BRIGHAM YOUNG UNIVERSITY RESEARCH STUDIES
Geology Series Vol. 4 No. 6 July, 1957

THE MISSISSIPPIAN SYSTEM
OF

SOUTHERN ALBERTA, CANADA

by
Howard S. Rhodes

Brigham Young University
Department of Geology
Provo, Utah

i b R R e



THE

or

SOUTHERN ALBDERTA, C A

=
~
=
=}

A Thesis
Presented to the Depariment of Geclogy

Brigham Young University

In Partial Fulfillment of the Reguirements
for the Degree of

Master of Science

b

oy

Howard S. Rhodes

July 1957

MISSISSIPPIAIUN 5 YSTEH

A



@




Peliisko TFormation « o o + o .
General Descrintion o .
Age and Covrelation . .
Petrelory and Petrography
Sedimentuation o 4 . . .
Leoncmies o o s @« « &+

Shunda Formation « « « &
Geuneral Description o .
Age and Correlstien . .
Petrology and Petrography
Sedimentation « o ¢ o &
Econcniies o+ o o o o o

Turner Valley PFormation . . .
General Description o .
Age and Correlation o .
Petrelogy and Petropraphy
Scdimcntation <« & o o
Econosics o+ o o & o o

Mount Head Formation o . . .
General Description . .
Age and Correlation . .
Petrology and Petrography
Sedimentation + o o o «
Economics o o o o o o »

vinel Mountain Fornation .
General Description o .
Age and Corvelation . .
Petreology and Petrography
Sedimentation «+ « . « .
Economics + o ¢ o s o &

Eccnonic Geology o« o = = 5 = = = o

General Stabont®lt 6 ¢ e 8 ow w

Pincher Creelk Gas-Condensate Fiel

Location & « & « & & & @
History o« ¢ o o o « o o
Stratipraply « o o « o«
FEPucture & & & w § o W
ProguetIaon o « ¢« & ¢ m #
Rescervoir Faclors and Reso

Turner Vulley Gaew-Condensate anc

Location « « o ¢ o« « &
Hi8EGPH w & 5 3 = % @ &
Straticiophy &« ¢ w & % 3
Structurc o o o o+ o
Productivil o « « = + %

Regservolir PFactors and Reaerve

-31i-

- L]
eTrVe

Istimutes

Bsticates

Oil IMi

cid

*

A

21
o

e o

eaty

24

o
[ [ Ao

]

¢l Ql

[
IR > IR B ) R

ol

b
A

[P S o 1 o I o IR o |
H=OOomm

o
¢

s
ra
il

Y

AL

(53 a8
[ IO QRS o) B o

s
o

46
46
a7
18
50
S
51




Jui, ing Pound Wet Gas Field S
LoctitdOm o o & 5 o % & % 4 5 5 = » = o w w o ¥ 8 W §
HIstory o v o v v o v e e e e e e e e e e e e . e
DEBATIEREDHE o o « » » = 5 w & % 6§ 8 58 8 5 § 5 « = o
SEEpREUTe W v w5 o o o B E B B B o e © oo oWy
Produeltivn o o« + o s % o 4 5 5 = o = 2 = v W W W W E
Reservoir Fuctors and Rescrve Estinmates e & s « e o

Sundre-Westwarc Ho-Harmattan-LElliton Ficlds e s e 4 e .
location « o o % % ¢« % & @ 56 & 5 & o & v o e @
History o o o ¢ o o o o o 4 o o o o o s o o s o o 4
Stratigrashy o o o o 6 v 0 v d v e e e e e e e
Structure « o . 4 0 0 v e e e e e e e e . 4+ .
Prodoetion « « w o+ % o % & & @ § & % o = « ¢ % oW s @
Reservoir Factors and Reserve Estimates w % 8 & W

acrac e agaaao o,
ORI GG I3

Minor and/or Undeveloped Mississippian 0il and Gas Fields
in Scutiiern ALBCIta o s o o o o « o o o o o o o . . .
BEL Bomita UL Phodd 4 o 5 5 o % & 5 % 6 6 & = o « o
Spring Coulee 011 Field 4 o 4 & = « o o o o« « « o &
South Princess O0il Ficld v v v v v v o o v o o o . W
Savanna Creel Gas Field o v v 4 v 4 v o o o v 0 v W

S |
Lis i el

&

(o W2 R
NeNe

C(}ﬂcl:‘_lsion - * . - . - * - . . ® » ° . . - - . . » . . . . ° -

ay
Lo

[
LN

Eibliograjihy & * & & @& e+ & & P = B s s s w e s 8 e e s s+ e e @

~1ii-




Figurc

Figure

Figure

Figure

Figure

Fipgure

Plate

Plate

Plate

Plate

Pl.te

II1.

I1I.

Iv.

LIST OF ILLUSTRATIONS

Photograph of Exshaw Shale, Palliser
Limestone Contact (Mississippian-Devonian
Contaet) « » v ©  © ¢« » 5 @ # % ® ¢ W & §F & @

Photograph of a Concretien From the HEishaw
Formation o+ o v+ ¢ & o« o o o % & o s o « s »

Fhotograph of Mount Rundle Showing
Fernation Contacts o« o ¢ o o s o o o o o o o

Photograph of Livingstone Formation on
Tunnel Mountaln + o o« o « o« o & o « = o & o =

Photograph of Mount Hcad Formation at lead
of Storm Creclk o & « 5 & o % & ¥ & &« & & & » =

Photograph of Porous Dolomite in Mount llcad
Formation ot Moose Mountain o+ « « o & &« &« & &

Stratigra - hic Chart of Mississiprian System
in Southern Alberta o+ o o ¢ & o &« o o o o .

Column:.r Scction Showing Facies Chinpge Between
Livingstone and Peldisko, Shunda, and Turner
Vi llcy Fol"ﬁ'iiit iOnS e e = & % & ¥ s = 8 * ® s s

Electric Lo and Columnar Scction of Mississip

subsurface Scction o o « o o o 2 2 4 4 . . e e
East-West Stratigrarhic Cross-Section o+ o o

Mississippian Isopachous Map « & « ¢ ¢ & &« &

e

o 3
L . 9
. . 17
. 17
. e 35
- 39
- L 6
- 20

¢ & 22
. . "1‘ 2
Inside
Dacle
Cover.,

J

————




ACKNOWLEDGMENTS

The writer acknowledges the help of Merrill Petrolecums
Linmited in financial assistance anc¢ the liberal use of tireir
facilities in making this study,

The assistance of the Taculty of the Devartment of Geolozy of
Brigham Young University is appreciatced. Specicl thanks are
extended to Drs. G. H, Hanscn, K. C. Bulloclk, ard I, J. Bissell for
their suggestions in the preparation of the manuscript; to Dr. L. F.
Hintze for his suggestions on construction of the isopachous map;
to Professor J. R. Bushman for his guidance and help in laboritory
investigation; and to Dr. J. K. Rigby for suggesticns on
illustrations,

The writer also acknowledges the aszistance of Messrs. A. A,
Arneson, W. H. Slaght, and D. W, Pilling in making field studies;
to Messrs. 8. D, Williams and L. F. Kapuit for suggestions and help
in drafting; and to Mrs, Dorothy Rutherford and Miss Yvonne Harney
for typing the manuscript.

The writer gratefully hcknowledges the patience and

Understanding of his family while making this study.

—V-.




The thesis arca covers Southern Alberta from township 34 south
to the International Boundary.

The Mississippian syztem of Southern Alberta consists of rocks
of the Kinderhooliian, Osagean, Meramecian and Chesterian scries,

The Mississippian system thins from west to east, in part duc
to depositional factors and in part to post-Mississippian erosion.
On the western side of the thesis arca the rocks aggregate 4150
feet in thickness, thinning to a feather edge toward the northeast
corner of the area.

The type of sedimentation responsible for the Mississippian
rocks suggests they were deposited in the neritic zone of the
Corcdilleran miogeosyncline.,

Economically, the Mississippian rocks arc imvortant producers
of 0il and gas, most of vhich is found in the Turncr Valley

formation and is associated with dolomitc.
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INTRODUCTION

GENERAL STATIMENT

The Mississippian system in Southern Alberta ranges in
thicliness from zero at its trumcuted edge to ilSO foet.
Kinderhoolian to Chesterian serics arc represented The thicliest
sequence of rocks is locuted on the extrenme \catcrn side of the
thesis area. Eastward the systoem becomes prog ressively tl:inner,
part of which is due to cdepositional factors, and part to
post-lississippian erosion.

The rocks are ehiefly carbon te, Lut clastic and eveporite i
roelzs are alse found., The clastic roeclis are confined to the upper
and lowermost beds, whereas the evaporites are found only in the ,
upper beds. i

0il and patural gas arc of prime importance cconomically in
the Mississippian rocks of Southern Alboerta. These are croduced
from the Banff, Pekisko, Turner Valley, and Mount lcacd formutions.

However, the Turncr Valley formation is by far the largest ]
producer of both oil anc natural gas in the arca. Producticon frem I

this formation accounts for nerhaps 98% of all oil and natural gas
cither being produced or capable of being preduced from reserveirs
in Mississippian rocks in Southern Alberte at the p resent tilme.

LOCATICHN

The area covered by this study includes the southern end of
the Province of Alberta. It is bounded on the south by the Un to
States - Canadian International Boundary, on the cust by the Alberta -
Saslkatchewan Provineinl Dorder, and on the vott by the Alberta -
Dritish Columbia Provincial Border. e northern boundary 1is at
townshin 94.

PRIEVIOUS WORK

The first verk by a geologist in Sout:ern Alberta was
1858 by Jomes Heetor, geologist under Captain John Palliscr.
Palliser huad been commissiined by the Dritish Governo
surveys of the Dow Valley and adjacent arcas. Inclu\ou £14
surveys was the first pecloglcal dita copcerning the penerw

utructure of tlie sountains and reports on the major rock systouse.

G. M. Dawson and is assistont R. C. HeConnell conducated a
ccolopicul survey of the Southern Alberta plai s Letween 1001 and
1882,




awson (1886) was the first to construct a re
map ol the South rn Canadian Roeliics,
MeConnell (1£86, 1C087%) iaade a couprehensive study of the
stratigraphy and ut“ucturc of the southiern portion of the Canadian
Rocliies. It was e wio firet prososed the terin Banff foriulion
vhiich included roclic that runge in age from Unper Devonian to
Triassic.

1
!

Dowling (1907) in reporting on the Cascade coul basin discusscd

the Mississinpian stratijraphy.

{indle c¢ivicded the HMissi :;i;cm Imbo

Kindle (1034) ed the I to tw
fornations, the upper being culled the Rundle limestone, and the
lower the Banf{f shale.

Shimer (1£06) was the first to attempt a detailed fauncl and
stratigraphic study on the Mississippian system in the Canadian
Rocliies. His study wis mude near Lalie Hivnewanka geven miles
northeast of the town of Banif.

Ny

Warren (1227%) rew tinsr on the ;oolc;‘“,' of the Banff arca nivos
a detailed deseris tlm. of iy and paleontolory ol the

Mississippian systems. Later he (l('uu) diS‘L.useQ the Gcolo"' eif tile
Crowsnest pass, and gove an account of thie Mississipian rocks,

t
mentioning their likeness to the roclic of the B.nff area.

i,

Woerren (1037) subdivided the Dinff Tormaatiar, as propused by
Kincle (_L‘)"”), into two Yormatiens: the lower divigien was tooged
the Exshaw formation, and the upper the Boinff foruation,

Linlz and licore (1€34) ¢ stratiarsphy
in the subsurface at Turncr Ll paner
on the structure of this ficld,

Home (19050
structure of the

d 1039) deserilbied the subatirfuce stralisPaphy and
isgigsippian rocks iiv Turner Valley

Maclzenzie (1940 ) gave a cetailed acopunt of the phyasical on
chemicnl properties of the Mississi o pian reservolr secls in the
Turncr Valley goas and oil ficla, le «lso prezsented & cleur account
of the sub-divigion and distributiuvn of these rechs within the ficid,

Goodman (19453) u a study of the pature and cause of norvosity
in the roservoir L‘ocls at the Turier Valley gas and oll field,

H. . Beach delivered a tall: Bofore the Scecdioety

Geolopists of Alberia in 194%. In this talls

Rundle formation be subdivided inte three menb:
order they arce Tunnel Nountain meoboer, Shunca memboer, aad the n

nicnber.,
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Douglas (1633 ropesed the Rundle Le raised to greuy status
and subdivided into two formuticns. Ile numed tihe upiper the Meunt
lleac foruticn and the lower, Livingatene formution. The Mount Iead
formation is further divided inteo iy members :nd the Livingstone
fermaticn inte tvo.

Raaseh (1054) nmade a study of the Carboniferous section at
Highwood Pass and eorrelated it with the type seetions at Banff and
Mount lead. This study is of value lLececause of the comparison mode
between the fossils cellected here with thoce fron: the Migsissippian
tye section in the Upver Missis sip:i Valley.,

~

Crieclmuay (1955) wmade a re-study of the Lalie Minnowaula ares
(vrevi usly studied by Shimer) and szave supplementary deseristicns
to tie original palcontology. He also named three new specica of
corals,

Penner, before o groups of thie Alberta Society of Petrolewn
Geologists in 1955, proposed thie name Ellton menlLer for the
"Crystalline Zone' and "Lower Porous Zone" of +he Turner VYoalley
formation.

(o)

1 dan system in Southern Alberts include Moore (19 31), Beal
» Gallup (1951), and Erdman, ct. al. (1055).

ther geologists contributing to the prowsent hnowledpe of the
s

o,
~

e of the oil and ras fiolﬂn nroducing, or

s

With the excenti
cupai.le of producing, fris roclhs of Missis SSip: §
resorts and articles are aliost e luntvrely 'd to the study of
the roclks wnd fossils in out ro: sections. Very 1ittle hos been
written ahbout suberors of th Hississippian wooten of Soutirern
AlLierta,

TG, the abouve

.C
sl

PRESINT WORK

The prevent worli is an atiem pt to pive a Lread, genercl picture
of the Mississipuian syetem in bouu&crn Alberta. A digeussion of
the lithelesy, distribution an: econoviic ossibiiitiesn of each
foruution is wresented.

The ficld work wus started n the spring of 1956 and eonij:leted
a yvear later,

The study wos divided inte five partse

1

2) subsurfaece irvestigation
tization

4) interpretation ind illustration of acquired dota

5

e S R

)
)
3) laborutery inves
)
)

ccononmic geologsy
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Field Worl

Field werli censisted of a study of various stratipgraphic
gections throughout the foothills &« weuntauins of Southern AllLertas
The type scction for the Rundie group, Banfif formaticn, and Exshaw
formation were studied and used as a ey to corrvelation. The
fornations were identificd by their roelotive siratigro hic vositions
and a comparison ol the litholozie characteristics vith those of the
tyre scetions., All stratijraphiec measurenents were ade with a stecl
tape and Drunton comnass.

Field studies were condueted iz the following aiear
Mount Rundle, Tunnel MNMountain, BExshow,

Heunt e (Storm Creel:) Moose Mountain,
and Crowsnest Pass. (Index map p. vii),

Subsurface Investiootion

9]

Subsurfzee investigaticn consisted of the study of 472
electrical and radicactive logs. The eleeirical and radicactive

lo.n were checlked uu;':'*;:st ey otrudigyephie lops
frem oil well cuttings chosen from wells thet
placed because of the completeness of seetional
pesition., This supplerentiry matoerial was mosd
with preblems of corroLiﬂn ang Tegiion

Laboratory Investis:

Work in the 1
in sectiins, inscel

tory invelved the
uble residue otudien

tl

9 a

Internretatiin and Illustrotion

gt $he isnfofmution 03th iued Trop the cbeove studies an
isopachous man of the Migsissi
over the isonachous moap 1Is & nma

sten was nade.  Super-iupesed
y gaowing the wowsition of the
truncatled edges und distribution of the vorisus Mississippian
fornaticns. (plate V inside buek cover)

e
e
\‘i

Piotograshs illustrating the variocus formations, their relative
z z 9
thickrnoess and centoc

Otdter 1)lustrati.
of the Mississivpian
facies change in the )
eleetrical loy wnd strotigrasiic

the




The dota obtuined fron the field and falorat.ry studies wa
1

also used to determine the wilooteetonics, and tie depositional
& 9 i

=5

environments under which the scdiments were denositeds

Leonomice Geolony

A study wos made of the hiiodory straticrapiy, stiructure
o PO 14 L o9

.P-J'
n
0
e

reservoir charuscteristics ol each of the major Miss
and gas ficlds within the thesis arca. The winor M
and gas lields wre discussed in uore general terms.
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STRATIGRAPILY

GENERAL STATENENT

Rocks of the Mississin dlan systenm cee found throughout the
arca with the exception of the northeast corner. They crep out in
the Rocky Mountains and in nart of the feoothills Lelt cast of the
mountains., In the plains they are prescent in the subsurface and
can Le studied from well cutting samples, corces and electrical logs

The lississiprian system is everywhere unconformally in contact
with rocks of the Devonian system Lelow, and unconformably overlain
by roclis of the Permian, Triassic, Jurassic, and Cretaceous systens.

After the final emergence of the land :ass following the
withdrawal of the Chesterion seas the Mississi nian reclis laid
xrosed until Permiaen times vhen the wes crn port of the arcea was

once nore inundated. he castern nort of the thesis area remained
positive until the Cretaccous neriod. During the interval of time
when the crea was positive, the surface was subjected to ecrosion that

cut deep channels and removed encrmous quantitics of rock. Inasmuch
as the ecastern half of the arca remained positive longer than the
western halfy it is characterized by a mueh thinner section.,

Througheut the thesis, the writer las used the term post-
i erosion in refoerring tr.) the erosion thet Look plice

between thc time the Migsissiipion roclis emerged Trem the sea until
they were once again inunc tated.

At the present {tire there is !
of tihe Exshaw cnd Tunnel Mountain for
be discusged with the resrective o

mestion about the cxact age
ifirese problens will

IXSIAW FPCIMIATICN

Gengral Deseription

The Bxshaw fermation wias named by Wearren (1807, pe 456) for an
outere» of bluck the base of the Danfi formaticn and
the ten of the Pulliser ferinction.

The tyee seetion is en Jurs Creel appreximateld
northeast of the town of Exshaw on the Col gary=Danf{ Lidghvag

Py c,4

o
—_— e
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The formaticn is canmosed of hlacl: fivpile, non~calcarcous
rritic shiles. IHard black concretions ave found in the shale and ore

more abundant near the buse of the Torm aliun,

In tout arcas threughout the mountaing the cuterors of the
Exghaw Tormetion arve poorly cxposed.  iowever, wvierever it won
observed, Loth in outecrons and well cuttings, it was found to be
remaricab ly horogencous.

The contact between the Exshaw shale and the uncerliying Pulliser
limest ne can Le deserilbed as a I-ui: je-erge eontaet, (e Fipure
Ler 1). In the pust a great deal of discussion has talien luce
as to whether this contact is conformeble or not., The writer
ieves it to be unconformalle for the following reasons:

8
=
ol

'!

(1) the uppermost surfice of he Palliscer limestone
is highly silicified, (2) a thin depouit of send is
present at the boge ol‘ the E:CE;.hn" shale, (3) the
surface of the Puiliser is corewhat nitted, and {4) the
abrupt change ir lithologry.
he upper coniact arpears to Le conforualile with the Bonff

formation.

Clark (1954, p. 40) : sugrests ineluding the basal 3¢ feet of
the Dinff formation with LJC I'_.}“"mm formaticn thus siving the latter
a S,—u-.le and a limestone member, His reason for coing sc is based on
paicontology. e collected Tornoceras cf, T. (T.) uniangular Conrad
in a limestene band two feet above tho sicle.

The thickness of the Exshaw formation at the tysre section is T1
feet. At Mount Rundle it is the same. In the soutiern end of the
arca ut Crowsnest Pass, DeWit and iicLaren (1850, 5. 62) reported 44
feet. dJust north of the northorn end of the ares, Stevenson (125G,
Pe 1846} repovts bLetween 120 and 15C feet of Fa wiw shale in the
Sunwapta Pass. In the sulsurfice scetions under the - laing the

3]
thicliness averages between five wnd 15 {eet.

The Exshaw formation is uore widely distrilbuted over the arvea
than any other Mississi, . cian forvation. It iy present thrunshouvt
the area with the exception of the northeasitern seetlou where 1t has

been removed Ly post=Misuiscivpion crosion.

Dorden (1956, p. 9) states 6 the naie Exshaw formation shewld
be restricted to the Roclyy Mountsins an. the degper part of |
Alberta busin. The blaek sihnle Pefevrerl te as FPeoshaw the
pPlains he Lelieves to b Tiom S Dashdne 2B
meuntoins, and to bo sep. rone At Dyoan uisoh§i

evidence is baged on Lhe faet L4 conadonyvs are ot Lound in the

€ Wl il 4:;.5‘1‘

"true” Exshaw shale, huat ore foumd in 4

in the Exshaw "type" shale overlying the true

S S ——



4 Fig. 2 Concretion from the Exshaw Formation
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Age and Correlation

The DExshaw fermutiovn is sparsely feossiliferous, but whore
Tossils have been colleeted they do i 1y determintie the
ages  Originally Warren (1937, p. 45 t a Devounian ape, but
the ecurrent gencral census of eccinio I 3

te favor a Migsissipplan

anc.
Warren (1937, p. 453) made the folloving collection:

(Tornoceras) ef. T. (T.) uniangilarce {Conrad)

Linpulr cf. nelie Ilall
Crcloceras site

Al oiisma 7

Protolkionoceras?

DeWit and MeLaren (1950, p. 11) made the following collection:

-

(Ternoceras) cf. T. (Z,) uniansulare {Conrad)

Allorisma

Proctid trilobite fragucnts

In conclusion the fessil evidence for dating the Exshaw
formation is not conclusive. However, hecause of its unconforuuble
contact with roclis of Upper Devonion ape below, and cenforaable
contuect with the Dunff formation above, the writer belicves the
Exshaw shale to be of Kinderhooliian age.

Petrology and Petrogsraphy

The Exsinaw shale varics in color between jet black and dark
brownish-blaclk on fresh surfaces, It weathers a dull blacl which is
in part rusty. The rust colored weathered surface is more pronounced
near the hase of the formaticn where the shele has a higher content
of Dyrité,

he prain siue appears t out
area being made up of clay sizmed particles. In e scetions there

is a very minor amcunt of Tive

The bLeddin nin and vniforn vwhore observed. In sose

g t ¢ :
the Dbedding apnewsrs to Lo ceveral ipchies thiek, Lut closer obaoer
1 t 1

o
[ty
.
ik

sy
shows it to

: ; 1y bedded laminae of shale weathiering wore
massively than the shale abiove and below,

[
&)

e b 2l

o

he formation is nmaue ur of petroliflcrous
nodules of ealcareous mudstene (see Ficure nun

ser Z) and fine pyrite

ot

erystals in the lower half., The nodules vary in size between 4 ond




8 inches in diameter. Inselul run on the nedulces showed
them to contain only four b C;l\ﬂﬂ1ht0. FlCl(i
observations would Lfeud one to Lelicve the galeiun carbonate content
much hizher becauie of the rarid response to acid.

Sedirentation

It is mogst cifficult to visualise the sedimentury agents
responsible for the depositicn of such a uniformly thin formation
covering such a vest arca without faecices changes. Dorden (1956,
pe 0) sugpests a transgressive sea advancing ever an areca covered
with Llaclt so0il weuld rework the soil and re-denosit it cover a vist
arca in & more or lesg unifors thiclinesu.

Fuiler (1936, p. 24) suggests that the Exshaw equivalent shale
in Saskatclicwan was deposited from the rowveried clays, silts, and

1 N

evaperites of large swomps left behind fron the retregressive
Devenian scas.
Lconcuics

No cconcmie value is placed on the BExshow formatioen at the
present tiuic,

BANFF TFORMATION

General Desceristion

:lied to a seguence
eConnell (1887, p.

Banfii shale to i of
the striatipranhie position below

The nape Banffl was first
Devonian to Triassie in e b

{1p24, pe 128) restricted
he I.ihmglh» ippian systen o
the Rundle 1inogtonen

end of Mount
a photograph of

The type section is lecoted on tlie
Rundle ip Danff Nat! nal Porh. Figure
the ty:e secltion lookiing coutheast.

he Denff formaticn econ be divided dnte two memboers on the
basis of lithology.

The lower menber is wore clasiiec than the uppoer membar. It is
comppsed of shale, siltsteope snd five grained samdstone. O the
eagstory side of the fthesis area 1E me i 5 oo well Jdevelone
Porons salstene wiiel 45 velerped tae & 2 sl M This
gand is fest devedopsd Lh e sarthesngt and 1 e ged
the thesis aren and becomes lewss well Jdew flie Ty (i




gouthwest. Ii is not

4

mountaing il is represo

il area. I the

The upper memn snoned of a
and culcareous she- g itions,
Clean limestone, s shale, and dolawite are also found in
various aumcunis. The livest ne for the moot part is ciineidale.

Lty limestone

Woag Jdaenesl e

In some wells limestone and dolomite lentils that clo“ely
rescishlied reefs were oLnerved. The o -cclions wore

foessrlifereus
with uryovzoa, ecrinecid plates, and brachiencds. Some of the lentils
are por ous whereas othiers ure non=-poruus. The Princess oil and gas
ficld is a good example of a clean porous lime - tone merber that is
capable of liydrocarbon producticn. Here the monber is 305 feet
thiclis The upper 125 feet is composed of licht brown 1o wiri oy
coarse crystailine, doloinitic, nercur., cherty, fossilifercus
limestone., The louwor f-‘ccti- n is 184 fe=t thicl and is comncacd of
L‘:a:*l: gray, dense, argillaceous, cherty limest: ne becoming lesns

cherty and argilleceous in the lower half. The basal <90 fect is
.511;;;1tly gilty.

The Banff foru.tion lice ‘.'.-'i't:l cordormity on the Exshaw
formation and is eovnformealhly ove *‘-l;.'ir.- ., the Livingstorne forartion

in the mountains and by the Pc shho fornation in the feothills and
plaing.

Hidn is
fect,

The contact Letween the Banfi and L'f"fn,‘,;;t-‘,-i.‘o
gradational ever an interval of between twenty and
This coptoet is easily observed ir outeiromn
a point where the buff to lrown weathered
dolorfite) of the Banff formatien gives wuy to the

4
i

o
crineidal limestone of the Livingst ne formatis

SCCLIUn:
1ty limesnt (or

e

Beach (1945, p. 2C) states th ot at
Mountain and Mosley nreas eviderce of o
discordunce Letween the Banff formation
He attributes this to locwl warping of
the depogiticn of the overlying struta

2

In the suisurface the contact etween the Donff and Peldiisko
formations is not alwn arent . In some nlaces there is a thin
§ilt band thot is used as a marier %o zeparate the two formutions,
Where this is absent or not recognied, the Loy of the Banff
formation is placed ot the Tirs! occurrence of durls oyos aroillaceous
linestone or dark gray calcarcous shale,
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Criglamay (1233, chert 3) e the folluvwi
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LIVINGSTCNE FORMATICN
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yerpal Dencripiion

The Livingstone Tormation wes named by Dotiglas (1835, p. 68)
r the lower forawition of the Rundle preus in th Mount lead Xup

Inasihuch ug the above mentic
accceunt of a rejport in course of
not miven., The location of the 'tj-"'e

[}

of the litholoprsy w1ll undoubted?

Thiro un-'wout the mountuinsg of Southern Alberia the Livingstone
t:Lch is essily Jdistimguished wiiorevaer it oS out.e T ois
jir i 13 A i ribhon of liieztone

imestone of the Banffl

e sreen, red and blaelk
he upper part of the I'orr-z..t:'.(.n

in gune areias throushout the mountains,

15 dolomitiszed ond i
czed of limestone and is non—porous.

In other plaeecs it

Figzure number 4 is a photeorranh of the Livingstone formation on
Tunnell I'*IOLJZJLL‘AL;‘ an seen Lrom g fcot of Meunt Ruidle. The dark
bads ; i L represent thin-hedded liwestoney the
li;;f:'i, o pedded Timestone.
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Fig. 4 Livingstone Formation on Tunnel Mountain
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formauti n thit correl tes with the Turner Valles formaticn to the
east.

The feriealicn as a wheole is Licelestic., At Tunnel Mountain,
the erincioal Veds make up 74.6% of the roeclas, SV noonera,
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The Pekisko formation is distributed over the eniire area with
the exception of the noritheast corner, where it has been removed by
post-Mississippian ercosion, and the extreme western edge, where the
Pekisko formation has undergone a facies change.,

Age and Corvelation

+

The Pekisko formation correlates with the base of the Livingstone
formation on the western edge of the arca. It also correlates with
the Missicn Canyon formation in the Williston Basin.

Because of its stratigraphic position and correlaticn with the

above mentioned formations the Peliicko formation is congsidered to he
Osagean 1in age,

Petrolesy and Petrorranhy

The colors of the Pekigke rocks are tan, buff, bLrown, grayv, and
dark pray on the west gide and center of the area. On the east and
south sides they are light buff, tan, white an i

-

The texture varies hetween Tine and medium grained on the west
and in the center of the srea. On the east and south the texture
varics between fine and coarse. The coarscr textured rocks are
re-crystellized limestone.

The rocks on the west side and in the center are fragmental and
colitic; on the cast and south sides they are more erystalline.

of limestone, dolomitic limestone,

The Pekigl
1 stone, challk, argillacecous chall

argillaceous
and chert,

lacks porosity; however
rosity is lecally

on. the cast and south sides of the ar
developed.

For the most part the Pekisko formation
} e o

Sedimentaticn

on was deposited over a platform that
the Williston Basin. Over the

ow, which resulted
tone, argillaceocus and

5 - £ 41
530 01 tLiae
o
e

in the deporition of ooljﬁé;, fragmental limes
¥y limestone and chert., On the Willist

B form (ecast) and the south end, the water was deeper and cleaner
Whiech 1e,u_tga in tho ion of clean crystalline limestone.
The clean cr cone of the Livingstone formation was
fHeporsited in aters west of the Pekisko platforu.
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SHUNDA FORMATION

General Descristion

e name Shunda wes proposed by H, I, Besch in 1347 iefore a
protn of geolopists of the allerts Gociety of Petreoleum Geelopluts.
He used the torw Tor the middel nmenler of threc neuiers into wideh

Le hid Civided the Rundle lisestone. However, it is not clear te
the wriior mow rueh of the Runile Lizestoue this coverced.

Goliup (195G, . C£) used tie toern Shanda for ihe widdle wenier
of +he Rundcle linestore in the Turnos Valley ficld. Inasmueh oo
tin wn bo where in the peeli ;

¥ )
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there is gune fHuestien

liews, the dpda dn I in ey
it was prewoscd ond usc
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At Jumping Pound gas licld the Shunds foria Biewn iwm approxjudtely
220 Teet thick and is litholegicully conposed of brown to darlk gray,
densze, argillaceovus, wnd 2ilty int.orboedded dolomite with :
greenich gray shale ano gtringers of siltstonc., Some anhvdrite is
U5 it ay e e

In Turher Valley oil and san ficld the Shunda forsation is
approximetely Z5C feet thick and is mode ur of durle Lrown to doark
Erey, dense to very fine crystalline, arnillaecolis, anbg:
caerty, =ilty and srgilloccous !imestone and dolomite with
dolouiitic siltutone.

At the Pincher Crecli gus field the full secticn of the Shunda
Tormation has not been pene rated, however tuc ug per port is
composed of gray to brown, fine to coarse o y Tragmental,
avardrite, cherty limestene and colemite with +hin interbeds of
Llack shale.

In the extreme southern pert of the sren, ut Del Bon ita, the
Shunca is approxinately 2C0 feet thieclk., lw hries (1935, p. 191)
states thet this sene is compored of light griy to crean, coarse
crystalline, silty Jdolomite; und light groy to eream, dernse to fine
rystallipe limestone, frasraital in pavt , i argillacecus wnd

2T R rve . ma M Tee
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e Shaida Toruation cenlomauliy overlies the Dekisice Tormuution,
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The Shuuda Torisation ped fn the eustern foothills
st adjoeent plaing dn s#he " the eres Decoming legs
well develoved to obscurc i

dge and Correlaticn

(]

he 19535 Carbiuniferous Committee of the Alberta Socicety o
Petrolewn Geologists prevosed un Csagean age for the Shunda
formstion,

The Shunda ferun.tion correlutes with the cenior zection of the
Li’.fii,i__stovc Toine e in the mountains to the went, ¢ vith the
cenver secticn of tie Mission anron fornat on of the Williston
Basin,

The colors of the curboenste rocks are Lrpown, ton, eream, sray,
and greenizsh gray. The shale is L7

greenish gruy. The sitstone um,! .‘,..aa:;t&.ne are wiite, ndale orcen to
greenish gray. The choert ig brown, pray to dark 'L;z,":‘y. The
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The texture of tho roclhis raifcn Tiws ¢ wtiedes in

tie shale te ceourse grained limestoies end The texture

of the carbenate rocks ig Tron Tine to conrse however nust
of the rocks kve textires between fine vnd mei o orained, vhieh

Yor tho wost part ure Lenso. The CoETBEE 81s pve begbwron
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LN dense.
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edges This weuld suggest ¢ sitrand line net too faur esst of the
present castern limits of the formation.
Econonics
HE TG e
The Shunde forzation « good ¢il or sho
rduervieiy cheracteristics. Z i ¢ weils
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TURNER VALLEY FORMATICH
General Descrirticn
il, . Deach the first to prenc.e the nome Tum Toy
member in an aLHL_l ciec address Lefore thic Alberta Socicely of
Petraoleun Geol wheg in I947+" The seeticn was designated as
the Mississi ian reservoir roeliz in t Terney Vailey sas anmd oil
Tield,
The Turner Valley membor was raiged to m ostatus by the
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to light Luff, dense to course erystalline, silty dolowiitic, cherty
and chalky, nen-porous lircstone, with striiccrs of greenish gray
waxy plauconitic shale,

I'rom the forcgoing cast-wesnt sectin from Junping Pound to
Mobil Calgury Ne. 36-10 the lateral variation of chan;e from dolomite
to limeotrne within the Elliton membor is evident, ulso the chunge in
grain size wnd quantity of clustic sedinments was noticeable
inciciting the approach of a shore line to the eaut,

At Turner Valley the Turncr Villey formution is approximately
500 feet thick. The Upper Porous member is Letween 80 and 1066 feet
thick, lithologicully ecorniouncd of wiite to brown, dense to wmedium
crystalline, slightly argillaceous in part, vug .y dolomite. e
Middle Densc member is 60 fect thick and is made ur of denge, cherty,
calcareous coloumite. The Ellkton member is 180 feet thick and grades
between white, fine to courie crystalline, non-porous limestone and
white to brown, fine to medium erystulline, vugpy dolomite. Within
the Turner Vulley gus and o0il field the Elitton memboer chulisey

vertically und horinontsxlly frow dolomite to linestone.

In the vell Barnsdale Willson No. 1, loested in Lgsd. 14, section
6, townghip 17, runge 55, wosut of the 4th meridian, (30 miles cuct
of the south end of Turner Villey o0il und =os field) the Turner
Valley formotion is 3uG feet thiek. In tiis well wt leust part of
the Unper Porous memb r hag been roneved by rost-Mississippian
crosion. The rest of the Turnur Valley foriwmtion is commesed of
light gray, tan, white and light broun, cherty, sucrosic to courze
crystaliine dolomite with tr ces of vu gy soresity near the to:.
This seceticen cannot bLie divided into mermbers on the bosis of
litholegy.

i

L b
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In the lincher Creck gas ficld the Turner Valley formutioes is
<GG feet thick. The Usper Porous menlor is 12C feot thieck and is
cemposed of tun to lijht Lrown, fine to wediun crystalline inestone,
with thir stringers of denue delonite. Intergranulup vososity is
resent in the coarser cryotalline dolomit: . The Middle Denso

aber is less than SC feet thiick anc is comrosed of firoe erystalline,
cileareous, silty, avgillaeccors and cherty dolomite. The Ell.ton
nenber is between 033 feet and 165 feet lithiologically
cunposed of tan to brown, coarse erystall: Frogomental limesicne
shtert edded with fipe to mediun erystuliine, calenresus (olouite.

Porosity is develored in the dolonitc.

A6 the vell veote

1 Blood Foe 17-9 located in Leo. 9, scetion
17, townshin 3, ran X i

7
west of the 4th rericiun (23 wiles cast of

i}

-

sy 21
P
A

bl
the Fivchur Creek pag ficld) the Twiner Viilley formaticon is 200 feet
thickk. The Upper Porous : Do An 't Leen removed Ly post-

e i

Mississipian ercsion and cannot lLe differentiacted frum bhe Middle
Dense member. These members torethor cre 125 feet thicl, They are
comj.osed of buff to gray »uff, dense to very fine rystalline,




-01l-

cherty, slightly wrgilliaceous and silty delomite, The Elkton
menber is 155 feet thick and is composed of lizht usray to buff, {ine
to medium crystalline dolomite grading to Jolomitic limestone.

In the scuth end of the thesis o ca the well, Mobil 0il Willson

No., 32-12 located in Lsd. 12, scetien 22, townshi, ¥, range 20, west
of the 4th meridian, is —roducing eil Lrum the Lilcton ncular. At

this loention the Turncr Viiley fo: hws hoen ereded ramcving
all but 75 feet of the Elkton memboer which is composed of light gray
to lizht tan, coarse crystailine vuggy dolomites

The Turner Viiley formation is restricted to the castern
Toothills and the western third of the plains. It conformably
overiics the Shunda formoticn and iz conformally overlain Ly the
Mount ilead formetion in the sest, and unconformally overlain by
Jurassic rocks south of townshipy 21 and Cretacecus rocks north of
townshiy 1.

Age and Correlaticn

The Turncr Valley formation is Osagcan in aje and corrclates
with the urper third of ihe Livingstone formotion in the mountains
to the west. It also corrclates with the lower half of the DeBolt
formation of Northeastern British Columbia and Northwestern Alberta,
with the Upper Mission Canyon formation of Montana and the Willist.n
Basin.

he Turner Val!ley form.ticn occupices the same stratigrapiic

position as the Keokirlk lime.tone inm the Hid-Continent area and the
Mississippian type scction in the Upper Mississippi Valley.

Petrology and Petrography

The colors of the ree ave whitey Jight buff, buff, tan, Iight
Lrovn, brown, cream and light gray.

The texture ranges frow aphapitie in the Middle Dense masber Lo
coarse crystalline in the Upper Porous and Elliton menbors. However,
the textur-e within the Upper Porous and Ellzton membcrs for the nost
part ranges in size between fine and mediumm crystalline.

Litholopically the Turner Valley formaticn is composed of
lincstone, dolamite,; and silty, u;\l¢JﬂCCOl s Aaphvdritie, chexrty
limestone and Jdolowmite. In the Ellton memior the entire scctr_cn
might be composzed of either limewmtone or Jdolomite, or o combinaticn
of the two. When bLeth are present the limestune is always found
ionms te Lhis are found onl
estone. Wilhin the Ellkton member
ce of the dolomite,

overlying the dolowite., Execy:
heoas of delosdite witian thy lim
limestene thickens at the eup




Insoluble residucs show the composition of silt within the
Elkton member varies from none to as high as 31%. The highest
percentage of silt wus found within the Westward Ho o0il field. The
silt is composed of angulir quartz grains and cuhedral crystals of
quartz ranging in size between 1/8 mm and 1/16 mm.

The porosity within the Turner Valley formation is associated
with dolomitization. With the exception of fractures the writer has
not observed porosity in the limestone. The porosity is both
intergranular and vuggy. Porosity observed in thin sections ranged
between 7% and 10%. DMacKenzie (1940, p. 1634) states that the
porosity within the Turner Valley o0il and gas field ranges between
1% and 20% with an average of 10%.

The vugs measured in thin sections varied between 1/8 mm and
1 mm in diameter and were almost without exception lined with a
black dead-o0il residue.

Sedimentation

he Turncr Vualley formaticn appears to have been deposited on a
stable shelf that was subsiding at a slow even rate.

The relationship between the dolomite and limestone is very
intercsting, but difficult to explain. he writer has not, as yet,
found a satisfactory solution to the problem. Rigby~ suggests that
the dolomitic sectiorns might be the results of wave action and
currents winnowing limestone debris. The winnowing would remove the
fine grained material and leave a porous deposit that was acted upon
by ecirculating water, bringing about dolomitization thus increasing
the porosity. The limestone sections, on the other hand, deposited
in areas not acted unon to a marked extent by waves and currents,
received the finer grained more impervicus materials; consequently
they were not dolomitized.,

Economics

The Turner Valley formaticn is by far the most important
producer of o0il and gas in the Mississippian gystem of Scuthern
Alberta. Virtually all of the production from the Turner Valley
formation comes from the Elkton member. It is productive at the
Sundre-LElliton gas and oil ficlds, Jumping Pound gas field, Turner
Valley gas and o0il field, and in the Pincher Creelk gas ficld, The
Middle Dense member is productive in the nerth end of Junping
Pound gas field. The Upper Porous member is productive in the
Turner Valley gas and oil ficld and at Pincher Creek gas Tield,

1 Personal communication.
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MOUNT HUEAD FORIATION

Gener:l Deseriction

Pl

The "Mount Head formatiocn was naaed by Deouslas (1853, p. 68).
The tyvne scctior is located in the Mount Iead Map arca "on ridges
north of Flat Creelk and ilirhwood River."

The Mount llcad fermation is subdivided inte six members. In
ascernding order they arc: Wieldermin, Diril, Salter, Cunmings,
o e

Marston and Camavon. TFolloving is Douplas' (1053, pp. 75 and 70)
log of the type section:

Rundle grou
Mount Head formation
Carnarvon nicner
Finel: crystalline and crypto-crystalline
linmestone; thin colcareous shale and
dolomitic limestone o o o « « o & &« « . » 1lGO

Marston menber
Finely crystalline, ciypto-crystalliine and
arcnaceous gcranular dolomites and liestones;
anhydrite in Flat Crecli well . . . . o . 140

Cummings member
Coarse y crystalline limestone, with
interbedded finely crystalline, cherty
dolomite and limestone . . . « « « o« « » 200

S5alter member
Arenaceous granular and finely crystalline
¢olomite, solution breeeias at lop;
anhydrite in Flat Creek well . . . . . . 100

Baril menbcr
Medium and coarscly crystalline limestene, in
part oolitic; arenuceous granuler and finely
crystulline dolomite o o o o 6 « o o « o D0

Wielderman member
Arenaceous, granuliar limestone o« o o & w48
he individual members of the Mount lead formation are hoard to
identify away from the Mount Head area. It scems that for the nost
nart this formeticn is wmoere ecanily divided into twoe pembers as
Douglas (193¢, p. 13) ¢id in the Livingstoue Range Here the uper
member is 200 feet thiclh and is coumposed of Llaek
dense, hard limestone with thin interbeds of Zlaclt calecwurecus shale
and coarsely crystaliine limestone. The lower wner is 43C feot
‘ned, thin bedded,

°
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thick and is composed of buflf te hrown, fine gru
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argiliaceous dolomite, alternating with grey, fine to medium grained,
massive, cherty limesteone, grading to dolomite.

At Storm Creclt on the southwest side of Mount Ree, the Mount Head
formation is 357 feet (iick as weasured by Ruasch (19243, p. 6). llere
Roasch deseribes three memiers in the Mount liend formaticn. llis
mentbers are as follows in descendinrg order: Member No.o 1 is 188
feet thieck. It is composed of black to dark groy, bituminous,
argiillacecous limestone interbedded with thin beds of black calcareous
shale, Member No. 2 is 134 feet thicl. It is cemiosed of black,
massive, dense, highly argillaceous, cherty, crincidal limestonce.,
This member stands out as a topographically resistent unit. HMember
No. 3 is 235 feet thielt, It is composed of bLlack to gray, fine to
medium grained, argillaceous limestone. This member is highly
fossiliferous and recfoidal in part.

Figure number § is a photegrash of the Mount ilcad formation at
the ilead of Storm Creelk,

Cn Exshaw Crecl: the HMount llead formetion as reported by Clark
(1654, p. 42) is GCO feet thick. It is composed of dark gray to
blacli, coarse crystalline to dense, crinoidal, argillacecous,
fossiliferous limestone with beds of darlt gruy, red and green shale.,
The lower limestone Deds wure arenaeccous and silty.

In Canyon Creck at Moosc Mountain the Mount Iead formation is
300+ feet thick. It is composed of gray to tan, coarse to fine
crystalline, crinoidal limestone, grading to dolomite and tan to
gray, coarse crystalline, arenaceous and silty porous dolomite,

Fipure number 6 is a photograph talien near the top of the licunt
[lead feormation «t Moose Mountuain showing the norous nature of the
dolonite.

Due to the relative easc with which this Tormation weathers and
the steep di: of the beds in most outerops, this portion of the
Mississiuvpian system is rarely well cxnosed.

The Mount licad formation lies with conformity on the Livingst.one
formation in the mountains and on the Turier Villey formation of the
foothills., It is cirnformably overlain with the Tunnel Mountain
formation in the mountains and unconformalily overlain by Jurassic
roclis in the foothkills and plains.

5 4in thiclinesy frow zmcro at its
ype sections

The Mount iad Termetion vari
truncated edge to 7CC feet at its

Thig porticn of the Mississivpian systen is restricted to the
western side of the thusis wrea. It is present dhroughout ithe

mountaing and footliills and has been cohserved in the subsuriace at

Juniping Peund, Turner Vailey and Pincher Creelr fields,




Fig. 5 Mount Head Formation at Head of Storm Creek

Fig. 6 Porous Dolomite in Mount Head Formation
at Moose Mountain
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Age and Correclation

The Mount Iead formation is Meramecian in age. It corrclates
with the upper half of the DeBolt formation of Northwestern Alberta
and Northeastern British Columbia, the Charles limestone of the
williston Basin, the Drazer formation of Southern Idaho and the
Northern Utah, and the [Humbug formation and Dcsecret limestone of
Central Utah. It also correclates with the Warsaw limestone, Spergin
limestone, St. Louis limestone and Ste. Genevieve limestone of the
Mississinpian type section of the Upper Mississippi Valley.

Warren (1927, pp. 31-32) lists the following fossils collected
from the Banff Parlk area.

Hapsiphyelum calcareforme (Hall) 2

Triplophyelum minnewankense Shimer

Lophophyelum ? cascadense sp. DOV,

Cliscophyelum ? bouffense sp. nove

Lithostrotion flexXuosum Sp. NOVe

Syringapora surcularia Gerty

Tenestella serratula Ulrich

Fenestella cf. tenas Ulrich

Productus infatus McChesney

Pustula punctata (Martin)

Spirifer cf. arkansanus Girty
Spirifer cf. increbescens Hall

Eumetria marcyi (Shumard)

Eumetria vera (Hall)

Composita triniechea (Hall)

Composita transversa (Mather)

Petrolopy and Petrography

The colors of the limestones and dolomitcs are medium gray,
dark gray, black, buff to dark brown. The siltstone is tan and
light green. The shale is black, green and red.

The texture of the carbonate rocks ranges from cryptocrystalline
to coarse grained, The siltstones were composed of coarsec grained
silt and very fine grained sand.

Thin sections showed the crystallized limestone to be composed
of calcite crystals ranging in size between 1/10 mm and 2 mm.
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The bedding in the carbonate roclis ranged from a few inches to
10 feect thicli. Thin beds of shale or highly argiliuccous limestone
was observed on the bedding planes of the carbonate rociis.

Many of the rocks arc breceicted and oolitcs are prescnt in
some scctions. Cross-bedding, or solutiun brececia was obszerved in a
siltstone bed at Moose Mountain,

Lithologically the Mount ead formaticen is composed of limestone,
rinoidal limestone, argillacecus limestone, dolomite, argillaceous
doloiite, silty dolomite, anhydrite, dolomitic siltstone and shalc.

Thin sections of the carbonate rocks showed them to be comosed
of detrital organic remains of crinoids, foraminifera, brachionods,
bryozoan, corals, and other non-recognizable organic remains. These
fragments are so re-crystallized i some slides that it was difficult
to recognize anything but the outlines of the various organisms. The
fossil fragments are held together by calecite and dolomite cement and
an argillaccous matrix which made up from 25% to 60% of the rocli.

The organic remains as a rule are less reerystallized in the nore
argillaccous rocls,.

Tnsoluble residucs were composed of argillaccous materials,
silt sized quartz grains, silicified fossil remains, pyrite and
chert. The percentage of insoluble residue ranged from less than
1% in the clean light colored limestones and dolomites (rare) to
97% in a dolomite siltstone.

Sedimentation

The strota of the Hount Head formation was deposited under the
ernvironment of an unstable shelf. The cross-bedding (?) brecciation,
and oolitecs would suggest that the water was shullow. The anhyvdrite
was probubly deposited in isolated basins causcd by a fluctuntion in
the strand line.

LFecononics

The Mount MHead formation has possibilities of beconing a major
producer of oil and gus. It is 0il productive at Turner Valley oil
and pas field, and is gas bearing close to its truncated edge
southeast of the Turncr Valley field. In the mountains, cuteroc;
scetions in some arcas are vuggy and oil stained. At Moosc Mountain
residual oil is found in vugs. Residual o0il was also found in Mount
llead roclks at Mount Rae.
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TULNEL MOUNTAIN FORMATION

General Description

The nume Tunncl Mountain was Iirst proposed by II. II. Beach in
1947 in an unpublished acdress before a group of Alberta geolopistss
lle proposcd the name as the upper of threce nembers into which he
divicded the Rundle formution.

The type scction for the Tunnel Mountain formation is on the
south sice of Tunncl Mountain in Banff Parlc. It is 630+ fecet thick
and can be dividecd into two members on the basis of lithology. The
upper member is 250 feet thick and is composed of gray, gray buff to
reddish brown, fine to mediwmz grained, cherty, thin bedded sandstone,
grading into quartzite. The sandsione is slightly dolomitic in
places, prading into arcnaccous dolomitc in the upper 50 feet. The
lower member is 380 feet thick. It is composed of dark gray, fine
to coarse crystalline, crinoidal, argillacecus, a&repaceous, dolomitic
limestcne grading to dolomite; and pray to carlk buff, fine to medium
erystalline, cherty, arenaccous, calcarcous dolomitle.

At the head of Storm Creelr, the Tunnel Mountain formation is
602 feect thick according to Raasch (1954, p. 4). Lithologically it
is composed of pray- to dark-gray, fine- to medium-crystulline,
cherty, silty, dolomitic limestone grading to dolomite with
interbeds of gray and green calcarcous shale. Darl gray crinoidal
limestene is present in the center of the sccticn,.

At Exchaw the Tunnel Mountain formation 1s 275 fect thick
according to Clark (1954, p. 43). Duc to the easc with which the
formation weathers, pood exnmosures in this area arc rare and rather
Jdifficult to measurc. The upper part of the formation is composced
of gray finc grained, dolomitic sandstone. The lower part is
couosed of gray, finmc to medium eryatalline, arcnaccous diolosidte.
The sand content incrcases nprogressively from the bottom to the top
of the section.

At Mount Head, Douglas (1933, p. 63) rcfers to the Tunnel
Mountain iormation as the Ethington member oi the Rocly Mountain
formation. Herc the Tunnel Mountain formation is 200 fcet thick
and is composed of three parts as described by Douglas (1953, p. 757,

The upper part is 130 feet thici. It is ccmihosed of arenacceous,
granular dolomite, partly cherty, fincly crystalline cdolomite.

he middle part is GC feet thick and is commosed of arcnacecus,
granular limestone, partly cherty; medium crystalline limestone; and
medium crystalline porous dolomite.

The lower part is 100 feet thicli. It ig composed of green
shale and finely crystalline limestone and delouitc.
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In the Gap on 0ld Man River, Douglas (1950, p. 13) rcfers to
the Tunnel Mountain formation as Member D of the Rundle formation.
He describes it as being 250 feet thick, lithologically composed of
gray, fine-grained, blocky limestone, buff, fine-grained cdolomite,
breccias of limestone and chert, cross-bedded, arenacecous dolomite,
and thin stringers of porous limestone and green shale,

In Crowsnest Pass the Tunnel Mountain formation like the other
formations within the Mississippian system is faulted. The true
thickness of this formation according to Raasch (1935, p. 1) is 576
feet thick. Lithologically it is composed of light gray, fine
grained, crinoidal limestone, interbedded with green calcareous
slightly arenacecus shale,

The Tunnel Mountain formation thins from west to east. This is
in part due to post-Mississippian erosion. In the western most
exposures the formation is 600+ feet thick. In the eastern nmost
exposures it is between 250 and 300 feet thick.

The Tunnell Mountain formation is confined to the western edge

of the thesis area. It has not been observed east of the mountains
by the writer.

Age and Correlation

The Tunnel Mountain formation correlates with the Stoddard
formation of the Peace River district of Northwestern Alberta and
Northeastern British Columbia, the Great Blue limestone and the
lower part of the Manning Canyon shale of Utah, and the Big Snowy
Group of Central Montama and the Williston Basin.

The age of the Tunnel Mountain formation has been in question
for many ycars. Early workers place it in the Pennsylvanian and
Permian systems. More recent workcrs pluce it in the Mississippian
system and assi;n it to the Chesterian series.

Raasch (1954, pp. 11, 13) collected the following list of
fossils from Storm Creek:

Echinocrinus sp.

Batostomella spinulosa Ulrich

Comoposita subquadrata (Hall)

Comoposita trinuclea (Hall

Acanthopecten sp.

Bairdeca cestriensis Ulrich

Bythocypris aff. truncata Cooper
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These fossils support a Chesterian age.

Warren (1956, p. 247) makes the fellowing statement concerning
the age of the Tunnel Mountain formation at the type section: "The
age determination is not simple, as the formatiocn is usually very
sparsely fossiliferous and such fossils as do occur arc poorly
preserved. They are usually internal molds and a wide latitude must
be allowed for error in identification," He assigns the formation
to the Pennsylvanian system on the strength of the following fossils:

Caninia torquia (Owen)

Orbiculoidea arcnaria Shimer

Schuchertella ? sp.

Dictyoclostus semireticulatus (Martin)

Dictyoclostus coloradoensis (Girty) =2

Juresania nebrascensis (Owen)

Paraphorhynchus obscurum Shimer

Dielasma arlensanum Weller

Phricodothyris perplexa McChesney

Mayalina wyomingensis (Lea)

Petrology and Petrography

The colors of the carbonute rocks arc light gray, gray, dark
gray and buff. The shale is dark gray, light green and gray green.,
The siltstones and sandstones are gray, gray buiff and reddish brown;
the chert is gray to dark gray.

The texture of the carbonate rocks ranges from fine to coarse
crystalline. Staining and etching show the calcite crystals to Le
larger than the dolomite crystals within the same rock samples,

The calcite crystals range in sizes up to 2 mm whereas the dolomite
crystals range in size from 1/32 to 1/3 mm. The texture of the
siltstones and sandstones range from fine silt to medium grained
sand.

Lithologically the formation is composed of limestcne,
argillaceous and silty linestone, dolomite, argillaccous and silty
dolomite, siltstone, calcarcous and dolomitic siltstone, quartzite,
shale, calcarcous and dolomitie shale, and chert. The lighter
colored carbonate rocks are made up of between 10% and 50% dolomite.
The average clean carbonate rock was composed of 75% calcite, 24%
dolomite and 1% or less of quartz grains and euhedral crystals of
quartz, The darker carbonate rocks contain up to 30% argillaceous
material and silt sized quartz grains. The calcite in these rocks
is granular (calcilutites).
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The dolomitiec siltstones give an appearance of quartzite.
They arc very hard and brealk with a concoidal fracture. Insolubile
residues of thesce roclis show them to be comrosed of anpular cuartz
grains of silt and fine griined sund cemented entirely with dolomite
and minor amcunts of calcite.

Sedimentation

The Tunnel Mountain formotion was deposited on a shelf +that was
slowly ernicrging from the sca. The water over the shelf wus nrobably
never deep.

The northern cnd of the thesis arca was closer shorewurd as
evident from the coarser clastiec rocks in that direction.

The Mississippian Period was brought to a close by the final
withdrawal of the Chesterian seas.
Econonmics
The Tunnel Mountain formation is not comnsidered a good prospect

for 0il and/or gas accummulation because of its geograpnieal
position and the poor reservoir characteristics of its rocks.
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ECONOMIC GEOQOLOGY

GENERAL STATEMENT

0il, natural gas, sulphur and rock wool are recovered or
procuced from Mississippian rocks in Southern Alberta.

Four major oil and/or gas ficlds and several minor fields are
located within the geographic boundarics embraced by tiais thesis.
The fields, starting with the southernmost and pregressing through
to the north are as follows: Pincher Creek gas field, Turver Vulley
0oil and gas field, Jumping Pound gas field, and Sundre - Westward llo
Harmattan - Elkton oil and pas ficld. The latter is a scries of
ficlds producing from the same zone that have been grouped
together for the purposc of discussion,

PINCIER CREEK GAS-CONDENSATE FIELD

Location

The Pincher Creck field is locatced between eleven and onc-half
and ninetecen miles southeast of the town of Pincher Creclk on highway
No. 31, which leads to Waterton Parlk. Calgary is located
approximately 100 miles due north of the field.

History

The general Pincher Creelk - Waterton area had a very long and
disappointing history in regard to oil exploration and drilling
until the discovery of gas at the Pincher Creek gas field by
Canadian Gulf 0il Company in 1947.

In the early cays before the advent of settlers in Southern
Alberta the Indians were attracted by oil scepages on Cameron Creek
west of Waterton Lakes. This o0il was used by the Indians for
medical purnoses. Through persuasion the settlers founce the source
of the Indian's oil and uscd it to great advantage for greasing
their wagons and other farm machinery. In 1902 a well, Linchan No.
1, was drilled to a depth of 1900 feet. At 1020 fcet oil in
uncormercial quantities was found. A second well drilled alout the
same ti e west of Watcrton Lakes spudded into Precambrian rocks and
at 1500 feet faulted into Upper Cretacccus rocks of the DBenten
formation. This well was the first to penetrate the Lewis over-
thrust and it indicates that the oil founc along Cameron Creelr was
seeping through the overthrust from the Cretaceous beds below. Dy
the end of 194G, 28 wells had been drilled and abandoned without
recehing the Paleozoic limestone or finding oil or gas in cormiercial
quantities.,
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In April of 1047, aftcr an extensive geophysical program,
Canadian Gulf spudded whut was to becoie the discover; well of the
Pincher Creek gas-conGensate field. Pinchcr Creek No. 1, located in
Led. 15, section 24, township 3, renge S, west of the 4th meridian,
contacted the top of the Rundle limestone at 11,705 feet and has a
final total depth of 12,516 feet. The well was completed June 10,
1948, with an indicated open flow of 45 MMcf/d of gas and 1670
barrels of distillate per day. Pincher Creel: is Alberta's largest
gas-condensate field.

Stratigraphy

he Mississippian system within the Pincher Creeck field is
overlain by some 12,000 feet of Recent, Pleistocenc, Cretaccous, and
Jurassic scdiments. Decausc of the nature of this thesis, these
sediments will not be discussed.

Mount Head Formation

The Mount Hcad formaticn is approximately 150 feet thiek and is
composed of slightly silty and argillacecous densc dolomites and
recemented breccia. Stringers of crystalline dolomite arc found
throughout the zone but arc nore abundant near the basc. Som
interpranular porosity is present, and fruactures are in part lined
with caleite, quartz and solid black hydrocarbons.

Turner Valley Formation

Upper Porous Member. There is approximately 120 fcet ot the
Upper Porous members Lit:ologically it is composed of fire to
medium erystalline dolomite with thin layers of fine to cense
cdolomitc. Fossil voids contribute the major portion of the highly
intergranular porosity. Permeability is enhanced by the presence of
vertical and diagonal fractures.

Middle Dense Member., This zone has an average thicliness of
less than 50 fect and is composed of finely crystalline, calcarcous,
Golomite, interbedded with silty, azrzillaceous and cherty Colorite.
Some intervils of clecan dolomite have intergranular porositye.
Vertical and horizontal fractures are present throeughout.

Ellston Member. The Elliton menmber has a thickness of between

5933 fecot and 105 fcet. Lithologically it is composed of interbedded
erystulline dolomite anc coarscly crystalline, frirmental limestoncs
Well developed porosity is present in part of the dolomite anc to a

lesser extent in the limestones Fracturcs arc nresent.
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Shunda Formation

The full thickness of thig zone has not been penetrated in any
of the wells drilled at Pincher Creeck., The Pincher Creck No. 1 well
drilled 303 feet of the Shunda formation and found it to be composed
of a series of normal marine to coarse fragmental limestores with
three intervals of dense to finely crystalline dolomite, The upper
thirty feet is predominantly composed of dense limestone and dense
dolomite,

Structure

The subsurface structure shows the Pincher Creek producticn
horizon to be a doubly plunging thrust block of Mississippian lime-
stone with a gentle dip of between 4° and 8° to the southwest and a
strike of north 30° west., The field limits are as vet not definitely
defined. The gas/water interface is talen at a subsea elevation of
-8200 feet; this would place the western limits of the field just
east of the third well drilled in the field, Fred Schrimpp No, 1
located in Lsd. 4, Bectioen 35, township 3, range 29, west of the 4th
meridian. This well contacted the top of the Rundle group at a
subsea elevation of -8232 feet, or 32 feet below the gas/water
interface. The northern limit has been reached and lies slightly
south of Rudolf No. 1, located in Lsd, 11, section 31, township 4,
range 29, west of the 4th meridian. This well contacted the top of
the Rundle group at a subsea elevation of -8118 feet and the Upper
Porous member at a subsea elevation of -8267 feet or 67 fecet below
the gas/water interface. The eastern limit of the field is very
abrupt due to the thrust fault. However, this side of the field has
not been definitely established although a well, F, M, Huddlestun No.
1, located in Lsd. 6, section 1, township 4, range 29, west of the
4th meridian, contacted the Upper Porous member at 190 feet below the
gas/water interface (-8390). The southern limits of the field are
not as yet defined,

Production

Ten wells have been drilled in the Pincher Creek field. Of the
ten wells, seven are completed gas wells and three have the status
of suspended or abandoned wells. These suspended wells contacted
the Upper Porous member Lelow the gas/water interface. The eleventh
well, Ray Marr No. 1, located in Lsd, 7, section 28, township 4,

range 29, west of the 4th meridian, is currently drilling.
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Reservoir Factors and Reserve Estimates

Reserveir Rock: Turner Valley Formation
Type Gas: Non-associated
Specific Gravity (AIR = 1): 0.58
Heat Value BTU/CF: 1,042
Average Well Depth: 11,700 feet
Gas/Water Interface: 8200 feet subsea (-8200 feet)
Average Thickness of Pay Zone: 389.1 feet
Porosity: 4.62%
Connate Water: 16%
Original Pressure: 4,945 P.S.I.A.
Reservoir Temperature: 191° Fahrenheit
| Original Gas In Place: 3,631.3 billion cubic feect
i' Gross Absolute Open Flow/Well/Pay: 75 MMcf
1 002 and st makes up 17% of the gas
l Permeability Type: 10% Intergranular - 90% Intermediate

Pincher Creck at the present time has the status of a shut-in
gas field and will remain as such until the completion of at least
part of the Trans Canada Pipe Line. Trans Canada Pipe Line has a
contract with the British Amecrican 0il Company (formerly Canadian
Gulf 0il Company) whereby they will buy 106 MMcf/d of gas during
their first year of operation and 170 MMef/d in subsequent years.
British American 0il Company has just finished building a sulphur
plant in the Pincher Crcel field in order to prepare the gas for
delivery to Trans Canada Pipe Line. This plant will be capable of
processing 170 MMcf of crude natural gas per day from whieh it will
recover 780 long toms of sulphur, 1230 barrels of propane, 1300

barrels of butane, 1020 barrels of natural gasoline and 7810 barrels
of condensate.

TURNER VALLEY GAS-CONDENSATE AND CIL FIELD
Location

Turncr Valley gas and oil field is located within the foothills
belt, 35 miles southwest of Calgary.

1 Figures from the Reservoir Engineering Digest.
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Histogx

Turner Valley has had a very colorful and nroductive history,
and although procuection is on the decline there is still a lot of
gas and o0il within this ficld., Gas sceps were detceted on the bonls
of Shecp River by the settlers of the Turner Valley area. One such
seep, located near the present site of the Royalite nlant, had encugh
gas flowing from it to interest promoters from Cal;ary, and in 1913
the first well, Dingman No. 1, was drilled. This well found gas and
distillate in the Blairmore sands. Aftcer the success of Dingman No.
1, scveral more Blairmore wells were drilied, and a pineline was
constructed to Okotoks to join the Calgary-Bow Island gas line.

he year 1924 was momentus for Turner Volley Leciuse in that
year Royualite Noo. 4 wus completed as a gas well in the Rundle
limestone at a depth of 3740 feet with an initial potential of I3
MMcf/d of gas and a high condensate content. Detweccn 1924 and 1936,
114 wells were drilled into the Rundle limestone for the purpose of
producing the naphtha contained in the gas. Part of the gas was
sold and trunsported to Calgary for domestiic and indu.iriecal aGeating.
Inasmuch ag pgas was produced in execess of gas requirements, gas was
flared after the removal of naphtha. Hume (1550, p. 320) estimates
about one trillion cubic feet of sas was flared between 1024 and
1936,

In April of 1830, Model No. 1 contacted the Rundle limesione
at 5801 fect (subsea elevation of 1707). This well was conleted
105 feet into the Rundle limestone and had an initial production of
83 barrels per day of discolored narhtha (68,5° gravity). Dy
December of the sume yeur the producticn had increcased to 176 barrcls
of crude nuphtha per day. Linlt (1653, p. 128) states that this well
should receive credit for being the Tirst well in Turner Vailey to
discover oil, but duc to its linited size it rececived litle
attention., O0il was "re-discovered" in April of 1.36 w .en Turner
Valley Roralties Ne. 1 found o0il in the Rundle limestone at a cepth
of 6395 feet (subsea clevation of -2155). This well was conpieted
with an iritial flow of 860 barrels of 45° API oil per day.  From
1036 to 1240 wells were drilled on the west flank of the Turner
Valley structure in search of the oil.,

In 194C, under the divecction of J. 0. C. Sarderson, ilcue
Millarville No. 1 was crilled and connleted. This well remulted in
the porthward extension of Turncr Volley and extended the Tield
approxioately eight miles. Almoot all the arilling from 1940 tc¢ the

Fal

present h.s bLeen dene in the northern end of the ficld.

Probabily more articles and reports, both srivate unid government,

have been written on the geolory of Turncer Valley than any other oil
or gas ficeld in Western Canada.
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Stratigraphy

No well within the Turncr Valley field has penetrated the full
Mississippian section., However, one well, Royalite et al Decvonian
Test No. 1, located in Lsd. 2, secction 25, township 19, ranpge 3,
west of the 5th meridian, drilled 1555 feet of Mississippian rock
before faulting back into the Blairmore formation. It is believed
by the writer that the faulting occurred at the base of the
Mississippian system in the Exshaw formation, approximately 30 fecet
above the top of the Devonian system.

Mount Head Formation
The Mount Head Formation is 120 feet thiclk.

This horizon is composed of brown, buff to light buff,
microcrystalline to dense argillacecus and silty dolomite., Stringers
of brown chert are present throughout the zone. A thin zone (5-8
fect) of porosity is found near the top of this formation throughout
the ficld and a thicker zone of porosity (10-15 fect) occurs in the
center of the formation in the ncorthern half of the field.
Mineralogically (MacKenzie 194C, p. 1627) the Mount Head formation
is composed of between 47% and 68% colomite, 12% and 206% calcite,

15% and 26% Si02 (chert and silt) and 5% and 9% oxides of Al. and Fe.

Turner Valley Formation
The Turner Valley Formation is 300 feet thiclk.

Upper Porous Member, The Upper Porous member is 80 to 100 fcet
thick. The Upper Porous Zone is quite uniform in thickness and
composition throughout the Turner Valley field. However, there is a
color change in the dolomite from brown in the north half of the
field to white in the south. Lithologically the Upper Porous member
is composed of brown to white, dense to medium crystalline, in part
slightly argillaceous, porous, fossiliferous (erinoids and brachco-
pods) dolomite., MacKenzie (1940, p. 1637) points out that the voids
within the cores and chips are relatively small with the great
majority being less than 1/16 of an inch in diameter and a few 1/4
of an inch in diameter. The mineralogical composition (MacKenzie,
1940, p. 1627) shows a much higher percentage of dolomite than the
Mount Head formation with 96% dolomite and 4% limestone.

Middle Dense Member. The Middle Dense Member if 60 feet thick.

It is the most persistent marker in the Turner Valley formation and
is composed of dark dense silicecous dolomite with thin (1 to 2 feet
thick) bands of chert. Mincralogically (MacKenzie, 1240, p. 1627) it
is composed of between 46% and 74% dolomite, 15% and 25% limestone,
11% and 25% 8102 (mostly chert), oxides of Al. and Fe, 0% and 4%.
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Elkton Member. The Elkton member is 60 to 120 feet thick. It
is composed of white to light tan, fine to coarse crystalline,
non-porous, fossiliferous limestone grading into brown to white,
dense to medium crystalline, slightily argillaceous, porous,
fossiliferous dolomite. Some wells within the field have as much as
120 fect of limestone with no dolomite whercas others have 120 feet
of dolomite and no limestone. In the center and extreme south end
of the field the Elkton member isg composed of limestone, In wells
where both limestone and dolomite are present the limestone is
always found above the dolomite.

Shunda Formation
The Shunda Formation is 250 feet thick.

Lithologically the Shunda formaticn is composed of medium brown
to dark brown and dark gray, dense to very fine crystalline, silty
and cherty limestone with stringers of light brown to dark gray
argillaccous, silty dolomitic and light gray, hard doleomitic
siltstone. Crinoid and brachiopod fragments are common throughout.

Pel:isko Fermation
The Pekisko Formation is 325 fect thiclk.

Lithologically the Pekisko formation is composed of light brown,
brewn, buff, and dark gray, fine to medium crystalline, ooclitic and
fine grained, argillacecus and in part silty, limestone with bands
of brownish gray chert near the base. The Pekisko formation is very
fossiliferous throughout, containing a preponderance of erinocids.
Brachiopods, pelecypods, and ostracods are alse abundant.

Banff Formation

The Banff formation is 46C feet thick and is made up of three
menbers.,

Upper Member. The upper member is 310 feet thick and is
composed of light brown to dark gray, dense to mecdium crystalline,
argillaceous, silty limestone with abundant brownish gray chert in
the upper part and dark brown calcareous shale stringers throughout.
This member is fossiliferous throughout with crinoid slates and
brachiopods,.

Middle Member. The middle member is 90 feet thick and is

composed of dark gray hard calcareous shale.
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Lower Member. The lower member is 00 feet thick and is composed
of dark gray, very fine to dense, highly argillaceous, limestone
becoming slightly silty near the base.

Exshaw Formation
The Lxshaw Formation is 50 feet (?) thick.

The full section of the Exshaw formation has not been penetrated
within the Turner Valley field. Royalite et al Devonian Test No. 1
had a trace of blackish brown to medium brown, calcareous shale at
the base of the Banff shale just above the fault (Turner Valley sole
fault) that faulted back into the Blairmore formation. The writer
believes this shale to be the Exshaw shale that acted as a glide
plane for the fault.

A few miles east of Turner Valley the Exshaw formation is 50
feet thick as observed in the Shell Anglo-Canadian Pine Creek No. 1
well, located in Lsd. 12, section 12, township 20, range 2, west of
the 5th meridian. At this location the Exshaw formation is
composed of dark gray to black, calcareous shale with a trace of
dark brown chert at.the top of the formaticn.

Structure

The Turner Valley field is one of the most, if not the most,
complicated oil and/or gas bearing structures in Canada.
Structurally this field is composed of two scparate but reluted
features. The south and largest is rcferred to as the Turner Valley
structure whereas the north of Miliarville structure is smaller and
much more complicated. Both are devcloned over the Turner Valley
sole fault. The Millarville structure represents an imbricated
section of Mississippian and younger rocks that have been thrust
over the northwest plunging faulted asymmetrical anticline. This
structure, the axial plane of which dips west 77°, has been thrust
castward on the Turncr Valley sole fault from its original place of
deposition. Gallup (1951, p. 809) states that at least 1C,000 fcet
of horizontal ovcrride and 5,000 feet of vertical displacement of
the Paleozoic rocks in the central section of Turncr Valley has
talken place.

MacKenzie (1940, p. 1636) recognizes three types of tension
fractures in Turner Valley:

1. Longitudinal tension fractures located on the crest and
caused during folding of the structure. In cross-
sections these fractures converge from the outer surface
toward the core of the anticline. In plan they tend to
parallel the strike of the anticline,
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2. Fracturcs that are caused by minor folding and
faulting on the surface of the Paleozoic limestone
(Rundle limestone). Such structures are probably
very few in number,

3. Minor tension, or tear faults caused by the eastward
movenient of the thrust sheet at the time of the major
dislocation. These tear faults would have
displacements of only a few inches.

Production

Turner Valley is currently producing oil from 302 wells and
gas from 78 wells. The accumulated production of oil since the
discovery to the end of 1955 is 116,931,570 barrels. he amount of
gas produced from this field would only be a guess inasmuch as most
of the early gas production was flared after naphtha was taken from
it. A conservative estimate was made by Hume (1950, p. 322) of 1.50
trillion cubic fect of gas produced to the end of 1947,

: . 1
Reservoir Factors and Reserve Estimates

Reservoir Rock: Turner Valley Formation and Mt. Mead Formaticn
Type of Gas: Gas cap and solution gas

Specific Gravity (AIR = 1)

Gravity of 0il: 40.8° A.P.I.

Original Gas/oil Interface: 2220 feet subsea (-2220 feet)
Average Thickness of Pay Zone: 145 feet

Average Porosity: Upper Porous - 7%, Lower Porous 7. 8%
Average Permeability: 6.84 Millidarcys

Reservoir Drive: Gas cap and water

Reservoir Temperature: 148° F. at 8339 feet

Original 0il in Place: 760,000,000 barrels

Original Gas in Place: 1.75 trillion cubic feet (Conservative
estimate)

1 Figures from the Reservoir Engineering Digest.
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JUMPING POUND WET GAS FILLD

Location

The Jumping Pound gas field is located 18 miles west of Calgary
and 20 miles northwest of the northern end of Turner Valley oil and
gas field.

History

Jumping Pound like the two aforementicned fields had
considerable activity before the discovery of gas in the Rundle
limestone. Drilling started in 1914 shortly after the discovery
of gas at the Dingman well in Turner Valley. The prime objective
of these wells, nine in number, was to test the folded and faulted
Upper Cretaceous sands that were the first to produce in the Turner
Valley ficld. The deepest hole drilled in Jumping Pound prior to
Shell's discovery well was Brown Consolidated Babson No. 1, which
abandoned hole at 6885 fecet after the well faulted from Fernie shale
(Jurassic) back into the Belly River formation (Upper Cretaceous).

After an extensive geophysical search a location was picked
and drilled by Shell 0il Co. of Cunada which resulted in the
discovery of the Jumping Pound gas-condensate field in 1944. The
discovery well was Jumping Pound Unit No. 1, located in Lsd. 4,
section 24, township 25, range 5, west of the 5th meridian. This
well contacted the top of the Rundle limestone at 0618 feet (-5588)
and had an initial potential of 6.5 MMcf/d of wet gas. Development
drilling continued until 1947 and was stopped in that year after
comnletion of Jumping Pound Unit No. 4. In 1950 development was
started again after finding an outlet for the gas. At the present
time therec are 11 wells capable of production and 3 abandoned wells
within the limits of the Jumping Pound gas-condensate Ticld.

Jumping Pound like Turner Valley and Pincher Creek is located

within the foothills belt; consequently drilling is deep and
difficult. '

Stratigsraphy

There is between 9,600 feet and 10,600 feet of faulted and
folded Mesozoic clastic sediments above the Mississippian seguence
of rocks,

Mount Head Formation
The Mount Head formation has been eroded from most of the field,

but according to Martin (1956, p. 131) there is as much as 13 feet
present in some wells.
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Turner Valley Formation

The Turner Valley formation is between 239 and 290 fect thick
and is made up of thrce members: the Upper Porous, Middle Dense,
and Elkton.

Upper Porous Mcmber. The average thickness of the Upper Porous
member is 43 feet,

The Upper Porous member is composed of light brown to buff, fine
to medium crystalline, dolomite, with intercrystalline and vuggy
porosity. The porosity is streaked and not confined to a main
horizon as it is at Turner Valley.

Middle Dense Member. The average thickness of the Middle
Dense member is 64 feet.

The Middle Dense member is composed of light brown to buff,
fine to medium crystalline, argillaceous, calcarcecous and anhydritic
dolomite. This zone is porous and productive in the north end of
the field where porosity in the Middle Dense member makes up about
one~third of the total thickness of the pay =zone,

Elkton Member. The average thickness of the Elkton member is
136 feet.

The Elkton member is lithologically like that of the Upper
Porous member being composed of light brown to tan, fine to medium
erystalline, in part vuggy dolomite.

Shunda Formation
The Shunda formation is approximately 220 feet thick.

The top of the Shunda formation is marked by brown, dense,
argillacecus dolomite, interbedded with hard greenish gray, dolomitic
shale., The remaining section is composed of dark brown to black,
microcrystalline to dense, silty, dolomite with stringers of gray,
dolomitic, argillacecus, anhydritic siltstcone; white fine crystalline
aphydrite with thin interbeds of dolomite and shalej and near the
base, dark gray, very fine crystalline to lithographic, argillaceous,
dolomitic limestone,

Pekislko Formation
The Pekisko formation is approximately 3¢0 feet thick.
The Pekisko formation is composed of gray to brown, very fine
crystalline to depnse, in part argillacecous and silty, fossiliferous,

colitic limestone. Crinoid plates are very abundant throughout the
sections with brachiopods and pelecypods less abundant,.



=54

Banff Formation
The Banif formation is between 500 and 600 feet thick.

The Banff Tormation can be divided into two members within the
Juniping Pound field.

Upper Member. The upper member approximately 300 feet thick is
composed of dark gray to black dense, argillaceous limestone with
stringers of dark gray to black calcareous shale. Stringers, and/or
nodules of black chert are prominent throughout this section.
Crinoid plates are periodically found.

Lower Mcmber. The lower member is approximately 300 fect thick
and is composed of dark gray, micromicaceous, fossiliferous
(brachiopods and crinoid plates) calcarecous shale. The lower half
of this member is somewhat silty.

Exshaw Formation
The Exshaw formation is 30 feet thick.

The Exshaw formation is composed of black bituminous,
radioactive calcareous shale.

Structure

The surface structure at Jumping Pound is similar to that of
Turner Valley as observed from Hume's (1939) map. The surface is
cut by numerous thrust faults, the strike of which varies between
N 22° W and N 32° W. The thrust faults parallel each other and are
from 1/4 of a mile to 1 mile apart. The first of these thrust
sheets is located approximately 1 1/2 miles to 2 miles cast of the
field and represents the dividing line between the foothills and
plains physiographic provinces. The thrusting for the most part
has taken place in the Belly River and Colorado formations. DBoth
formations are composed, at least in part, of incompetent shales
which act as glide planes.

The thrust faults of most importance in this area are the
Jumping Pound fault and the sole fault. The Jumping Pound fault is
exposed at the surface and dips west at a gentle angle cutting
across Cretacecus roclis until it reaches the top of the Fernie
formation (Jurassic) which acts as a glide plane. The second fault
is the sole fault. It does not appear to reach the surface. This
fault cuts across Cretaceous, Jurassic and Mississippian rocks and
probably used the Banff formation as a glide plane,
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The overthrust Rundle limestone (Turner Valley formation) is
the producing horizon at the Jumping Pound field. The underthrust
has been penetrated in two wells both of which found the Rundle
limestone water-bearing.

Production

The Jumping Pound gas field is 12 miles long and between 1/2
and 2 miles wide. Fourteen wells have drilled into the Rundle
limestone of which eleven are flowing gas wells and two have been
abandoned because of the non-commercial qguantities of gas and one
abandoned after contacting the pay zone below the gas/water interfacec.

. ’ 1
Reservoir Factors and Rescrve Estimates

Reservoir Rock: Turner Valley Formaticn

Type of Gas: Non-associated

Specific Gravity (AIR 2 1): 0.704

Heat Value: 1,064 BTU/CF

Average Well Depth: 9700 to 9800 fect
Gas/Water Intcrface: 6436 (-6436) fcet subsea
Area of Field: 5,833 acres

Average Pay Thickness: 149 feet

Rock Volume: 872,107 acre feet

Average Porosity: 8%

Connate Water: 13%

Virgin Pressure: 3995 P.S.I.A.

Reservoir Temperature: 194° Fahrenheit
Original Gas in Place Per Acre Foot: 838,000 C.F.
Original Gas in Place: 731 Billion Cubic fcet

Gross Absolute Open Flow/Well/Day: 23.2 MMcf/d

Composition of the Crude Natural Gas (Mann, 1953, p. 487)
Methane 84.2 Mole per cent
Ethane 3.8 Mole per cent
Propane 1.0 Mole per cent
Butane 0.5 Mole per cent

1 Figures from the Reservoir Engineering Digest.




Pentane and hizher C.8 Mole per cent
Carbon dioxide 6.2 Mole per cent
Hydrogen sulphide 3.5 Mole per cent

One million cubic feot of crude gas has 9.3 barrels of
condensate (50° API) and 3.5 barrels of nutural gosoline (68° API).

Shell 0il Company is currently sclling gas from Jumping Pound
to the Cunadian Western Naturul Gas Co. at the rate of 160 MMMcef/d.
This sas is distributed in Calgary and Exchaw. The field is capable

of producing .07 llef/d.

The sulphur plant operated in connection with the gas
scrubbing precess at Juuping Pound can produce upn to 28 short tons
of clemental sulphur per duy.

SUNDRE - WESTWARD 10 - HARMATIAR - ELKTCH FIELDS

Location

The four ficlds listed in this heading are located from 45 to
65 miles northwest of Culgory. Physiographically they are located
o J gt o o

on the extreme western side of the »lains bordering the fcothills.

Sundre, Westward llo and larmattan are oil pools all producing
from the Ellton member of the Turner Villey formation. These
appear to be separate reservoirs in spite of theixr close ge
connecticn,

The Elliton gas pool located east and scuth of the Iurmattan oil
pool is probably continuous with, anc the gas cap of, the Harmattan
0il peol.

History

Unlike the rest of the Mississippian ficlc in Scuthern

Alberta, this chain of poolg idocs pot hove a long and colorful past.
The history starts with the discevery of gas at the Canadiun Superior
Robertson No. 9-26 well, locuated in Lsd. 9, scetion 26, township S0,
range 3, west of the 5th meridian. This well was completed as a wet
gas well in the Elliton member of the Turner Villey formaticn in July,
1951, In the spring of 1054, two more wet gus wells were coupleted
in the Ellzton member north of the discovery. The wells cre Greot
Plains Canadiar Superior ot al Elliten No. 16-13, located in Lsd. 106,
seetion 13, township 31, range 4 west of the 5th meridian, and Shell

i
West 0lds Noe A-16-15, located in Lsd. 16, secetion 15, townshis 50

9 * 3 53 1
range 4, weet of the Sth meridian.
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The first well to discover commercial oil was Hudson's Bay
Sundre No. 1, located in Lsd. 1, secticn 4, township 34, range 5,
west of the 5th meridian. This well was complcted in January of
1955 as an Elkton limestone o0il well.

In March of 1955, Westward Ho oil pool was discovered when
Mudson's Bay Qilwell Operators Westward Ho. No. 1, located in Lsd.
7, section 8, township 33, range 4, west of the 5th meridian, was
completed as an Elkton limestone oil well.

Harmattan oil pool was discovered in December, 1953, when
Oilwell Operators C. & E. Harmatton No. 1-7, located in Lsd. 1,
section 7, township 33, range 4, west of the 5th meridian, found
0il in the Elkton limestone.

Stratigraphy

Post-Mississippian crosion has cut deeply into the Turner ;
Valley formation removing completely the Upper Porous and Middle
Dense members and in some places the Elkton member. |

Elkton Member. The Elkton member has a maximum thiclkness of
152 fect,.

The contact of the Elkton member with the overlying Cretacecus
sands is unconformable. The Elkton surface is very irregular and
in some places deep channels have completely removed it.
Lithologically the Elkton member is made up of tan to light brown,
coarse crystalline, vuggy, porous, dolomite with minor shale
stringers of greenish gray shale. Dolomite as desecribed above is
found in Elkton, Harmattan and Sundre. At Westward Ho dolomite
grades laterally into coarsely erystalline non-porous limestone.

Shunda Formaticn

The Shunda formation is approximately 112 feet thick.

The Shunda formation is not considered as a reservoir rock,
but in some wells it is fractured and has produced oil after being
treated with acid. Lithologically the Shunda formation is composed
of gray to buff, argillaceous and silty, limestone and dolomite.

Pekisko Formation

The Pekisko formation is approximately 150 feet thick.

The Pekisko formation is composed of light tan, brown, and gray,
argillaccous fragmental, fine crystalline to dense, fossiliferous,
limestone which is chalky in part.
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Banff Formation
The Banff formation is approximately 620 feet thick.

The Banff formation is very calcareous in this area and can be
divided into two members.

Upper Member. The upper member, 150 fect thick, is composed of
tan to dark gray, very fine grained to dense, argillaceous,
fossiliferous limestone, and dark gray, high calcareous shale.

Lower Member, The lower member, 470 feet thick, is made up of
limestone and shale like the upper member with shale becoming more
abundant. Chert is abundant throughout this member and makes
drilling slow,

Exshaw Formation
The Exshaw formation is approximately 15 feet thicl:,

The Exshaw formation is made up of black, calcareous shale.

Structure

The structure along this trend is not a complicated faulted
and folded structure as it has been in the previously discussed
fields.

The Elkton member of the Turner Valley formation forms a dip
slope with a strike of between N 10° W and N 14° W and dips 70 fcet
per mile west.,

0il and gas accumulaticn has been governed by stratigraphic
conditions. The Ellkton member pinches out up-dip due to erosional
truncation., There is also a lithoface change from porous dolomite
to non-porous limestone,

The reason for separate pools heing formed along this trend
has not been absolutely deturmined as yet. However, the writer can
offer two suggestions, the first is that some if not all of the
pools are separated by erosional channels and the sccond, they are
separated by lithofacies changes from porous dolomite to tight
limestone, '

Producticn

As of January 1, 1957, therc were 92 o0il wells in the Sundre-
Elkton chain of pools. Sundre has 31 oil wells, Westward Ho has 16
0il wells and Harmattan - Elkton have 45 o0il wells,
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Rescrvoir Factors and Reserve Estimates

Sundre Westward lo llarmattan
API Gravity of 0il 32 33.2 = 36,2 35.6
Original Gas/0il Interface =3445 -5223 -95370
(Subsea)
Original Oil/Water Interface -5539 =5434 -5414
(Subsea)
Average Thickness of Pay Zone in 70 Gross 37,7 52 Gross
Feet
Average Porosity in Per Cent 12 6.6 12
Average Permeability in 368 G6 114
Millidarcies
Reservoir Dirve Gas & Gas & Gas &
Water Water Water
Reservoir Temperature Degree
Fahrenheit 201 (?) 200 —
Original 0il in Place in 61,324,000 24,731,000 85,000,000
‘barrels
Connate Water in Per Cent 15 15 15-25
Recovery in Per Cent 35-50 35-50 35=-50
Estimated Recovery Stock Tank 21,463,500 3,655,700 30,000,000
Barrels (Lower Limits)
Recovery Barrels per Acre Foot 205 1063 203

MINOR AND/OR UNDEVELOPED MISSISSIPPIAN OIL AND GAS FIELDS
IN SOUTHERN ALBERTA

Aside from the major fields previously discussed there are
several smaller fields which produce ¢il from Mississippian rocks

and should be mentioned.

Del Bonita 0il Field

Del Bonita is located 45 milesg south of Lethbridge in township
1, ranges 21 and 22, west of the 4th meridian. As of October, 19853,
there were twelve wells in this field capable of production. These
wells produce from the Ellkton member of the Turner Valley formation

1 Figures from the Reservoir Engincering Digest.
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at a depth of approximately 5300 feet. Production is about 100
barrels of 34° to 37° API o0il per day for the field. This field is
structurally located on a northwest plunging nose of the Sweet Grass
Arch.

Spring Coulce 0il Field

The Spring Coulee oil field is located 12 miles northwest of
Del Bonita. The field is producing from the same zcne as Del Bonita
and is located on the same structure. There are four wells
producing in this field. Production 1is approximately 20 barrels per
day of 37° API oil for the field. The oil, like that at Del DBonita,
is of asphalt base.

South Princess 0il Field

The South Princess oil field is located 140 miles cast to
southeast of Calgary in township 19, range 11, west of the 4th
meridian. This field produces oil from three separate horizons,
one of which is of Mississippian age. These wells, eleven in
number, are currently lying dormant due to production problems.
Production is from a carbonate facies within the upper part. of the
Banff formation or from the Basal scction of the Rundle group
(Pekislio formation). The oil is 28% API.

Savanna Creelt Gas Field

The Savanna Creek gas field is located in the mountains 60
miles southwest of Calgury in townsihip 14, range 4, west of the 5th
meridian.

This field at the prcsent time has two capped gas wells and a
well that is still being drilled. The first well, Husky Northern
Target Savanna Creek No. 1, located in Lsd, 12, section 20, township
14, rangc 4, west of the 5th meridian, to find production in this
arca, found gas in three zones. The writer has corrclated these
zones to the Turner Valley formation und the Pekiske formation. The
Turner Valley formution has omne zone approximately 410 feet thick
which embraces the lower two-thirds of that formation and tested at
18 MMcf/d of gas after perforating and acidizing. The, Pekisko
form.ation has two zones of production, one of which tested 15.84
MMcf/d of gas and the other which tested 26 MMef/d of gas after
perforating and acidizing., These wells are located on a very
complicated structure under what appears at the surface to be a
simple doubly plunging symmetrical anticline.

his fielé could develop into one of the largest gas fields in
Western Canada.
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Gas and oil have been found in numerous isolated wells
throughout Southern Alberta in rocks of Mississippian age. Many
of the gas wells have been completed as potential gas wells
awaiting market.




The Mississippian system in Southern Alberta is composed of
rocks that were formed from sediments deposited on the eastern shelf
of the Cordilleran miogcosyncline, At no place within the area wcre
eugeosynclinal rocks observed. Sedimentation tcol place under
stable to slightly unstable tectonic conditions that appecar to have
been continuous at least on the western side of the area throughout
the entire period.

The clastic sediments appear to have come from the northeaste.
It is assumed by the writer that these sediments were derived from
the Precambrian shield inasmuch as there is no evidence to suggest
they came from Paleozoic rocks.

The carbonate rocks were in part derived from Devonian rocks
and in part from contemporancous organic remains.

The Mississippian systems thicken from east to west. The
hickest section measured was at Banff park where the section is
4100 feet thick., Warren (1933, p. 148) gives figures that add up
to an aggregate thickness of 6500 feet in the Crowsnest Pass. This
section is badly faulted and the writer believes the true thickness
to be somewhat thinner.

In the writer's opinion the Mississippian rocks were deposited
under shallow water conditions. Probably at no place cid the water
exceed the depths beyond the neritic zone. With the exception of
the Livingstone and Turner Valley formations, which were deposited
in an infraneritic environment, the Mississippian rocks were
deposited in an epineritic environment.

The Exshaw formation was deposited from cither reworked humus
or paludal sediments during the initial transgression of the
Mississippian sea. The transgression covered the entire thesis
area, and the area was subnerged until the end of Pekisko times.

The sea was unstable during the deposition of the Banff
formation as is cvident from the cyclic sedimentation in the Banff
rocks. In some areas the sca was relatively clear and clean
limestones were deposited. In other arcas the sea was murlky which
resulted in the deposition of calcareous shale and argillaceous
limestone. Follwoing the deposition of the Danff formation the sca
became rnuch cleaner.

The Pekislo formation was deposited in a cleaner and more
stable sea than the preceding formation.

Yo




g

The writer postulated a platform through the center of the
arca that had its landward side toward the north. The limestones
deposited over the platform are brecciated and argillaceous in part,
wherecas along the perimeters they are not brecciated and are clean.

The Shunda formation was deposited during a retrogressive
movenment of the sca that affected the landward sediments to a more
marked extent than the sediments that were deposited farther
seaward.

After the deposition of the Shunda formation the sea once more
f
transgressed the land mass depositing the Turner Valle formation.

During the deposition of the Turner Valley formation the sea was
warm and clean which resulted in a prolifie fauna growth., The remains
of these organisms make up the major part of the Turner Valley rocks.

Following the deposition of ithe Turner Valley formation the seca
went through several cycles of transgression and regression, which
resulted in the deposition of the Mount Head and Tunnel Mountain
formations.

The tectonic activity that brought about the fluctuations in
sea level Irom Shunda times to the close of the Mississippian pericd
were probably related to the Antler Pealt orogenies of Nevada,

Dolomitization of the limestones appears to have been restricted
to the more coarse bioclastics that had been winnowed. Consequently

these sediments were porous thus allowing free circulation of
seawater which resnlted in a magnesium calcium ion exchange.,

Economically the Mississippian rocks are important for oil and
gas production. Exploration to date has found only small quantities
of ¢il and pas in formations other than the Turner Vulley formation,
However, there is reason to believe that production in larger
gquantities will be found in other formaticns.,

Inasmuch as o0il and gas accumulation in the Turner Valley
Tormation is contrclled by dolomitization, facies studies are of
o L]
great importance in isolating areas for future drilling.




BIBLIOGRAPIHY
Andrichulk, J. M., 1955, "Carboniferous Stratigraphy in the
Mountains of Northwestern Montana and Southwestern Alberta,"
Billings Geol. Soc. Guideboolsy, Sixth Ann. Field Conference,
pp. 85-95.

Beach, i, H., 1943, "Moose Mountain andé Morley Map Area, Alberta,"
Geol. Surv. Can. Mem. 236,

Beals, FF. W., 1950, "The lLatc Paleozoic Tormaticns of Scuthwestern
Alberta," Geol. Surv. Can. Paper 50-27.

Borden, R. L., 1956, "Upper Paleozoic Stratigraphy of the Southern
Part of the Prairie Provinces, Canada," Alberta Soc,
Petrol. Geol. Jour. Vol. 4, pp. 1-12,

Brodylo, S. (Editor), 1954, "Reservoir Engineering Digest,"
Calgary, Alberta, Canada.

Clark, L. M., 1954, "Geology of the Rocky Mountain Front Runges
Near Bow River, Alberta," Western Canadian Sedimentary Basin,
Am. Assoc. Petrel. Geol. Tulsa, Chklahoma, pp. 20-47.

Crickmay, C. H., 1935, "The Minnewanla Scction of the Mississippian,"
Imperiod 0il Ltd. Calgary, Alberta, Canada.

. 1956, "Palliser Exshaw Contact," Alta Soc. Petrol. Geol.
Guidebook Sixth Ann. Field Conference pp. 56-58.

Daly, R. A., 1912, "Geology of the North Cordillera at the Forty-
Ninth Parallel," Geol. Surv. Can. Memoir 38.

Dawson, G. M., 1885, "Report on Region in the Vicinity of Bow
and Belly Rivers, Northwest Territories," Geol. Nat. Hist.
Surv. Can. Report on Progress 1882-1884.

. 1886, "Preliminary Report of the Physical and Geologic
Features of that Portion of the Rocky Mountains between
Latitudes 496° and 51° 31'," Geol. Surv. Can. Ann. Rpt.

Vol. 1, pt. B,

DeWit, R. and McLaren, D. M., 195C, "Devonian Sections in the
Roclty Mountains between Crowsnest Pass and Jasper,
Alberta," Geol. Surv. Can., Paper 50-23.

Douglas, R. J. W., 1950, "Mount Head, Alberta," Geol. Surv. Can.
Paper 50-8.

G-




wBBa

Douglas, R. J. W., 1950, "Callum Creek, Langfcrd Creek and Gap
Map-areas, Alberta," Geol, Surv. Can., Memoir 2355,

. 1953, "Carboniferous Stratigraphy in the Southern
Foothills of Alberta," Alta. Soc. Petrol. Geol. Third Ann.
I'icld Conference Guidebook, pp. 68-98.

Dowling, D. B., 1907, "Report on the Cascade Coal Basin, Alberta,”
Geol. Surv. Can. Sessional Paper 263, No. 946.

. 1914, "Geclogical Notes to Accompany lap of Sheep River
Gas and ©il Ficld," Geol. Surv. Can. Memoir 52, Geol. Ser. 42.

Fullier, J. G. C. M., 1956, "Mississcippian Rocks and 0ilficlds in
Southeastern Saskatchewan," Sask. Dept. Mincral Resources,

Report 19.

Gallup, W. B., 1851, "Geology of Turner Valley 0il and Gas Field,
Alberta, Canada," Am. Assoc. Petrol, Geeol. Bul,, Vol. 33,
pp. 797-821,

. 1955, "Pincher Creek and its Regional Implications,"
Billings Geol. Soc. Guidebook Sixth Ann. Field Conference,
pp. 150-159.

Goodman, A« J., 1945, "Limestione Reservoir Conditions in Turncr
Valley 0il Field, Alberta, Canada," Am. Assoc. Petrol.
Geol. Bul., Vol. 29, pp. 1156-1168,

Hage, C. 0., 1943, "Dyson Creck Map Arca, Alberta,” Geol. Surv.
Can. Paper 43-5.

Holland, F. D., Jr., 1952, "Stratigraphic Details of the Lower
Mississippian Rocks of Northeastern Utah and Southwestern
Montana," Am. Assoc. Petrol. Geol. Bul., Vol. 34, pp. 1697-
1735,

Hume, G. S., 1938, "The Stratigraphy and Structure of Turner
Valley, Alberta," Geol. Soc Can. Prelim. Rpt., Paper 358-7.

, 1939, "The Stratigraphy and Structure of Turner Valley,
Alberta," Geol. Soc. Can. Prelim. Rpt., Paper 398-4.

y 1940, "Overthrust Faulting and 0il Prospecting of the
Eastern Toothills of Alberta Between Bow and llighwood Rivers,!
Geol. Surv. Can. Paper 40-8.

s and Ignatieff, A., 1850, "Natural Gas Reserves of Praire
Provinces," Geol. Surv. Can. Special Report,




—66 -

Humphreys, J. T., 1955, "Del Bonita Area Southern Alberta,"
Biilings Geol. Soc. Guidebock Sixth Ann. Field Conference,
pp. 180-194,

Kendle, E. M., 1924, "Standard Palcozoic Section of Roclyy Mountains
Near Banff, Alberta,”" Pan Am. Geol., Vol. 42, pp. 113-123,

Laudon, L. R. et al, 1549 "Devonian and Mississippian Stratigraphy,
Wapiti Lake Area, British Columbia, Canada," Am. Assoc Petrol.
Geol. Bul., Vol. 33, pp. 1502-1532,

165 "Ages of Mississippian and Pennsylvanian Faunas
of Westcrn Montanaznu Adjacent Arecas," Billings Geol. Soc.
Sixth Ann. I'ield Cenference, pp. 208-210,

Link, T. A. and Moore, P. D., 1834, "Structure of Turner Valley
Gas and 0il Field, Alberta,'" Am. Assoc. Petrol. Geol, Bul.,
Vol. 18, pp. 1417-1453.

y 1953, "History of Geological of the Turner Valley
Structure and Alberta Feothills, Canada," Alberta Soc. Petrol
Geol. Third Apn. Ficld Conference Guidebuool, pp. 117-133.

MacKenzie, N. D., 1022, "The Historical and Structural Geology of ;
the Southernmost Rocky Mountains of Canada," Trans. Roy. Soc.
Can. Third Ser., Vol. 16, pp. 67-132,

MacKenzie, W. D. C., 1940, "Paleozoic Limecstones of Turner Valley,
Alberta, Canada," Am. Assoc. Petrol. Geol. Bul., Vol. 24,
np. 1620-1640.

Manr, L. T.,71952, "The Production of Elemental Sulphur from Jumping
Pound Natural Gas," Can. Inst. Min. and Met., Bul., Vol. 45, |
pDe 487-488, |

Martin, R., 1956, "The Jumping Pound Gas Field," Alta. Soc. Pctrol,.
Geol. Guidebook Sixth Ann, Fieid Conference, pp. 1205-140.

McConnell, R. G., 1887, "Report on the Geological Structure of a
portion of the Rocky Mountains," Geol. Surv. Can. Ann. Report,
New Series, Veol., 11, part D, pp. 1-41i,

Moore, P. D., 1951, "Paleozoic of Southern Plains of Alberta,"
Am. Assoc. Pet "¢l. Geol. Bul.,, Vel. 15, pp. 1141-1156.,

Mount joy, E. W., 1956, "The Exshaw Formation, Alberta," Can.
Inst. Min. and Met. Bul., Vol. 4%, pp. GJG 640,

Nordquist, J. W., 1933, "Mississippian Stratigraphy of Northern
Montana," Billings Geol. Soc. Guideboglt Fourth Ann. Ficld

Conference, pp. 68-82,




T

Raasch, C. C., 1954, "Carboniferous Section at Highwood Pass with
Correlations to Banff and Mount Head," Canadian Stratigraphic
Service Ltd. Calgary, Alberta.

o 3

Raasch, G. C., 1955, "Reinterpretation of H. H. Hall's thesis
3 ’ 3 I
(1¢52), Mississippian Stratigraphy in Southwestern Alberta
[} PE O 1
and Northwestern Montana," Canadian Strat. Serv. Ltd.
Memorandum.

« 1956, "Upper Paleozoic Section at Highwood Pass,
Alberta," Unpublished Manuscript.

Severson, J. L., 1950, "Devonian Stratigraphy, Sunwapta Pass Area,
Alberta, Canada," Am, Assoc. Petrol. Geol. Bul., Vol. 34,
pp. 1826-1849,

Shimer, H. W,, 1926, "Upper Palcozoic PFaunas of the Lake Minnewanka
Section ncar Banff, Alberta," Geol, Surv. Can. Bul., 42,

Sloss, L. L. and lambiin, R. H., 1942, "Stratigraphy and Insoluble
Residues of Madison Group (Mississippian) of Montana,"
Am. Assoc. Petrol. Geol. Bul., Vol. 26, pp. 305-335.

£a

Spreng, A. C., 1933, "Mississippian Cyclic Sedimentation, Sunwapta
Pass Area, Alberta, Canada," Am. Assoc. Petrol. Geol. Bul.,
VOl. 37, ppo 665-6890

Stearn, C. W., 1956, "Type Section of the Shunda Formaticn,"
Alberta Soc. Petrol. Geol. Jour., Vol. 4, pp. 237-239,

Warren, P. 8., 1927, "Banff Arca, Alberta," Geol. Soc. Can. Memoir
53,

——

y 1937, "Age and Subdivisions of the Rocky Mountain

Formation of the Canadian Rockies," Alberta Soc. Petrol.
L]

Geol. Jour., Vol, 4, pp. 243-248,

1056, "Age and Subdivisions of the Rocky Mountain
Formation of the Canadian Rockies," Alberta Soc. Petrol Geol.
Jour., Vol. 4, pp. 243-248,

Webb, J. B., 1951, "Geologic History of Plains of Western Canada,"
Am. Assoc. Petrol. Geol. Bul., Vol, 35 Ppe. 2291-2315,

g

Weller, J. M. et al, 1956, "Corrclation of the Mississippian
Formation of North America," Geol. Soc. Am. Bul., Vo. 39,
Dpe 91-196G.




—
=2 N
&

0, (0,

/—\
o—
.
1
&0
0©
V .
-
I/:cP
J
P
Pl

§
)
Vi
‘\4
s
oo—\j%/
o
=
| :'.3 //j
] /// N
N P
N
A
/\
(A
T
dv

.

i
W
S
il
W\

A\
.

]

LT

T

)|

-
°
=
(=]

]
i
i
H
'
.
H
'
i
i
i
i
i
‘

OF —

ERODED EDGES

-
F o 2 @ a :
« >

EEEEEEEE
NNNNNNNN
NNNNNNNN
UUUUUUUU
TTTTTTTT

MISSISSIPPIAN ISOPACHOUS MAP ‘._ AV
SHOWING , '




	1
	Research Studies Vol 4 No 6
	1
	2
	3
	Vol. 4 No. 6 Map 1


