleetions of 1927, and
te C. Sternberg of the Geological Survey of @anada; Tor the

identification of the few dinosaur remsins that were f ound,
GECLOGY

GENFRAL STATEMENT
The region lying between Highwood and Berland

A- rivers in the foothills belt is ua&arlain_by strata ?angiag
in age fram.Mi@éle Beveﬁiaﬂ to late Cretacsous arjprabahly,
early Tertiery, Those outlying mountain raﬁges.wkieh‘regran
sent the ma jor uplifés and sg@ese the Paleozoie end older
Mesozole formations are, from south t@_ﬁ@rthy‘mm@se Mountain
range, Brazeau range, Clearwater gang&i Bighorn range, Nikan-

essln rang

e end Cabin Creek range, 'yhﬁ younger Cretaceous form-

ations appear in the deep synclines and fault blccks within the

fcathills~

Although the entire sequence of formetions
appears to ba canfarmabla, one upon anath@r, it is known that
8t least two breaks ocecur in the sedimentary record. The most
importent of these was the hiatus between Wississippian and
?@r@i@’timas, A 1@35@3 interval of evident uplift and erosion
is indicated by the relations between the Kootenay and the

overlying Blairmore formation,-

s&?ﬁwm‘
- The following stratigraphic table summarigeg

the lithslegie charaeter and faunal content of the various
formations, It should be notéd that the Whitehorse (Triassie)

formation and the Nikanassin (Kootenay) formation are absent
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in the esstern part of the foothills belt. Oertain of the form-
ations thicken rapidly from east to west across the foothills,

Stratigraphic Table

Thick
Lge | Formation Lithglcgy ness

Belly River | Fresh-water ss, and sh.gray | 7000% 4

and and green-gray beds up to &0V
younger thick. Coal occurs at sever-
al horizons. A few gastropods
and Unios, rare dinosaur bone
wfragmenﬁs;

Cretac,-
Montana

&
later

[Tertiary

Upper Benton | Marine dk.gray sdy.shales, 1350
: -Upper 500' very sdy.Many brow
ironstone conetns.Baculites
ovatus common, Middie 4507
Pinely bedded,hard cale,
layers occur.0Qstrea cf, con-
%gﬁta,,Anamia D COMMOn,
ower 400F sd7,sh.small con-
etns, of brown ironstone,
flae hd. ss. rivbons, .
Secaphites ventrieosus

Upper Colorado
Eerly Montana

-

Cardium Ss. |Marine ss, and sh.Upper ss,. 300% 4
, approx, 75% thick sometimes
with cgte, Middle sh,sdy.
with conttns.approx,.150t,
| Lower ss, 75% Cardium
Pauperculum

Upper Cretaceous

Upper
Colorado

Lower Benton Marine sh, Upper part has 200"
small conctns.Middle part

fine, fissile black clay sh,

with ss. ribbons, Inoceramus

labiatus, Prionotropis sp..

In herd bands in this éﬁ%

Lower part sdy.rusty sh.

Lower
Colorado

Blairmore Upper part gray and greenish | 1100t
ogtic.ss. and sdy.shales with | %o ‘ TR
red bands ("Dakota").Middle = |1800v | IR
contains coal seams in
north.Brackish to fresh-water
dark shales and 88+ in lower
part,containing fossils
Corbula & Pschymelenia.Basal
eonglomerate. , '

Upper
&
Lower
Cretaceous

e AL e



Stratigraphie Table

Conttd,

Formation

&
]

Lithology

Thick
ness

Nikeanassin
(Kootenay)

Lower
Cretac~
eous

Interbedded brownish to -
gray ss. and dark shales,
carbanaceovs toward top.

12007

Fernie

Black ,marine sh, with -
brown te light gray ss.
bands, Few thin hard
black limesitone bands

in the shale.B@lemnitas; _

350"
to
1290'

Turagse
' ie

Whitehorse

Trisssie

Upper part 1t. gray to
creamy white hard and
porous le. Lowér part
intervedded dk.gray to
brown ss, and black -
shales. Ammonites aceﬂr.

00t
to
200"

Mississippian

Mississippian

Uppermoet 200 very por-
ous dk.grey to compack
lt.gray dolomite. Below
this c¢eoarse to fine
eryst.gray ls.Basal peart
thinly bedded ,shaly ls,.
and she with thin blagk
chert stringers.Fossils
abuﬂﬁant.

11501

Devonisn

;ﬁz

' B@V@ﬁﬁ

Fine=-gi.hd, dk.gray iz,
at top, massive bed 1507

1in thickness.Below this

inter-bedded soft ghaly '

118, and 31109?5.'{711 M. .
ledges of ls.or dolomite.

1000t 4|

ﬁevanian |

‘Bocks of Devenian age are exposed in th@ clear-' ;

'water, Brazesu, Bighorn and Nikanassin mountain TENges.

The

mo st ecomplete and best exposed section was found in Saskaﬁehe-a'i

wan Gap, where the Nﬁrth Saskatchewan river has cut &eegly

into the Paleozoic formations which form Brazeau range.



The following section was measured:-

~ Overlying beds, soft shales and shely limestones
of Mississippian Tormation.

150 limestone, dark gray, very hard, dense to finely
crystalline, makés prominent ledge. Fossils

plentiful at top, Spirifer whitneyi, Athyris
angelica, ete, =

4001 interbedded limestone and dolomitie limestones,
gray and dark gray, with few thin banded ss. beds,
brownish-gray. In general softer than the top

~ member, though few hard litestones ledges up to
30! thick are seen. Orthoceras sp, and ef.
~ Favosites limitaris Fom.7

12t shale, soft, san@y;ﬁfyight'graen. _
200* "Limﬁstons‘amd sgnﬁy/limﬁstgn@ as previously,
150t Lim@stoné; hara; dark-gray, with softer shaiy beds

ineluded. Fossils in top, Leiorh:
catum Kelly,Atrypa reticula?ig |

chus parvipli-
mn, )

100t Shale, caléareous, fairly soft, light green-gray -
' on outerop, platy to fissile. TFew fossils in top.
Rizocerss? Peterioceras? ,

20' 4 Limestome, black, thinly bedded on top beceming
, more massive going dewn in seetion, TFossils rare,
ﬂmﬁﬁiemearas 5D« '

The lowest bed of the above section is dated

&8s "probably Devonian" on the basis of the Manticogeras sp.

Therefore the Devonian measures at least 1000 feet in thick-
ness, and is not totally exposed,

_ Devonian has been used as a formation name in
the field, no attempt having been made to sub-divide this
series of rocks, It seems likely that the uppermost m&S&iva_
limestone membar, which contains the Spirifer whitneyi faune,

o (45) (53
is equivelent to the Minnewanks limestone of Banff areai( )

An Upper Devonian fauna,




Mississippian

The Mississippian f@rmatioﬁ~eenf@rmably
overlies the Devonian, where it is exposed in the outlying
meuntain ranges. A good segtion of the lower .and middle
part of this series of beﬂs'i$ exposed in Séakaﬁchew&n Gaps
the uppermost part is seen to best advantage on the failread
cuts east of Nordegg. |

A composite section of the formation follows:=.

Overlying beds:- Black, hard, limestones and shales,{..;_'w‘

of basal Fernie (Jurassie)

100' Fine grained gray to light gray dolomites inber-
~ bedded with similsar but porous dolomites, Black
bitumen (?) residue in pores, .

90* 7Very porous dolomite, gray to dark gray, - some
thin non-porous bands, very fine-grained none
erystalline, white weathering., Pores contain
mueh black material, with secondary calcite also,
Pew poorly preserved gestropods and Syringopora?

- 9B @hieflgggassiv@ Tinely erystalline gray to light
. gray limestone. Rare pores with blaek residue
therein., In base ¢oarsely erystalline ls., dark
gray, _Syringopors surcularia occurs here,

585" Massive to platy limestones, coarsely amd finely
- erystalline, gray to dark gray or burf in ceértain
beds, Chert ocours in nodules and strigers, 1%,

gray %o black 1% ¢olor. Cup corals anﬁ @h@ﬂ$t$$ws§;. ;ch;3

found in midéle,

3' Limestone, gray, full‘9f §girifer,af. striat;;ermis1 
and Cliothyridina sp. ‘ . -

50' thinly bedded gray, sandy limestone and black chert.

125' Limestone in hard, erystalline bands up to 3' thick,
separated by intervals of 20' of platy limestone
and shale. Fossils plentiful, such as Spirifer
striatiformis, Camerofoechis metsllica, Productella

Dyxideta, Composita humilis, ebe. - & Kinderhook

o IR R ,

100' Limestone, cieamy-gray, shaly, breaking down into
small pieces,



2501 ~Limastane, thinly beddeﬂ to shaly; basal 100¢
gontains much vlack or dark gray chert in
thin stringers along bedding planes, From
the top of this member were collected,
Spirifer striatiformis, Fenestella ef.rnéis

Brechythyris chouteauensis, | ! Y
‘-‘”h@uteauansLs, ste. L Kinder

Towest ﬁiés.ssippi&n.

The thiakness af this series af beds is

appr@ximately 1150 feet, and agyarently does not vary a

great deal in the outer m@aﬁtaln rENges,

- The age of the fematian e:s:tends from
lowest Mississippian t@,@gssibly Pennsylvaniau, though,
for the present, the whole series is regarded and classed

as Mississippien., The typieal Medison corel,Syringepor

surculeria ,occurs sameiﬁﬁb-fe&t from the tope. The upper

two thirds of the formation is about equivelent to the
Rundle limestone, and the lower one third to the Banff

@s) (5 3)
shala, of the Banff area,

,‘whztaherse Fmrmation (Triassie)

_The Whitah@rs@ foymation a@msista of &

series of msrine or brackish water sediments, the upper half
consisting chiefly @fllimestenes,ané the lower half of fine
san&stanes'ana shales, It has been naméé fex Whitehorse

ereek, a tributary of McLeod river, which enters the latter

stﬁeam.en‘thﬁ west side of ﬁha Eikaﬂaasin range at the south~
west end'ef @&éamin‘ﬁéy. The Whitehorse férﬁaﬁi&n has been
mapped as Triassic by B. R Maeﬁay in this ares, and is at
.least in part %he equivalenx of the U@p@r Banff Shale as
mappea by Malleoh along the Bigherﬁ rangs to the sauth. In

" the BrazZeau range country to the south-~eagt, this formation

* Personal communication,
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is entirely missing; this is also the case in the far south

in Moose Mountain area., It cen be traced north-westward from

the type loeality, however, and has been recognized north of

Berland river in Cabin Oreek range,

130°

60t

20t
45

B75!

A generalised section is given below:w :
Overying bed:- Soft black shale of Fernie formation,

Hard lt.gray to creamy white limestone, weathering
slight rusty tint in places. Chiefly massive beds
with thinly bedded intercalations, Pseudow
breceiated bands in lower part, also some undederm-
inable pelecypeds, o '

Soft, gray, shaly limestone, weathering buff or
light yellow, Highly porous or brecciated appear-
gnge Tor most part, but contains hard compact
ands ,

Hard, reddish-weathering sandstone, shaly limestone

and compact shale,

Interbedded soft ard hard, porous and compaet, buff
limestone, shaly limestone and ealeareous shale, '

thinly bedded, brown to dark gray, fine eale,
sandstone and dark gray to blaeck fine shales. Ss,.
bads up to 4' thieck, Shales very fine and Tissile
in plaees, Thin bands of fossiliferous, porous,
buff limestone 75' above base. Armonites occur in

these beds,

Underlyiug beds - Mississippien limestones.
In the Nikenassin renge territory, the White-

herse,f@imatign is from 600 feet to 750 feet in thickness;

farth§r~narth,almng Qébi@ Creek range, 1t would appear to be
closer te 900 feet thieko

It is possible that the Triassie sea, in which

these Seﬁiments were deposited, extended much farther east and

south and included the Brezeau range area, The pre~Fernie

period of uplift and erasiou;'hawever, was of suffieient dura-

tion and intensity to remove all evidence of Triassiec sedimenta-

tion from Brazeau range.
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. On the other hand the Whitehorse formation.may

represent the deposition,along the eastern fringe of the
Triassie Cordilleran trough, In this ease, the formation
would undeubtéély'thin rapidly eastward and the Brazeau'
range country was prebably an area of. nunudepositian, as in-
dicated by the Mississipplen - Fernie hiatus., |

| | In the Cabin Creek area, north of Berland
river, a small colleetion of émmmnitesywas obtained from the
basal part of the Whitehcrse formation, They have been tenta-
- tively idéntified by‘warreh ast- '_
- (1) Probably Tenaspis marcovi. Hyatt and Smith,

- | or Ophiéeras dieneri '
(2)J Probab1y Mﬁakecaras_graeilibatis, whi te,
(3) Resembles Ceratites blakei, Gabb |

or Meekoeeras n, sp.

There seems little doubt that these beds ere
of the lower part ol the Lower Trisssic, The age of the |

upper part of the fermation is still in doubt, but Stratiwb

graphie evidence wenld indieate that depcsitian was eonﬁinuous
from basal into upper Whitehorse time, ‘henee the entire form-
ation is probably of Triassic age.

Fernie Formation (Jurassic)

The name Fernie formation was ariginally applied
by Leaég)te _the marine Jurassic beds in the Blairmorezrea,
near Fernie, B, ¢, These sediments are chiefly dark shales ‘
‘with sandstone and limestone bands, containing several faunas,

among which Belemnites sp., is common, A% th@ftype locality

the Fernie formation is about 1000 feet thick, I} rests dis-

conformably upon the underlying Paleozoie 11me$tenes and
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grades upward into the terrestrlal deposits of the Kbatenay,
" latter
théa formation cent&ins ¢coal measures in the upper part.
(6)
In the Wadb@ Mountain area, Cairnes found

about 2850 feet of dark marine shales holding Belemnites sp.
lying disconformably on the Paleozoic limestone and grading
upward into a,sandstaﬁé,ana shale series containing coal
seaus, Sin¢a the cerral&txoﬁ with the Blairmsre area appeared
'@bvzous he named the mqrina shales the Fernie formation and
:-the_eaalnbaariag‘baés the Kootenay formation, ‘

on @ilsmn ereek, a tributary of Jemes river,
which dreins the ares immsﬁiataly south and west of Brazeau X
range, the Fernie is x&aéﬁly‘ree@gnizeﬁ. Here it consists of
some 300 feet of beds, ehiefly dark maiine,&haiaa with brown-
weaﬁhexing sandstone in thé base, lying'With apparent conforme
ity upon the Paleozolc limestone, In the lower part of the
dark sheles, thin,hard, black limestons bande are present,
and leyers up to 6 inches thick composed of Belemnites guards
oceur, The Fernie is overlaid by the basal conglomerate of
the Blairmore Tormation. The Kodt enay of the south is entire»
1y~mlssing in the Brazeau range. cauntry; Sandstone beds with-
in the Ferule become of more importance farther.nnrth, reylae~
ing in part;_%he Tine black shales., A seebion of the formatian
measured in Dutch @reek, a tributary of the North Saskatehewan,
comprises the following beds:=- |

@v;er:},ying bed:~ Basal conglomerate of Blairmore forme
ation,
S' Bandy, poorly bedded, greenish shala.

50 Interbedded sandstone and shale, the latter inereas-
ing in importance towaré the base.




- 100' Semdstone, platy ta massive, fine grained,
hard, light grey on fresh surface, light brswn
on autcrop._

50t Shale, fine, blaak, fissile, but with sandstone
rivbong in uwper 81, wiieh inerease in number
and thickness toward the tap._

121 Sanéstene, fine grained, hard, light grey on
“fresh surfaaa, weathers rusty brown.

i2* Shale, with small sanﬁstone ban&s. .
'  Sandstone as before, . Contains numerous casts,
consisting of black chert, of Trigonia sp., Artica
Ep. and Belemnites sp.

10t Qbs@ur@ﬁ,shale;

B' Sendstone as above, with similar fossil contents,
20" Obscured shale.,
50*  Blaeck, dense cherty limestone anpd si&bby, black,

samdy sh&l@s. Rare P&atem SPe an& Pseuﬁ@m@nwtis
3. iy, !

ﬁﬂ&arlv;mg bed - Light gray 1imaatane (Fale@zolc -
‘ Mississippian)

The Fernie formation is from 500 feet to 580
feet ia.%hi&kﬂ@ss whorever observed along Bragesu range,

The contagt betwsen the Fernie and Mississip-
pian Limestone or dclomite appears to be unifermly

gonform-
able, but it is known that an histus of considerable @ﬂgﬁi* h
tnde is represented, since the ?$ﬁﬂ$?1?&ni§a, rermian,
Trisgsio and Lowr Furassie are entirely missing.

The basal Blairmore oonglomerste, which limite
the Fernle farmation at the tep, is & widespread herizen

’ﬁ@rk@%, and, though generslly eppsaring to be conformable with

the underlying beds, gﬁﬁﬁa $V3%@nﬂ$ of a %i&éﬁﬁf@rmablﬁ P

lationship at a few loeslities. This conglomerate is known
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Vta rest upon successively higher beds as it is traced weste
ward, |

In the Bighern and Nikanassin ranges to the
west and north-west of Brazeau range, a much greater thick-
ness of beds is referred to the Fernie. This series,
which is roughly 1200 feet thiak; rests conformably upon the
whi%e limestones of the upper Whitehorse formation, and
grades upward into the interbedded sandstones and shales of
the Nikanassin.farmaﬁién;

The stratigraphie relations between the Fernie
and Nikenassin formations’ would appear to be comparable to
those existing between the Fernie and Kootenay of the south,
the two formations in each case representing a series of |
deposits which is entirely gradational in character from
marine te brackish or fresh water sediments., Such being
the case, the upper limit of the Fernie in the Nikenassin
range country is purely anAarbitrary line, drawn at that
point in the section where the typical Fernie shales become
of minor im@erﬁéﬁﬁa, giving‘plage;taﬁwhat';sfpraéaminantly
& pandstone series with ‘intez'héd&ea shales,

An approximate section of the Fernie of thiS“
area caupriges the f@ll@miﬁg beds§;

Overlying bed, thick ss. at bese of Nikenassin
format iQ:ﬂ- .

800!  Chiefly dark gray sandy shales with thin bands
of brownish-weéathering ss., and few thiek lenses
of similar ss, Thinner bedded toward base,
less ss, - ~ '

17'  Dark gray sandstone.

50'  Fine, dark gray shale,
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5' Cale, ss, or sandy limestone, dark gray. Weathers
brown on top, coneretionary in eharaet@r with
many fossils,’

Belemnites SPe
Ammonites sba

45' Soft black shale,

12 White qnartﬁitic_ss,, harﬁ; massive bed. )
195'  Soft black shale, thin brown ss, ribbcnsg ﬁe@ard tope
- 60' Hard black cherty ls¢_and‘sdy, ls, and shale,

5?;‘Sof% black shale, E

Underlying be& white 1&. at top of Whitehorse
formation

» North of Ber}ﬂana*rimf;“ in the Cabin Creek
: area,}abaut'ﬁﬁa feet of fine black shale eontaining Balémnitgs
Bp., overlies the Whitehorse formation, aaé grades upward inte
intercelated sandstones and shales, Just how mueh of bhis
sandy sérias_shmalﬁ be inéluﬂaﬁ in the Fernie formation is
problematical. |

| The great thickening of the Jurassic west-
ward from Brazeau to Nikenassin end Bighorn ranges is inter-
esting indeed, It may indicate that the Fernie sea continued
to exist much later in the western areas tham it did farther
gast, or p@ssihiy this thick section once extended Tar to the
east but was largely removed &uring the pra—Blaixmﬂre periocd

of upllft and erosion,

Nikanassin Formation {Kootenay)

Some reference has alr&a&y been made to the
Nikenassin and Kootenay formations, and their probsble equiva-

lence has been indicated,
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The Nikamassin formation was named by B. R,
Mﬁa&ﬁ%yfar ﬁikanassin‘range, and consists of a series of
brackish %o freshéwater(sanﬁstengs and shale$.whieh is grad-
ational into the underlying Fernie formation, and is limited
at the top by the Cadomin (basal Blairmore) conglemerate.
The thickness is approximately 1200 feet. In lithologieal
character, the Nikanassin formetion presents a monotoncus
succession of massive‘ta platy sandstones, chiefly rather fine-
grained, with interbedded fine-grained or sandy black to
dark gray shales, A change is noticeable in the character af
'the sandstones from the basal part upwerd in the section,
sinae the lower sandstones are light gray amd quertzitiec
on a fresh surface, whereas they become rather earbonaceous
and brown to dark gray in color %@wéx& the top of the form-
ation, The interbedded shales alsc contain carbonacecus
materialy eoalvsaams, however, have not been found in the
Nikanassin Tormation,

This series of beds is continuous in a north-
westerly diveetion to beyond Berland river, having been
, reeagnizad along Cabin Creek range. As previously in&ieats&
the Nikenassin formation is not present in the Brazeau range
territory to the south-east, but is well aevalapad slong
Bighorn range,

Fossils are rare in these beds; merely a
few peorly preserved pelecypods were found, which have been
- ¢lassed "new sFe@;@sé. No determinable plant remains were
~obbained, |

In the Moose Mountain eountry, sauth of Bow

. 6) .
river, Cairnes placed some 350 feet of sandstsnas and shal@s,




-16 -

with coal seams in the upper Qart;’ihvths Keeteg&? fermatian;
This series grades into the marine Fernie below, and is over-
laid by the basal Blairmere conglomerate at the top. {Basal
Dakota of aairnes.): The eviaenpe of plant remains, presgnce
of ecoal sesms, and general stratigr&phie,relaﬁiengl 1ena,
sugpart to the ecrrelatién éf this formation with the Kootenay
of Blairmore area. |
' on the basis of its relation to the Fewnie,
shala, th& Nikanassin fonmatian would appear to be at least K -
' in_par%~aquivalenﬁ to th& Rootenay farmatien. It is evident,
 however, that the Kootenay ceal_aaams ao’nat;axtend iﬁﬁq the
northern part of the region under discussiom. It w;ll'ba
shown in tﬁa dé&&ripti@n of the Blairmore formation, that
the cemmereial'c@ai series af'the northern ecal areas are S
not of Kb@tenay‘ag@, - as Allan aﬁd Ruthé;}gzémgave r@parted - -
but are much younger, |
_ The recent work of Hume on the Canyon creek
seetion, Moose Mountain area, bfings.forwaré scme evidence
of a discordence at the eontaet b@tw%en the Kootenay and
Fernie formetions. Cazrnég, h@wa?er, regarded the contact
és guite conformable and coneluded that the change from
Pernie to Eﬁet@nay'éepeaiti@n.was transitional. The present
writer agrees with Cairnes that no disecon? ermity between the
Fa:ﬁi@ and Kootenay formations is reprosented in this area,
It is of interest %o note here an evident
misuse of terme in the formatiomal nomenclature of Turner
Valley oil fiefgz where some 550 feet of beds is referred to
| the'Kaetenay'fefmatiaﬁ. The top of this series isgmarkeﬁ

by & poor coal seam, of rather erratic development, under-
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laid by dark greenish and gray San&stenes and sandy shales,
with blacgk shales becoming more prominent as the section
is descended, The whiée or light gray,fine, qﬁartz,
"Home" sandstone lies in the middle of the formation; the
shales below thls bed are m@stly blaek and fine-grained,
with brewnish, hard limsstene bands and Tine gray calcareous
sandstone lay@rs. Peleeypods and gastropods are sbundant
in thin zones. The base .of the Kootenay is marked by the
'Dalhousie’sandstone, which is generally eoarséugﬁainaﬁ'ana
oftaﬁ:aenglﬁmeratié; . N , _
Immediately underlying the@@&lhausie“sanﬁst@ﬁe,
a coal seam.aeeurs, and this bed is underlaid by the "Brown
san&smnes“ whiech are evidently gra&atieml downward into the
marine Fernie shale, .
It is the writer's conclusion, after consider~
able study of the Kbotenay and Blairmore f@rmati@ns in the
~ foothills %o the west and north of Turner Valley area, that
the Kb@tanay'formatiaﬁ, if present at all in: this field, is
represanteﬁ by the "Brown sandstones®™ and the overlying eoal
bed, The ﬂalhausia sandstone will then correlate with the
basal Blairmore eanglame&&%é; tha'ii%helegy and fawmal content
of the strata between the Dalhousie sand and the "Koobenay
ecoal" of Turner Valley correspond elosely with the lower Blair-
more beds as they are known to ‘the west and north, The Blair-
more formation as known from surface studies would thus appear
te be equivalent to the Blairmore (Dakota) and Kootenay com-
bined of Turner Valley area, where these formations are known

from subs»surface study only.

The upper part of the Kootenay formation in
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the Moose Mountain area has yielded plant remeins which ine
dicate the Lower Cretaceous age of these beds, It 1is possible
that the lower part of this series of beds, which is every-
where gradat;oﬁal into the underlying Fernie shale, @ay-ba of

Jurassic ags. _ -

Blairmore Formation

o The Blairm@ré formation was originally defined
by W. W, Leégﬁegor the Blairmore map ares, as & series of
sandstones and shales underlaid by the coalébaaring m@asures‘
of the Kootenay formation and limited at the top by the over=
lying Crowsnest Voleanies. TF. H, MﬂLegigwiater obtained
some fossil collections in that area and published merely an
outline of his results, but just recently a full descripbtion
of those collections and the stratigraphy has been gublishe&
by ﬁe@@afg? in cellaboration with S. 5. Buckman amd E. W, |
Berry.

A persistent thick conglomerate marks the base
Gf the Blairmore, its'relaﬁiqnfﬁa the underlying Kootenay
' sa®ming to be;slighﬁly uncanférm&ble. The lower part of the
formation is deseribed as similar to the Kootenay in appear-
’ance; in general rather dark sandstones and shales; toward
‘the top gfeenish and gray sandstones and shales, with red
shale bands,appear., No coal is present in the formation.
Tﬁ@ total thickness is 1850 feet, .

B@rgg)has established twe floras, a "Lower
Blairmore® flora of Kootenay type with rare dieotyledonous
-angliosperms, which is considered as late Lower Cretaceous in

age, and an "Upper Blairmore" flora which contains several
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. ) e B
Upper Cretaceous dicotyledons. Helearn describes a fresh

Water fauna _having about the same range as the *Lower Blaire
more" Tlora. _ w

The work of J, S. &tewag?)warrleé the name
:.Blairm&re nor thward thraagh the foothills, He noted parbi-
cularly the conbinuity of the basal aanglamﬁrata as & marker
bad and the evidenee of a discerdance be%ween 1% and the
.unﬁerlyzng‘ﬁa@tanay‘eaal BEASUDLES Rb:&h of Blairmore area
the ﬂrawsnestvvblaani@s evidently lens out, and the Blairmore
is conformably overlain by the Lower Benton shale,

Bruge R@izjmappeﬁ Blairmore formation in the
Highwn@@ coal basin, and used the basal esnglamsrate as an
horizon merker, D. D, bairnég)haé previously mapped the
Moose Mountain area, end had given the formetion name “"Dakotan
to what is, no doub%, the Blairmore formation, In facty, Eﬁ%g
has recenily re-deseribed this formation and used the reme
Blairmore. ﬁaiénea remarks upon the uselulness of the bagal

conglomerate in locating the coal seams of the Kootenay which

lie immediately below it. The conglomerate is deseribed as a

continuous key bed from the Sheep river northward $o within .
five miles of Bow river. Gaifnas ﬂ@t@& the EKootenay sspest of
'him "Dakota®™ flora and expressed the apinigﬁ that the lower
‘part of the fTormetien ﬁight'be Kootenay in age. When the de~
terminations of Fume's recent eollections are published it _
will probebly be shown that this is a "Lower Blairmore" flora,
which closely resembles the Kootenay flora. The thickness in
Moose Mountain area is approximately 1700 feet.
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Re Lo Ruthérfaﬁgﬂha$ mapped as Blairmore
those_heaé unéerlying the Lower Benton shale along Bow
river, but evidently the entire fcrmétioa is no% ezpcsed.

| | - In the work carried on by the writer south
of Bow river, the upper part of the Blairmore has been mapped
in the Highwood ragiaé, Bragg Creek and elsewhere and same
study has been given to the lower part in the vieinity‘af
Canyon creek, Moose Mountain area, where the basal conglomer~
ate is, as elsewhere, a praminanﬁ member,

In 1927 axplaratery'work was carried ncrth-
 werd from Bow river along the foothills belt. The Ghost river
exposures show only the upper beds of the formation, which,
as in the south, are massive grey sandstones with conglomerate
lenses, and greenish shales with red bands, One or two car-
bonaceous shale seams occur, but these never develop into |
goal seams of any importance. The lower part of the forme-
tion does not appear until Red Beer—river is approasched,
and from this stream northward large areas are underlain by
the Blairmore rocks, |

| | - A 80 foot conglomerate bed marks the base of
the formetion. This messive bed appears to rest conTormably
on thinly be&dsd.sanéstones and shales, which belong in the
. Fernie formation. There is no Kootenay, (using the nomen-
ialatum of the south country) in the Brazesu range region.
The lithologiecal characteristics of the Blairmore on the Red
Deer river sectlon are very similar to those observed in ihef_
‘Moose Mountain srea. The lower part conbains more dark shale,
and the‘sandstones are in general more thinly beﬁded and

darker in color, though one horizon is marked by a light
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gray quartzitic sandstone, possibly equivélent,to the "Home
sandstone” of Turner Valley, The upper part is made up of
the usual gray and greenish, coarse or conglomeratie sand=
stones, with greenish or vari-colored shales near the top,
and generally same reddish bands or mottlings. The contact
With%h& overlying Lower Benton always‘appearSvta be conforms
able, the black marine shales in plac&s‘resting directly on
sandstones or, at a few localities, on a conglomerate, in
other places showing gradation inta;graenish.sanay shales
of the Blairmore,

X Coal seams are first noticed on Prairie
er@ekj between Clesrwater and Ram rivers, appearing about
the middle of the formstion. These coal me&saras'rapiﬁly
assama:impatﬁanﬁe to the north, and it is from these seams
that coal is mined at Nordegg, Mountain Park, Cadomin, Lusear
and, until recently, at Brule. To the writer's knowledge
they extend as far north as the Berland river, where the seams
are still of cemmercial ivportance, A'

As in the country south of Bow river, the

)basal conglomerate of the Blairmore continues to be an ex-
aellghtﬁmarker bed. It varies in thickness from a few feet to
75 feet, and consists of vari-colered chert and quartzite
pebbles, averaging sn inech in diameter, in a matrix of coarse
send. In its stratigraphia relatlonship to certain litho-
logic units andl a fossil zone lying abowe i%, this basal cone
glomerate segmﬁl?a maintain a vmryfcenétant position in thé
gection. This is rather surprising eonsidering the type of
deposition which it probably represents, i.e., stream channel

deposition,
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The Blairmore is from 1100ftto 1300t thick
along Brazeau range, but in Bighérn and ﬁikangssin ranges
attains a thickness of 1700 feet to 1800 feet,

Faunas and Floras

Between 200 feet and 300 feet abavauthe bagal
conglomerate +there oeccurs a zone wherein fine, black, flaky
shales with ironstone bands and thin’sanéstane beds predomin-

ate, Individual black shale members, up to 75' thick, with

small brown ironstone congretions and thin bands, give the zone

a dee¢idedly marine aspect, A small pelecypod which has been

classed as Corbula sp, or Astarte sp. is very abundent in the

Tine sha;e in»ylaees,'alse aeauring in the aéneretions and

sandstone beds, The gastropod Pachymelanis also is commonly
found, an&'aVsma;l Cardium sp, was abundent in this shale at

one locality, T. W, Stanté%ﬁaXaminaa a cslleetién,ebtainéﬁ by"

Malloeh from this horizen in the Bighorn Basin end noted par-
ticularly its marine character, | | c

The remains of a amall din@saur determined by

'Sternbarg to be a marine Plesiosaur, w&ra faun& in this bla@k
ahale at one leeality on the cardinal river., |
Re L. Rutherfaga)has aeseribeé these beda in
full and commented upon their pesslble marine erigin.
In sandstone beds a few feat below the dark
shales Vivigarua sp. and Unio sp, have been collected, in~-

which were
~dicative of ﬁh@ fresh-water conditions, prevalent prior %o the

deposition of the shalier beds,
At only ons locality have fossils b@@n found

in the upper part of the Blairmore and this was in the extreme
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south in the Pekisko creek area, where a coneretiomary, cale

garecus bed contains Goniobasis sp., Yiv;p&r&s”sp, and pelecy=
pods, a fresh-water assemblage, T |

The fauna deseribed by MeLsaén)for the Blairmore
~area is evidently fresh-water in type,

Plant remains have been found in the Blalrmore i
formation at several localities in the Brazeau range country '
- and farther to the northewest, ﬁmrizené from which plants were
obta ined rang@ from beds 75 Teet above the basal conglomerate
to the top of the coal series,

A list is given below of the plants identi-
Tied and their approximate stratigraphie @asitiﬁns. These wafav
collected between Clearwater and Gregg rivers,

( Pseudocycas unjige (Du)
Coal series ( Withringtonites

500" to 800! ( Taxodimm

glomerste,

{
{
2
above cone E Torreya dicksoniana Heer
% Hilsonla nigracollensis Urelend
{ .

{ S@qﬁeia

Pseudocyeas unjiga (Dn)

{

é Torreya dicksoniana Heer
100' to gg@i é Nilsonia nigraeollensis Ureland
above bQSél _é sﬁquoia,sp. | |
ﬁonglamarate,é Podozanmites laneeolatus (Braun)

; Onyehiopsis sp.

{ Pterophyllum aéuﬁip@nnis {Heer)

& comparison of these floras with those whieh



have been established by Mﬁi&aé%égﬁﬁ.serry for the Blaimmore
formation of the Blairmore area brings out several points of
interest. As previcusly noted,two distinet floras have been |
recognized in that region, a "Lower Blairmore® and an "Upper
Blairmore" flora. The upper rlexa»ranges ag low as 260 feet
below the top of the formation, the lower flora as high asg
480 feet from the top, In’%he'liaﬁlgiveﬁ ab@ve,'nene of the
~species has been faund higher than 800 feet below the top of
the f@rmatian, i.&., the top of the ceal—bearing series,
hence the eollection is~in general representative of the lawﬁr
part of the Blsirmore., In general, the a&ssemblage aewesyanﬁs
to Berry's lower Blairmmra fl@ra, with the exeeption of

Paeuﬁ@e ¢o.8

and & supposed index to thet horizon, - and Peﬁ»zamit@s

1an@@olatus, which, though g@narally found in the Eootenay

flora, is kn@wn to range higher, and, to quote lerry; this

species "laaks both botanical and ehronological aignifieangaﬁ;" |

 The oceurrence of Pseudocyeas unjige in beds as low as 200 feet

above the basal conglomerate would tend to discount its value

as an index to u@parmms? Blairmore beas, to which Berry attaches

considerable im@artanéé,. It is evidently true for the B}gixh
more reglion, but certainly is not the case farther north,

| In such a Jransition series as the Blairmore
f@rmati@n'w@pr@semts,.Wh@i@in.the,tewex Cretaag@ug gra&aa up-
| ward, without sny apparent break in deﬁeaiﬁian, into the Upper
Cretaceous, there would naturally be much intermingling of
the plant forms, end it is doubtful if confidemce eould be

placed irn any one spscies as an horizon marker,

unjiga, - which is one of his upper Bl&inmmve typﬁs .
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(1) _ _
MoKay has ree@ntly'publishgd a list of plants

collected from the Brule ccal beds, which, as already indicated,
is the same series that is mined at Nordegg, Cadomin, Luscar
and Mountain Park, and oeceurs in the middle of the Blairmore
formation, as mapped by the writer. We A, Bell has identified
the Tlora as "lower Blairmore in age".

Berr?khas pr@nﬂunée& the lower Rlairmore flﬁr& |
to be distincetly late Lower Cretaceous in age and prakably
reyresenting the Aptian and Albian of the stan&ard Buropean
"seetzan. ?ha upper Blairmare fleora, he states, ‘1s’ definitely’
Upper Cretacecus in age, about equivalent to Ganemaniﬁn;.that;l
is, ef about the age of the Cheyenne .sandsbone of Kenses, there-
fore older than Dakota, The use of the term "Dakobta" for the
upper part of %he'Blaiﬁmﬁya.forﬂﬁ%i@ﬂ,WGﬂld ﬁh@réf@x& be ob-
#iwasly insorrect, ’ .

‘Pravi@uﬁ'WQrk North of North &as&aﬁeh&w&n ﬁivar.

Various formation namﬁs have been appliad to
the El&lrmare in the territory north of North Saskatehewan
rlver, the general tendency heving been to elass this formas
tion as Ebotenay, the presence of a e@wmer@ial aoal geries in-
dicating a possible correlation with the Kootenay of the region
 south of Bow river. It hes herein been shown, however, that
these - eoal,measuras of the north are mueh younger.

_ ﬁllan and &uth&rfwrﬁ have used the formation
name Koobensy, and, in the ﬁbrdegg araa, plaeeé the basal con-.
glomerate within the Fernie formation, Farther nag?EW)the |
Eootenay was sub-divided into the upper “ﬁaLeaﬁ.mﬁmﬁer“ and
the lower "Coal-bearing member® and the conglemerate was ineluded

as the basal bed of the Kootenay,
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_ MacKay; working in the Nikanassin range _
country, has included the Blairmore in his Kootenay group,
and divided the formation into three members, namely, the -
Cadomin conglomerate at the base, the Luscar formation in the
middle, - which conteins the coal seams, - ami the Mountain
Park sendstone at the "!30:9.'

In the Bigharn basin, %ganoég)name& a8 Kootenay
those beds from the top of the ccal series down %o the Fernie
'shale“ the upper part of the formation he termed Dakota,

The subudivisiéns which he worked out along Nike
anassin range have been used by ’\aeﬁ:&(g)in the Brule area, north
of Athabasks river, though the Mountain Park sandstons is not
so distinet a member as it is %o the sou%h.

F&rth@x' north, fﬁae‘?’icar tem the upper part
th@ Sunset swdstone, but eclassed as Keotenay all of the beds
from the top of the coal series down to the Jurassie merine
shales,

| The correlation diagram hera‘with’ included in-
dicates the synonomy of these various formation names and sube

divisions, (Plate II.)

Lower Benton Formation

- The Lower Benton formation e@ﬁﬁéisas a series of
finely bedded, dark marine sheles lying e@nferma_biy above the
Blairmore and .gra&ing‘_j into the basal sandstone member of the
Cardium formetion above. Although the format ion name ”Bentcn“ N
was used in the southern foothills by all of the earlier workers, ‘

Rutherfora was firs’t to make the division into Upper and Lower

(9) -
Benton., Hume has p@inted out the misuse of the term "Benton®

* Pearsonal communication.
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as regarding its ape significance,

The n&me Blackstone shale was applied to this
formation by Mallech.ln the Bighorn basin, after Blackstone
river, Allan, Rutherford, Warren and MecKay have all used
this formatien name in the area between North SaakateheWan-anﬁ~
Hay rivers, The writer has mapped t]_cgj_s‘ shale as Lower Bentom
throughout the territory, fr@m.ﬁighwoéd river in the south
to Berland river in the north, since the formation appears to
undérga no change of importance in this distanee, although
in the extreme morth end of the regiah the lithologie charao~
ter gives evidence of g:aaatien into a generslly sandier
type of deposit.

The formation may be sabéi%i&ed into zones
on the basis of 1ithalagia changes as‘fellewszw _

| 100' Sendy, dark gray shale with small brown-weathering
iranstenﬂ coneretions along bedding planes, and

few thiny* fine ss. ribbons. TFew Inoceramus ef,
c@rpulantus, ‘

200' TFine, dark gray to black shales, weather rusty,
few coneretions which weather yellawish.brawn or -
orange and are up te 3 feet aeross. Thin Bentonite
s@ams occur. No fossils. :

350*  Finely bedded black eoley shales with very thin ss.
laminse, Upper part holds a few lens-shaped, gray
¢ale, coneretions, In middle, bands uwp to 2% thick
of hd, fine sandstone or esncty. limy material
oceur. These weather dirty yellowish color. Basal
portion Tine, fissile, black shales wzth few‘“f
concretions. I. labiaﬁMs and Prionotr:
fairly common In basal pert, but renge to Lop ©
this zone, Band of bentaﬁita up to 2' thiok naPks
base in some localities,

250 Sandy, rusty weathering shale, thin ss., ribbons
and few thin concty. bands, whzeh wmay become large
conetns. A platy to massive ss. bed, up to 4' thiek
oecurs about 100' above base. Fish sealss abundant
at this horizon.
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The thickness in the south end of the area is <
not more then 800 feet; there is evidence of a slight thick-
ening in the northern aress, where the formation 1s close to
1000 feet thick.

Reference will be masde in the following remarks
to the paper by Warren and Ruﬁherfaégveeneerniﬂg fossil zones
in the Colorado shalé. The present writer eaﬁn@% subseribe to
some of the statements therein,regaraing su¢h zZones withié
" the &@W@r’santen; though in general agreement with the con-
clusions set forth. _ | |

~ In the sandy, rusty weathering shale zone, some
250 feet thick, at the base of this formation, fossils are
rare, excepting tﬁe Tish-scale bed, near the base, ﬁhi&h _
seems to be a persistent horizon marker. A large ammenite,

classed as Mentelliseras sp. is of rare occurrence, also

Inoceramus cf, corpulentus, The zone is well-nomed the

PBarren Zone" by Warren and Rutherford,

Next above this Barren zone appears some . '
350 feet of fine,black shele with sandstone laminae and bands,

as deseribed above., This is the Inoceramus labiastus zone, and

accompanying this speeies is Prionotrepis woolgari Mentell,
though the latter is generally difficult to find whereas
I, Jabiatus is fairly abundant, particularly toward the base

of the zone, in the fine,black,fissile shales., A small oyster

resembling 0. congesta also occurs. Warren and Rutherford

make a separate, higher zone of the Eriaﬁetrmpis;b@as, but the

results of field work done by the writer lend no support to
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the establishment of éu@h a zone, It may further be stated

that I.labistus and P, woolgari have not been found above or

below the limits of this particular lithologieal zone.
The 200 feet zone of fine shale above the

I. lablatus zone is barren of fossil remains,

In the coneretion bearing shales extending for
100 feet below the Cardium formstion a few specimens of

L ef.ve@rpg;@ntas'havafbean collected,

As has been pointed out by Warren an&'ﬁutharferﬁ,
' the Barren zome may be tentatively correiated with the Thermo-
- polis shale and the lower part of the Greneros shale of the
‘Western Interior $tahés, and with the so-called Benton shale

of Manitoha, The I, labiatus zone correspendes to the Menitoba

"Niobrara” - which is a misﬁém@r;'n end %o the Greenhorn lime-

stone of the cenbral Great Plains, The presence of Prionotropis

sugges%vthat this zone is étalaast partly_aquivalent to the
Carlisle shale, which is stratigrephically higher thsn the
Greenhorn limestone, |
~ All of the Lower Benton formaetion would seem %o
- be @f Lower Colorado age, grading into Gpp@r Colorado at the
top, in the tranaiﬁién.ﬁa the Cardium formation,
| There is much evidence to support a correlation

, ( : ,
of the Lower Benbton with the Kaskapég)shale of Peace River area,

Cardium Sandstons Formation

In 1858 Dr. Hector applied the name "Cardium
Shales" to the whole marine series of the Bow river sea%ieﬁi
on account of the persistent appearsance of Cardis in certain
sandstone beds within.ﬁhis series, Later, Gamng% restricted

the name %o the sandstone members only, and was able to trace
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this formation southward as far as Sheep river, He also ob=
served that on the Bow river the formation is some 220 feet
thick, containing several thick sandstone and conglomerate
beds, whereas on Sheep river it is representea by about 50

feet of sanﬁy beds and iz not such a definite horizon marker, | e
Tﬂe Bighcrn sandstone, originally defined by Hallmgzofor |
the Bighorn Soal Basin, and since that time mapped by Allan
amd Rutherford and MeKay between North Saskatchewan and .
Athaﬁaéka rivers, has been ﬁraceﬁ Southward by the writer ‘ ;;fké
from the former str@am to Bow river and proved to be the R
same Tormation as the Sardium\s&n&stone. Therefore the
latter name has been uéaé for the entire area,

on the Ghost river and northward along the
central foothills for 200 miles or mpra; the formation is from
275 feet to 300 feet in thickness, It comprises a lower
sandstone member, in places 75 feet thick, consisting of |
massive or thin-bedded, rusty-weathering, quﬁrtzitia sandstone,

followed by 150 feet of sandy shale with ironstone coneretions,

then the upper sandstone member, whieh also may reach 75 feet
in'%hieknEEs, ahﬁ is simil&r te the lower m@mber but is gene-
erally capped by a few inches or es much as 10 feet of pebble
conglomerate, N
The upper contaet is thus sharply éefin@é by the

dark marine shale of the Upper Benmton resting conformably upon
sandstone or eoﬂglbmﬁrat@ ¢f the Cardium. The lower contaet
with the Lower Benton is entirdly a gradational one.

- It has been noted above that the Cardium sand-

stone becomes thinner and of erratic oceurrence to the south of
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Bow river, ad it likewise thins and finally disappears east
ward, since sube-surface data from the plains do not record a
sandst ene from what would be the equivaelent in the plains
reglon, of this stratigraphic horizon in the foothills,

‘ To the north and west the formetion is strongly
developed, The most westarly'se@tianlebservad was on the upper
Red Deer river, where there are several sandstone beds present
and tﬁﬁ»total,thicknsss is in exeess of 550 feet, indieating
a thickening to the west, In the Blackstone river area and |
nﬁithwaré;a thin lignitie shale seam appears wit@ia the Cardium
Tormation, but does not develop into a trus coal,

Fauna |

4§ardium pauperculum is fairly abundant in the

uppeyr saﬂés%@ﬁa.magb@r in most exposures, but becomes less common
south of Bow river, In the northern part of the ares several |
species @f_;n@aaxami are persistently present in the lower

sandstone member. Scaphites ventricosus has been found in the

shale gzone. The f@saiis of the Cardium formation are listed

in the teble below, with those of the Upper Benton formation.
: (s2) :

Warren and Rutherford have shown that the Cardium sandstone

does not represent a fossil zone in itself, since Cerdium pau-

- perculum has been found to uecur in higher beds also., This

Tormation does fall within the range of Scaphites ventricosus,

however, so belongs in the Upper Colorado group and is of about
‘Hiobrara age,

The Cardium formetion is,at least in part,the
squivalent of the Baﬁheaégﬂﬁanéat@ﬁe54as recognized by MclLearn

in the Smoky river-Pesce river region,
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Upper Benton Formation

The Upper Benton formation consists of marine

shales of varying lithologieal charaeter, but all rather sandy

and dark gray or blagk in color, in certain zones Weathering to

a rusty ér greenish shaae. This formabtion hes been mapped a=
long Bow river and to the south by variﬁas'gaalagists, and when

%raeéa north-westward by the writer, was found to be the exact

equivalent of the Wepiabi shale which has been mapped by various

wgrkers in the territory north of the North Saskatchewan river,

The name Wapiabi formation was first used by
Mﬁll@egﬁin the Bighorn basin, and was there aﬁpliaé to the
maring shales lying between the Bighorn {(Cardium) sandstone ab
the base and the Brazeau {Belly River) formation above,

Allan and Rutherford and MacKay have mede use of
this f@rm&tien.namz for the Upper Benton in the territory te
the north and east, In this'rap@r% the latbter nomenclature
will be ie%aine&, since 1t has been carried northward frem the
Bow river country during the ecourse of the field work. |

It seems probable that the Upper Benton ié equiv-
alent to the Smoky Rivégyshala of Pgace Eivgr‘araa. The Upper
Benton may be sub-divided into a number of zones based on the

lithologie characteristies of the shales, as Tollows:

Overlying bed, green-gray, fairly coarse, basal
Bally‘ﬁiv&r'san@stgﬁa.; ‘ ’ _ ,

100* Dark gréenishegrey, fine-grained shale, with thin,
Tine 8s. ribbons throughout, Conglomeratic band
in base, '

50  Massive to platy saﬂﬁsﬁcna, weathers brown, grading
into sendy shale et base. (Transition Zone)
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350" Sandy shale, dark gray, in massive beds approaching
sandstone in character, with thin zones of more
finely bedded shale., Layers and “cammon-ball"
coneretions of brown-weathering ironstone common,
Coneretions have septarian structure, showing net-
work of ecaleite veins, Basulites ovatus fairly
common, (Upper Concretion Zone)

450* Thinly bedded shale, fine black clay shale with
laminae of gray sandstone § inch to 2 inches
thick,; these ss. ribbons contain comminuted carbon-
aceous material in seme places. Hard, fine grained
caleareous, conecretionary bands up to 3 feet thieck
occur throughout this zone; they weather a dirty
yellowish color, but are dark gray on fresh sur-
‘face, and in seme places rather sendy. PFew thin
yellow bentonite layers, Brown-weathering iron-
stone coneretions absent., The thin sand lamin~
ations give a platy character on weathered surface,
Ostres congesta, Anomia subguadrata, Scaphites and
Thoceraml OCCUTs  (PLEtY Siala'ﬁoﬂaf v

400 Sandy shales, dark gray, with many small, brown-
weathering ironstone concretions present aleng
bedding planes, COertain thin Zones free of con-
eretions contain fine, hard ss, ribbons. TFew thin
yellow bentonite seams, Seaphites and various
Inocerami cocur. (Lower Concretion Zone)

Underlying bed - upper &s., of Cardium formation,

The zones deseribed, though entirely gradational
into eaeh other, are fairly w&llﬁééfgneﬁ uni%s in the Upper
B@mﬁ@arfarﬁaﬁgan throughout ﬁne.wegign?fr@m'ﬁhé‘ﬁighwwea to ‘
Berland river, There is some variation in the Trensition Zone, .
which is to be expeeted, in that the massive sandstome bed is
véﬁ some loealities represented by sandy shales only, owing to
lateral weriation in the type of sediment deposited during the
gradation from marine to fresh-water deposition.

The thickness of the formstion has been messured
at several places and was determined te be approximately 1350
feet, with very little variation from this figure along the
foothills belt, Various estimates of the thicknmess of the
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Upper Benton formation, or the Waplabi shale, are found in ,
the literature, most of which are excessively high, This
tendency is undoubtedly due to the faet that usually there
is much repetition of beds within the shales due to thrust~
faulting,
Faunes
A list is herewith included of the fossils
collected from the Upper Benton and Cardium formations, arrenged
‘nﬁaer'the separate lithﬁiogigal zanes; with brief remarks on
the ranges of gertain geﬁera.
| It will be noted that two broad fossil zones
may be esteblished, the lower one being ah&raaﬁerizeé by the

presence of Seaphites ventricosus, and including beds from the

base of the Cardium formation to the top of the Platy Shale
Zone of the Upper Bentangvth@ upper zone may be termed the
Baculites ovatus zone, and includes all the beds fmm the top
‘of the Platy Shale to the base of the Belly River formation,

. (52) , o
Warren and Rutherford noied the existence of
these fossll zones and remarked upon the undoubted Wiobrars
age of the Seaphites fauna, snd the Montana age of the

Baculites ovatus fauna, this latter zone being about equivalent

to the Telegraph Creek formation of the Montana arsa.

Lower Concretion Zone and Cardium Formation

Genera and Species Vertical Range

S. ventricosus _ Ranges from basal Cardium ss, up to top
— . of Platy Shale Zone .

Se ventricosus var, In narrow zcne 1l00-150' above Cardium ssl
gtantoni - not common

8. vermiformis Lower Concretion Zone
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Genera and Species

I. deformis

Vertieal Ran

¥From middle of Cardium to 300' above
Cardium Tormation,

I, exogyroides

Middle to upper par% of Lower Concretion
Zone = rare

I. umbonatus

Lower Concretion Zone,

I. ef, pontoni

100 to 150' above Cardium formation in
Lower Conetn. Zone,

I. ef, corpulentus

From 100' below Cardium to 200' above
Cardium formation « common in basal
Cardium

I. aff, flaccidus

Lower Conecretion Zone,

I, selwyni

150 above Cardium formation

I. ecoulthardi

Lower ss,. of Cardiwm and 150' above

Cardiuvm formation,

I. altus

Lower ss,., of Cardium formation

I. ¢f, albertensis

-Lower ss, of Cardium formation

I, fragilis

Lower ss. of Cardium formatim

|Exogyra sp.

Léwer;cenereticn Zone - upper part

llPhalad@mya 8D

Cardium ss, and 200' above Cardium

Pteria cf, linguiformis

350! above Cardium at top of Lower Cone
cretion Zone (rare) :

Oxytoma (Pteris)
n@braseana ,

Lower Concfetion Zone - upper part

B. ¢f, asper

150t above Cardium %o top of Platy Shale
Zone : V

Be. ef, aneeps

150* above Cardium to middle of ﬁpper
Concretion Zone (?) ,

{Cardium paupereulum

Fairly common in upper ss. member of
Cardium formation
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_éenera and Species Verﬁiaal Range - ]
Anchura sp, Middle of Lower Coneretion 70ne . -
Anisomyon sp. Middle of Lower Coneretion Zone.

Platy Shale Zone

Genere and Species . - Yertical Range
Anomia subquadrata Platy 8hale Zone
Ostrea congesta Platy Shale Zone and Lower

Secaphites ventricosus Piaty 8hale Zone and Lower

Oxytoma (Pteria) Plaxy Shale Zone, upper Lower Conectn,
nebrasecana ‘ Zone and Transiticn Zone

Baculites asper Platy Bhale Zone and Lower

Inoceramus n, spe Platy Shale Zone

53

E er Coneretion Zone and Trangition Zone

Ganeral and Specles

Vertieal Range
Baeulitas ovatus Say Upper Coneretion Zone and Transitian Zone ’
Baculites ef, ovatus ocecurs in Lower
Concretion Zone at one localitys

loxytoma (Pteria) Transition Zone
nebrasgeana - :
Liopistha undata Traﬁsition Zone

Pteria ef. linguiformis Upper Concretion Zone

Pinna sp. ' Upper Concretion Zone -~ upper part
Tancredia sp. Transition Zone )
Pholadomya SDp. Treansition Zone

Inoceramus c¢f., lund-
breckensis Upper Conoretion Zone
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Iaenera and Species =I ) Vertieal Range ‘/ﬁ

|Cymella sp. Upper Concretlon Zone and Transition
v : Z01e .
Terebratuls spe. -Upper_Cencretion.Zone - Upper part
Lingula sp. Upper'concretien Zone = Upper part
Mautilus sp. . A Upper Concretion Zone - Upper part(rare|)
|Tellina spe. , ; Transition Zone
Placantiéaras SDe Upper Concretion Zone - Upper part(rar?P

.Belly River and Younger Formations

The name Belly River formation had its original
application in the southern plains region, but was also applied
by the early workers:in the southern foothills belt te that ser-
ies of fresh-water beds ljing conformably above the Upper Benton
shale and limited by a cosl-bearing zone at the top, In the
Turner Vallé§)anﬁ Emghwaéd)areas this formatioa.measures about
1800 fest to 1900 feet in thickness. It cansists entirely of
gray and greén-gray, eea%se-anﬁ Tine-grained sandstones, and

-éark greenlsh, sanéy shales,

The goal-bearing séries at the top is plaeed in
the basal Edmonton formation. The dark shales of the coal
series are singularly merine in aspect and carry a decidedly
brackish-water fauna. These beds may represent the westward
extens ion of the Bearpaw marine shale,

The Bdmonton is in turn overlain by the Paskapoo
san&stané formation. No satisfactory measurements cf.the

thicknesses of these formations have been maée.'



~ 38 -

_ - (42)
- In the Bow river area Rutherford égterminea

the Tollowing thicknesses:- Belly River formation, maximum
thiekness of 3000 feet, and Edmonten - Paskapoo series

about 3500 feet (incomplete seetion).

| North from Bow river very few localities were
found where a measurement could be made of the beds overlying
the Upper Béntqn, until the Bléckston@ river territory was

reached, Here, a seection of Belly River and younger rocks

some 5000 feet in thickness was meaSured, the top of the Upper
Benton defining the base of the Belly Rivervfsrmafiaﬁ, |

The basal 2000 feet of beds would appear %o
correspond to the Belly River of the south, being ehiefly
massive green-gray sandstones and san&y'gréen ghales, A thiek
conglomerate was noted at many localities, about 5qolfeet above
the base, The beds above this basal series are, in genmsral,
softer, containing thin cosl seams at several horizons and
commercial seams at the topj this upper series is pfeb&bly
Edmonton in age.

The commereial seams mentioned are believed to

be equivalent to the beds mined at~séﬁnders Greek'gna-#iéinity,
and also in the Lovett, eaalsﬁur and %@reealvaraas,
Rutherfeégﬂuses the term Ssunders formstion for
all of the beds abave‘&iseuSSed, and sub+divides the formation
into Lower Saunders, Saunders Coal series, and Upper Saunders;
the middle merber, - which is feally the only recognizable
and dependable dividing line, =~ being %he commercial coal=
bearing series mentioned above.

 (54) | ‘
When Malloch mapped the Bighorn Basin, he



| applisé the term Brazeau formation o the Belly River sand-

stones; MacKay has used ﬁhe former name in his work farther
north,

, On general stratlgraphie and paleontolegie
evidem@e the Wapiti fermation of the far nsrthern foothills

is also equivalent to thevB@lly River formation,

Fauns

Fossils are very scarce in this series of beds, |

,fThe oceurrence of a brackish water fauna in the basal Edmonton

in the southern pert of the region has been noted. This in=-

eluﬁes Gorbieulang&Aand Ostrea sp. Beds eonxaining Unia 8D
oeeurihighgr in the sueccession, in the typiecally fresh-water
sandstones, |
- _An interesting eelleetien was thaiﬂ@d‘op the
ﬂ@rth'saskatehewan and Ram rivers, the stratigraphig gesitieg
being about 60 feet above the Saunders coal series, that is,
somef500 feet to 6000 feet above the top of the Upper Benton
formation,
The genera and spéeies are listed below:=
Unie cof. senectﬁs
Unio danae
Theumastus limnaeiformis tenuls (abundant)
. Goniobasis tenuicarinata
Goniobasis tenuicarinata var. nov, \
Viviparus sp.
Viviparus ﬁru&entius
Physa.cepei canadensis
Planorbus 8P« 1OV,

Hydrobia recta
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Viviparus z‘ilagé (Dy‘er‘, new)
Viviparus leai
Sphaerium sp. ,
The age indieated is either Edmonion or Pas-
kapoo but probably cleser to the latter,
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GENERAL STATEMENT

The struectural conditions which are peculiar to
the foothills belt have been produced by those same thrust
- forees, directed from the west toward the east, that caused the
great Rocky Mountains uplift, That phase of westernvﬁme;ican_
orogeny has been termed the Laramide revolution., In the
Alberta feethilis it is eviqent that_the ma jor movenments took
place in post-Paskapoo time, that is, duwring the early Tertiary,
but later than the earliest part of that period.

‘ The compressive stresses, which were imposed
upon the earth’g erust in western Alberta by those laterally
directed forces, were relieved largely within the area that
now includes the Rocky Mountains and the foothills whiech lie
immedlately to the east, As the structural cross-sections
herewith included will readily indiecate, the early workers in
the southern foothills were completely Jjustified in applying
the name "The Disturbed Belt" fo this particular structural
»previnee._ Relief of the stresses, to which the strata were
subjected, ceme through folding followed by overthrust fault-
ing. The folds are generally of the asynmetric type, with the
steeper dips in the east flanks, which are in many cases,
overturned to same degree, It can be stated, however, that
extreme overturning on a large seaie is not commonly found
in the east flanks of foothills anticlines., It would appear
that the temsile strain placed upon the east limb of any such

overturned structure was relieved by faulting long before the



fold approached the re@umbegt-sﬁate.” There was, probably,
a critical angle of overturned dip in the east flank, subject
to vﬁriation; of e¢ourse, at which overturning ceased and fault-
ing took plébe! Thelwriter would place this angle between 50°
and 60°, ' |

| Foothills folds and fault blocks constitute
very'idng; narrow, structural and topogréphic features, which
roughly parailel each éth@r and generally correspond in |
strike with the trend of the foothills belt, The abrupt
nature of the plunge on the ends of such anticlines and fault
bloeks seems to be-a>struetural‘charaeﬁeristic peculiar to
this type of folding, As stated above, faothills_antielin@s
are generally found %o be asymmgﬁfieal@ on the bgsis of surface
mapping, with the steeper dips in the cast limbs, It follows
that the axial planes of these folds would dip to the west,
In the writer's apinion;.this idea of the westward migratioﬁ
. of the anticlinal axis at depth, is not suppqr&é& by the sub-
surface date obbained in Turmer Velley field. There are very
Tew major anticlines in this region #hiqh do not axhibi?
fauitirig in the east flamks; The faults, in most cases, are
& considerable distance east of the anticlinal axes a£ the
surface, but, on the evidence of su'bsurfatce“ date, the fault
planes dip to the west at angles whieh show a wide variation
. for different faults., ’ |

That a}véry great amount of fererhQrtening of

the earth's crust hgs teken place in the foothills, through
overthrust faulting; is particularly evident from a study of
the Sheep river cross-section (Plate III).
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AREAT, STRUGTURE

South of Bow river, the chief anticlinal struet-
ures in the outer foothills are, from south to north, the
Highwood folds, Turner Valley, Bragg Cresk (Two Pine Anticline)
and the Jumpingpound anticline, fThese folds expose, in their
axiel portions, formatiozﬁranging from the Blairmore to the
Upper Benton, The Moose Mountain dome is located in the .
inner foothills, west of the Bragg Creek anticline, from Which“
1t is separated by a broad syneiinﬁ centaiﬁing Belly River I
rocks, This uplift brings to the surface a thickness of some |
2200 feebt of Paleozoic strata (Mississippian.formatien),
It is an unusual fold 1n that the east flank displays no evie
dence of faulting,

The geologic eréss~seotimns along Highwood and
Sheep rivers (PlateIII) eéxhibit the eztremely complicated
nature of the folding in these areas, and shew, also, certain
structural intarpretatimns that have been obtained through

the usge of subxgurface information., It will be observed that

' the Ffault~plane encountered by the Outwest and Weymarn wells,

on the New Black Biam@nd anticline, has a rather low average
inelination to the west, whereas the Turner Valley fault has
a deeidedly high average dip to the west., As indiecated, 1t is
belleved that the &ips gl ong such fault planes become less o
h with inereasing depth vgiving rise to the so»ealled ﬁslem@ﬁ#? 
runner" type of fault, | | ,

The latest information regarding the Turner

Valley fault comes from the log of the Sterling Pacifie well,

vhich was drilled on the greét of the anticline in the south

end of Turner Valley area. This well encountered the top of ﬂfﬁ
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the Mississippian limestone at a depth of 5009 feet, drilled
to 6500 feet in this formati@n;.then'struak gandstone beds
which have been definitely determined to belong in the Belly -
River formetion,
| | The Turner Valley fault does not extend as far
south as Eighwoed river, aecerd@ng to the_présent interpreta-
tion of outerops on that stream, In ra@t; no large faults are
in evidence in the east flank of the Highwood uplift, The
- Bragg Creek and Jumpingpound antielinss‘are known to be severe-
1y feulted, ' |
_ In the Bbw;-Ghost and Little Red Deer river

country, the outer foothills folds are severely faulted, for
the most pert, and do not expose strata older than the upper
" part of the Lower Benton, One fold, farther west, on Ghost
river brings the upper part of the Blairmore formatiom to the
surface, (Plate IM), ' |

Tawarﬁ-tha Red De@r'r;ver; a bread syneline
gontaining Belly River rocks appeargi which separates the
outer foothills folds frem an inner and more westerly line
of folding, The eastern belt in this area conbains minor
folds and fault blocks, involving Belly River and the upper
part of the Upper Bent@n formations, A fault'of‘ssme 4000
feet stratigraphic displacement occurs ab the east edge of the
inﬁef belt, where the uppermost beds of the Farnia formatiom,
dipping steeply to the west, are. in contact with the Belly
River strate which dip eastward into the broad syncline menQ
tioned above, | ' | | | |

North of Jemes river, #wo'importantfantielinal

structures arise from the inner and outer 1inés,o£if01ding,



némely; the clearwéﬁer and Brazeau range anticlines; both .
of which expose the Mississippian, and in places the Devonian,
_Aforﬁations. (Plaxé v’) v01earwater range reaches its greatest
'elevatien and magnitude, structurally and topographieally,
- just south of the Clearwater river, but plunges rapidly to
the northawest, and on South Ram_river is represented by

| nminor folds énly. Brazeéu range, hewgfer, is centinueus

for many miles to the northkwest its total 1angth being
vabout 65 miles, This range is generally feund to consist of
f twe anticlines, separated by a synelina' the eastern, or
‘autermost, antieline is tightly compressed and a fault of
»1arg@ displacement ié present fartﬁer esst, On the Saskatchewen
river this feult shows a stgatigraphie displacement of about
8000 feet, | B |

North of Clearwater river the general trend

of the foothills, that is, the strike of the stréta} swings
‘rather abruptly toward th@_weét, bacéning about N, 45°%, In
thé territory to the south, the'strike gradua;ly cha ges from

" v‘N;0° W. in the south end of the Highwood area, to N, 25° w, in

the Red Deer riwver country.
|  The reglon lying between Brazeau range and the
front range of the Rocky Mbuntains and extending fronxSeuth
‘Ram riwer to the North Saskatehewan is, broadly speaking,
synelinal, with some anticlinal folding appearing along the
w@stern.side. A major feult is present about one mile east of
the froat range. : |

North of the North Saskatchewan river and

_,approximately 10 miles wast of Brazeau range, the Bighorn

range appears,,and extends in a northawest direction for some



30 miles before the Paleozolc limestones of these mountaing
"piﬁnge under younger formations, On Blaeks%one_river,,whiéh
has cut a deep canyon through the‘Bighafn range, the'westu
dipping Paleozoic (Devenian) strata are evidently thrust upon
Upper Benton shales, indicating a fault having a stratigraphic
displaeement of some 700@_feet, The Bighorn basin, lying

west of Bighorn range, is, in general, a synclinal area, aboub
10 miles wide, bounded on the west by the graat thrust fault
Whioh lies east of the front range of the Reeky mbuntains.

The Paleozoic strata of the lrazean Range fold
plunge to the northawest beneath younger formations in the
vieinity of Nordegg river, but this line of anticlinal folding
persists, though vﬁrying}in importance, for many miles to the
northawest., In the Cardinal river country the folding again
assumes major proportions for a distance of some 10 to 15 miles
‘along this belt., It will be noted (Plate V) that an unusuval
type of minor fault is p:@séﬁt in this.area§ displaying a
tendency toward over-thrusting directed from the east %o the

west.

| Nikanassin range is similar struﬂturally and
topographiaally to Bighorn range, though it is of somewhat
.greater praportiens. It lies in general sirike alignmenz
With the Bighorn fault block, but is separated from thab
uplift by a structural safdle about 18 miles long, in whish
the ?ounger Gretaeeous beds aﬁpear. ThevBrazeau and Cerdiml

rivers flow through this sadala. The Nikanass;n fault block,

like the Bighorn, exposes “the Mississippian and Devonian form~

ations, Whleh are thrust upen the Cretaeeous strata to the

east.
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' In the outer foothills of this region, the

only fold of importanée is ﬁh@ northwestward eontinuation
of that anticline which WéSfpreviausly’noteﬁAas being an
importent feature in the Cardimal river area, On MeLeod
river, west of the mouth of MacKenzie creek, the structure
‘indieated ié_simpiy a weétbdipping fault-bléck of Lower

Benton shale, which -lies in contact with Belly River sand-

stones that form the west limb of a bfoad syneline, A general
northxwestward plunge in the whole of the outer foothills
bélt ecarries the Colorado formations below thevBelly River
formafion in the territory lying north of MeLeod river,

e In the Athabaska river country end northe-

| westward as far as this investigation was earried, the
only important folds are those which are situated immediately
east of the Rocky Mbuntains, The anticlinal strueture known
as Eolding:mcuntainvlies_in this belﬁ}gand exteﬁﬁs southward
frdm.phe'Athabaska'river. It éxpesgs thé‘upper beds of the

"mssiésippiw formation. A similar, but sharper, fold is

‘present north of Berland river, in the Cabin creek area, aﬁd_

1 the name Cabin Creek range has been applied to the‘minar

- mountain renge that formé the topographie expression of this

struetural feature,
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Looking southeast along the axis of the Cardinal anti-

-

cline, between Cardinal and Brazeau rivers., The dotted

(@1

line connects the outer rims (Belly River sandstone)
of the fold. The intervening hills are composed of

Cardium sandstone,

Extreme crumpling in the crest of an anticline on
cardinal river., The strata shown are sandstones and
the Transition zone at the top of the Upper

shales in

Benton formation,
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