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GEOLOGY OF THE DEL BONITA AREA, SOUTHERN ALBERTA

By Loris S. Russell

INTRODUCTION

Recont drilling near Del Bonita post office, 43 miles
south of Letﬁbridge, Alberta, has aroused interest in the oil
and gas possibilities of the district. During the ficld season
of 1936 the writer made a dotailed geological survey of the
~arce, as part of a general revision of the geology of tho
southern Alberta plains, Later, the available rccords from
the numerous borings in the vicinity were studied, and the
results obtained were incorporated with the field data to form
the basis of the present report.

The writer is indebted to Mr. J.S. Irwin, of Calgary,
for valuable information supplied during-the course of the
field work and subsequently. The Petroleum and Netural Gas
Division, Dopartment of Lands snd Mines, Alberts, also _sssistod

in various ways.
PHYSICAL FEATURES

There are no natural boundaries to mark the limits of
what is here called the Del Bonita area; the accompanying map
includes parts of tps. 1 and 2, ranges 21 and 22, W. 4th mer,
Del Bonita is situated 43 miles south of Lethbridge ond 39 miles
west of Milk River. To the south lies the state of Montana.
Access to the area is by the Boundary trail, either west from
Milk River, or east from Cardston. This road is joined by
another from the north, giving access from Lethbridge, via
Magrath. These are well-graded dirt roads. In addition, most
of the road allowances and parts of the prairie cen be traversed

by car. The nearest railway station is Whisky Gap, 11 miles west.
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The arce is traversed from west to east by the North
breneh of Milk river, which carries irrigatiofil Water during tho
sumer months, and is fordable with difficulty at that time.
The river valley is not morc than 150 fcet deep in most placcs,
but the land rises fo the north toward Milk River ridgo, and
to the south toward the Intornational Boundary, so that the
surfacce varies in elevation from 3,900 to 4,400 fect above soca-
lovel., South of the river, and parallel to iﬂ, is Shanks coulcec,
.whiéh drains into Shanks laoke, a large body of wator witﬁout
dircet outlet. In the southocastern corner of the urgﬁ there is
a large valley draining southward into Montana. The surface of
the area is open prairic.

Outorops occur abundantly along parts of Milk River
valley, but arc scarce in other parts of the valley, espocially
where the underlying formation is the Bearpaw. Outside of the
valley there are only a fow outerops, as in the uppor part of

Shanks coulée, and in the southeastern oormer of _tho-arca.
STRATIGRAPHY

The following notes on the geol&gical formations aroc
intended to apply particularly to the Del Bonita area, unless
otherwise stated.

Madison, The Palacozoic limestone was penctrated by
both of the deep wells drilled in the area. The top of the
formation was encountered at about 5,020 fect in the Terminal
well, and at about 5,210 f;et ;n the Sunshine well, In tho
Terminel well the samples from the Madison consist of very pale
groy limestone, with some da¥k, slightly calcareous shale. Those
from the Sunshine well are pale grey, cherty limestone and chert,

with abundant dark grey shale, probebly cavings from above.
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Summary of Stratigraphical Succossion in the Del Bonita Area

Age

Formation

—

Description

m—— - s 2 bim —

Uppor
Cretaceous

St. Mary River

- fo =

Alternating sendstonc and shale;
freshwater fossils; 1,000 feet
or more in thickness,

Blood Reserve

Massiveo, buff sandstone, 135
to 160 feet thick.

Bearpaw

Dark groy shale, with bentonite
bands; marine fogsils; 616 feet
or morc in thicknoss.

Belly River

Carbonaceous at top; upper
part light greonish grey sand-
stone and clay; lower beds
sombre, with carbonaceocus
zones; probably about 1,200
feet thick,

Pakowki

Dark grey shale, with some
sandstone; probably 130 fect
or.less in thickness.,

Milk River

Sandstone and shale; probably |
ebout 650 feet thick.

Alberta

Dark grey shale, with some
sandstone in lower part; about
1,800 feet thick,

Lowoer
Creteceous

Bleirmore and
(?) Kootenay

e e s . e S - ]

Dark grey, greenish, and
reddish shale, with somec sand-
stone, espcecially in lower
part; 600 fecet or less in
thicknoss.

Jurassic

Ellis

Dark grey shale, in part
calcareous, with occasional
sandstone; about 200 feet
thick, '

Carboniferous

Madison

-

Light grey limestone and
chert, with some calcareous
shales thickness not determined,
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Ellis. In thc Sunshins woell tho soction from 4,986
to 5,210 feet, that is, 224 fcot of beds, is assigned to the
Ellis, The semples from this interval consist of dark grey
shale, in part calcarcous. From 5,065 to 5,176 feet there is
a large amount of pale greoy, chalk-like, calcarcous shale. Tho
remaining 34 feet in the lower part of the Ellis is mostly non-
celoereous, The samgles from the Terminal woll are difficult
to interpret. Mr. R.M.S. Owen,l formerly of the Pebtroleum and
Natural Gas Division, Department of Lands and Mines, Alperta,
placed the top of tho Eilis at 4,840 feet, which Woulé give a
thicknoss of 180 feet for the formation. The writer can ncither
confirm this interpretation nor offer a bectter ons,

Bleirmore and (?) Kootenay. The identification of

Lower Cretaccous strata in the woll logs from southorn Alberta
is usually based upon the presence of reddish and groenish
. shale. In ‘the samples from rotary wells, unfortunately, this is
liable to be masked by inclusion of material from above. Thus,
in the Sunshine samples, red shale doos not become conspicuous
until about 4,750 feet. This would lcave only 236 foet of
Lower Cre‘cacequs beds, apparcntly ar inadequate figure. From
4,750 to 4,922 feet the predominant material in the samplos is
dark grey shale; %rom 4,922 to 4,943 feet red shale is very
abundant; from 4,943 to 4,978 feet a light grey shale
predominates; from 4,978 to 4,986 feet there is a medium~-grained,
"pepper-end-salt” sandstone, evidently the basal or "Sunburst"
sand, as it is followed below by darker shale of the Ellis type. .
In the Terminal semples Tthe limits of the Lower
Cretaceous beds are even more é¢ifficult to establish. Owon
assigned the strata from 4,230 to 4,840 feet to the Blairmore

and Kootenay giving & thickness of 610 feet, which agrees well

- - - G e s B

1 Unpublished log, Petrol. end Nat. Gas Div., Dept. of Lands
and Mines, Alberta.
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with the thicknoss obtained in wells adjacent to the Dol Bonita
district.

Alberta ("Benton", "Colorado"). This formation

consists predominantly of dark grey shalo, with some sandstonec,
ospocinlly in tho lower part (Blacklecef member). Owan™ has
récorded the occurrence of a zone of shale with rusty spocks
about 480 feet above the base. In the Terminal well the top
of this formation lies at about 2,400 fect, and the base,
according to Owen, at 4,230 feet, giving an approximete
thicknoss of 1,830 feot, The Sunshinc well encountered the
red speck zone at 4,100 fecet, and if this is the samo horizon
as in the Terminal well, the top of the Alberte should he about
2,750 fect, and the base mbout 4,580 feet. The samples
exemined by the writer do not show important lithological
changes near either of these depths., In wells adjacont to
the Del Bonita area the Alberta shale rangos from 1,867 fect
(Spring Coulée) to 1,780 feet (Twin River No. 2) in thickness.
Milk River. The formations botween the Alberta shale
and the Bearpaw would be difficult to differentiate in this
district, even in good scctions, as the marinc Pakowki beds
disappear a sﬁgrt distance west of here. In the Terminal well
the writer would assign the beds from 1,750 to 2,400 feet to
the Milk River formation, giving it a thickness of 650 feoet,
These beds consist of sandstones and shales, witih no conspicuous
basal sandstone that could be identified as the Lower Milk River,
In the Spring Coulde well 530 foot of sandstone and shale are
placed in the Milk River forma‘bion.2
Pakowki., - In the Terminel well section there arc 130
feoet of beds, between 1,620 and 1,750 feet in depth, which consist
principally of dark grey shale. These may be the local equivalenf

of the Pakowki. In the Spring Coulée woll? only 40 foot of

1 Unpublished logs.

2 Hume, G.S.: Geol. Surv., Canada, Ec. Geol. Ser. No. 5, 2nd ed,,
p. 176 (1933). )



carbonacoous shale were assigned to this formatlon. In the
Twin River well No. 1l-somo 70 foet of grey shale were
olassified as Pakowki.

Belly River. As shown by the two Del Bonite well
logs, this'formation consists of pale groy, clayey sandstone,
commonly with black specks, and light grey and groenish grey
shale. Dark, carbonaceous shale, and coal, occur at intervals.
In the Terminal well section the beds from 1,420 tb 1,620 feot
carry a larée proportion of carbonsocous shﬁle, and may
roproesent the Foremost membor. At the surféce, outerops of
"Pale" beds, or upper Belly River, may be seen in Milk River
valley from sec. 3, tp. 2, range 21; W. 4th mer,, to some
distance ecast of the Del Bonita area. The beds are principally
light greenish grey cleys and sandstones. Toward the top of the
formation lenticular beds of hard, massive, buff and groy-buff
sandstone appear, forming conspicuous ledges. In ls. 14, sec. 3,
tp. 2, range 21, tho Lethbridge coal zone is well exposed. As
this is the most important key horizon in the distriect, the
scction exposed here is given in detail.

Section at Boarpaw-Belly River contact, Left Side Milk

River, 1s. 14, sec. 3, tp. 2, range 21,
W, 4th mer,

Fact

Shale, d;rk grey, rusty weathering, friable .............. 5.4
Bearpaw~Bolly River contact

Clay-ironstone, moderately hard, rusty brown ....ecceeeeee 0.9
Shale, s;ndy, dark grey-brown, coarsely friable «eeescce.e 242
Shale, with beds of crushed fossils; Corbicula Sp. seees.e 08
Shale, dark grey, rusty weathering, friable .ec.eceesesess 11.6
Sendstone, fine grained, hard .ceevececeecccisccseonsesess 0.2

Shale, d—ark grey’ hard, friable 0 0 0802 0B OGO O OESSOEDPD SISO RS l.o

-

1 Hume, G.S.: op. cit., p. 182,
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Feet

Sandstone, very argillaccous, concrctionary at top, and

with bontonite streak ab base .iivieiiverieeeriersencens 18
Shale, dark grey, somewhat aronaccous, becoming pro=

gressively morc carbonacoous BClow seeeecevisrcsecersasss 149
Shalc, very dark grey, very carbonaccous ......;............. 2.0
Sond, bentonitic, groy=groch ceeesescresscseossscasasaencases 0.1
Sendstone, light groy snd buff, streaked, argillaccous,

partly maessive, partly fincly laminatod .eeiseccescrscens 3f9
Shale, dark grey, arcnaccous, £issile .c.eseeresssscosccicacse 246
Sandstone, light grey-buff, platy, argillaceous, witﬁ

shaly ond carbonecoous SETeaKS seeseessescsssessssasssens 204
Shale, grey eand dark groy, hard, fissile, arenaccous, with

thin bands of sandstone L R R PR R R R TR 7.1

River-level.

Bearpaw. Although this formation underlics much of the
Del Bonita arca, it is largely concealed. The basal beds have
been described above. The top may be seecn at several points
along Milk river, in sces. 2, 3, and 4, tp. 2, range 22. in
interesting outerop occurs on the right side of ‘the rivcr, in
ls. 7, sec. 3. Here typical Bearpaw beds are exposed, consisting
of dark grey shale, with concretionary layors, and.threo bands of
bentonite. These beds are necar fhe top of the formation. The
Bearpaw has been penctrated by most of the test holos drilled in
tho aresa, and is an important formation to the tesh drilloer.
The following section, basod on test hole records, is largely
taken from the compilations of J.S. Irwin, as the actual

samples are available to the writer only in part.
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Composite Section of the Bearpaw Formation in the Del Bonita

arca, compiled from test hole records

Shale, sandy, bocoming progressively 10SS SO seeveescsscssss
Shale, dark grey, with coneretions and occasional
bentonite bands seesescessctocecosssccssoscossssscnsconse
Shale, dark grey, slightly arcenaceous, with numerous
bentonite bands (idontified by Irwin as the Kipp member).
Bonbonite seeeeecrccrsorsectrotncsstoscrsonrconrcctrsnnianns
Shale, dark groy, with concretions and béntonite bands;
slightly arcnaceous in Places ceeeecicesscsseorcosnsasansne
Benfonite A
Shale seveascsscrsosssasosssosnssassscossssscnsosassncanansss
Bonbonite seeeeecscncoscescaarearscsosncnrsrsconccssnnsccccas
Shale, with coneretions and occasional bentonite bands .eeee
Shale, aronaceoﬁs, fossiliferous, with onc or more bentonite
beds ncar middle (identified by Irwin as the Megrath
TIOTHDEOE ] o o or i 0 o958 260 0150 0 o« n 8 0l¥T6 06 a6 556 0 0 0 0 g &0 oibgis oin aFio Bo R
Shale, dark grey, slightly arenaccous, with occesional
bentonite bands sviveevrecsssccssscanesseccene svesieecuas
Shale, dark grey, with several bentonite bands siescececsions
Shale, dark grey, with bentonite band near base seecescesess

Bearpaw-~Belly River contact.

D oy vy

Feeot

15

1230

43

20,7

160
14

31

Tobal thickness of the Bearpew formetion in the above

1

scction is approximately 616 feet. Irwin™ has determined the

thickness as 645 feet, the differcnce being due to a different,

and possibly correct, interpretation of the horizons in the zone

of the "Kipp" member. It may be.possible to settle this matter

by a study of the microfossils, which occur abundantly at

certain horizons in the Bearpaw beds. In any case, there is no ¢

1
Unpublished logs.
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doubt that the formetion is comnsiderably thinnor in the Del
Bonita arca than in the Lethbridge distriect.

Blood Roserve ("Fox Hills"). This formation is now

mown to be older than the truc Fox Hills of the United States.
In tho Dol Bonite area the Blood Reserve is well exposed along
Milk River valley. It consists of massive sandstono,‘gréy to
yellowish iﬁ colour, with indurated masses of irregular
distribution. The outcrops of this formation commonly wcather
into castellated forms. Toward the base the san&stone becomes
less massive and more aronaccous, and passes over to the
underlying Bearpaw by a zone of transitional beds. At the top
there may or may not be an indurated layer. The thickness of
the Blood Rescrve may be measured in the southwest quarter of
scc. 31, tp. 1, range 21, where the top and thc‘approximate
basc arc exposed. The writer's measurcmonts hore give a
thickness of about 115 feet. Farther west, .in 1ls. 10, scec. 2,
tp. 2, range 22, the exact basc and the probeblec top arc cxposed. -
Vortical distance between them is 135 feet., To the south a
determination of the thickness may be obtained from Parco test
hole No. Al, in 1ls. 3, scc. 14, tp. 1, range 22, wherc about
160 feet of the sandstone was penetrated. The formation
continues to thicken southward, and in Glacier county, Montana,
where 1t is known as the Horsethiof sandstone, as much as 375
feot are recordcd.1

St. Mary River. This formation, the youngest in the

area, consists of alternating sandstone and shale; individual
beds show great lateral variability. it is not important to
tho present discussion, as it is unlikely to be represented in
woll logs here. However, the basal zonc is of interost, as it
contains beds of lignite and fossil shells, which might serve

as horizon markers.

Istebinger, E.: U.S. Geol. Surv., Bull. 621, p. 124 (1916).
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STRUCTURE

The structurc of the Del Bonita arce (See accompanying
mep) consists of an anticline and synclino, plunging to tho
northwest. The existence of such a structure can be demonstrated
from the surfacc outcrops alons. Following the coursc of Milk
river, the Blood Reserve sandstone first appears in the north-
west quarter of sec. 28, tp. 1, renge 22. The beds rise rapidly
downstreamn, éhen assume an epproximately uwniform clevation to
sec. 4, tp. 2, range 22. Here, as the river swings easfward,
the westerly dip again beoomes apparent, and Bearpsw shale
appears noar river-level. The northwesterly plunge is shown by
lower olevations of horizons on the north bank than on the south,
In sections 3 and 2 the riveor is following approximately along
strike, as shown by elevations on the top and base of the Blood
Reserve sandstone. The next group of abundant outcrops occurs
in sec. 31, tp. 1, range 21, where the Bloo@ Reserve beds-are
scen to be dipping to the northeast. North of herc, on the
north bank of the river, thore is a small outerop of upper
Bearpaw beds, which occurrcence gives some evidence on the
northward plunge. No additional outerops occur for some
distance downstream, but in the northwest quarter of sec. 29,
tp. 1, range 21, the basal Blood Reserve end upper Bearpaw beds
are expésea.in road cutbings. Between secs. 6 and 3, tp. 2,
range 21, ou%crops ére absent, but the beds must be rising
rapidly here, as the Bearpaw-Belly River contact is exposed in
1s, 14, sec. 3, dipping to the southwest. From here the Belly
River beds are exposed intermittently to beyond the margin of
the area, and show pérsistent southwesterly dips.

Three small outerops of Blood Reserve sandstone occur
in Shanks coulée, southwest quarter of sec. 14, tp. 1, range 22.
These show westerly dips., Test drilling here indicates that the

exposed beds are near the top of the formation.



~11=-.

Numerous test holes in the arca permit- the structural
rattern to be filled in with some dotail. Nordon toest holecs
Nos. 1, 2, and 3, in secc. 25, tp. 1, rangc 22, all begin in the
Bearpaw, showing that the axis of the anticline passes through
this vicinity. The westorly limb of the anticline may be plotted
from the test holes along Shanks coulés, Parco A3, A7, 4l, and A2,
Compar ison of this series with the Nordon holes gives the plunge
of the structurc north of Shanks coulée. To the southeast there
is a series of test holcs extending to the International Boundary.
These give a good picturc of the crest of the anticline. The
fact that the key horizons maintain approximately the same
elevations in Parco test holes A3, A4, Al2, A5; and A6, indicates
a terraco-like charactor for thoe crest of the anticline here,
Closoc to the International Boundary the axis of the fold bogins
to rise rapidly again, as shown by test holas A9 end All.

The details of the synclinal fold to the cast are
hypothetical, although therc is no doubt of its existonce. Test
hole A8 is situated on its wostern limb. In ls. 15, sec. 9,
tp. 1, range 21, a road cut cxposcs some Boarpew beds which
appear to include the transition zonc to the Blood Roesorve
sandstone. If so, this outerop must be very ncar the axis of
the syncline.

OIL AND GAS POSSIBILITIES

The first well drilled in the area was the Terminal
0il Compeny Del Bonita No., 1, commonly called the Terminal well,
which is situated in 1s, 15, sec. 18, tp. 1, range 21, W. 4th
mer,, at an clevation of 4,190 fect., This well was bogun in
November 1934, and completed during 1936. The drilling reports
record 500,000 cubic feet of gas, with some naphtha, at 5,025
to 5,030 feet, This is in the top of the Madison limestone. An
attempt was made to tap the Suvburst sand by meens of explosives,

but satisficlory scovlts were not obtained.
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Tho sccond wecll, drilled by the Sunshinc 0il Compony,
is loecated in 1s. 10, scc. 19, tp. 1, range 21, W, 4th mer., or
about onc mile north of the Terminal well. Ground olcvation
here is 4,272 fee#. This well was begun in June 1936, and had
rcached the Madison limestone by Decomber. At the time of
writing, a commercial production of il from a depth of 5,252
foet is reported. According to the writer's determinations,
this dopth is about 42 fcet bolow the top of the Madison limostone.

The writer1

has recently pointed out that most of the
folds benecath tho southern Alberta plains plunge toward the north,
and this is not favourable for the acecumulation of petrolecum, but
therc are other factors which may modify the effect of tho plunge.
The most important of thesc in the Del Bonita area is the terrace
that apparently oxists along the crest of the anticline in
scctions 5, 7, 8, and 18, and which may serve to retard the southe-
ward migration of oil and gas.. It is known, for example, that oil
occurs in a terrace structuro.without southern closure in the Red
Coulde field.2 Some knowledge of the southward extonsion of the
Del Bonita fold into Montana would be valuable, but this probably
could be obtained only by test drilling.

Teking into account the character of the Decl Bonita
anticline, as described above, as well as the reported succoss
of the Suashine well, it is recommonded that further exploration

for petroleum be conducted in the Del Bonita arsa.

1 can. Min. and Met. Bull., No. 299, p. 194 (1937).

& Evans, C.S.: Gecol. Surv., Canada, Sum, Rept. 1930, pt. B,
pp. 22-24,
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