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ABSTRACT

The IMC KS and Sylvite potash shafts were constructed between the

years 1963 and 1970 on the east side of the northern Williston Basin.

The Geological Survey of Canada maintained an observer at each site

who noted and, where possible, photographed structural and stratigraphic
features in the shaft wall and collected fossil and rock specimens.

Fossil locations and details of the lithologies are presented in the geological
log, and are related to the geophysical curves in graphic profiles of the
shafts. All photographs are listed with accession numbers and a few are
reproduced in this report.

A brief geological summary notes some prominent features of the stratigraphy
of the area. Most prominent is a southward-oriented salient of Jurassic
nonmarine sand overlying a nearby structural ridge and encountered in the shafts
as a Jurassic quicksand, which during construction was mistaken for the
ubiquitous water-bearing Cretaceous "Blairmore" sand.

Overlying Cretaceous fluvio-deltaic beds are in consequence relatively
thin, with an erosional unconformity at their top that marks the beginning
of a remarkably complete sequence of transgressive, barrier island sediments
deposited in the advancing Albian epeiric sea.

Fischer assays for oil content were run, based on a systematic sampling
of the petroliferous Upper Cretaceous ''white speckled'" shale and adjacent
barren shales. A gas chromatography study of the same oil shales (Boyne
and Favel formations) was expanded to embrace a larger interval, and included

Lower Cretaceous rocks (to the base of the Joli Fou Formation)
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Notes on thgﬂStratigr ﬁﬁy of the International Minerals and ChemicaliKZ Shaft)
£
andkSylvit%Kzo. 2 Shaft é% the Esterhazy - Rocanville Area,

Southeastern Saskatchewan

During the sinking of the IMC K2 Shaft, constructed substantially
throughout the years 1964 to 1966, the Geological Survey of Canada maintained
an observer (Wolfgang Wiens) on the sitg)who noted anq)where possible,
photographe%/ salient features of the stratigraphy of the shaft wall and
collected fossils and rock specimens from the excavated material., Mr. Wiens
was supported for a part of his tenure by funds and material from the
Saskatchewan Department of Mineral Resources. C.E. Wright carried out
the same work at the Sylvite shaft site from 1968 to 1970. This site has now

Aeen 75&@ ovey 4

b@eﬁ@e the Saskatchewan Potash Corporation, Rocanville Division.

The Geological Survey owes a debt of gratitude taf%nternational
Minerals and Chemical Company and to the Sylvite Company of Canadq,anditheir
contractors and personnel for assistance and use of facilities. In particular,
they are grateful to IMC, who were the first to extend the privilege of
going into the shaft during construction..

IMC K2 Shaft is located in 1sd. 7, sec. 27, tp. 19, rge. 32, WPM,

16 km due east of the town of Esterhazy; Sylvite No. 2 Shaft lies in

1sd. 12,bsec. 22, tp. 17, rge. 30, WPM, 158 m (520 ft.) south of the No. 1

Shaft which was constructed simultaneously and on the same site. The Sylvite

site is 30 km (18 mi)southeast oka2 Shaft and 16 km northeast of Rocanville
A&éf /f;wnsite.kfiMC K1 Shaft, constructed several years earlier, 9.6 km (6 mi)

to the northeast of K2, constitutes a third and separate shaft site within

the area. Geographic locations are shown in Figure 1.
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Samples and fossil specimens were taken largely from freshly excavated
material in the dump an%)at Sylvite)much sampling was done at the headframe

before material was dumped. All sampling was corroborated by direct daily
L : Uéf'@flml'h:}
inspection of the shaft wall. Lithologiézsamples @%2{;n to twenty pounds/from

‘ each
each shaft were split three ways, one complete setAfor deposit with

oF (&quﬂ)
the Geological SurveyAat ISPG Calgarﬂg)the University of Saskatchewan at

QAER -

Saskaﬂxné?and the Department of Mineral Resources, Regina. Fossils are
curated with the Geological Survey, in Ottawa and Calgary. Reports on collections
from the various intervals have been made by A.W. Norris, E.W. Bamber, A.C. Higgins,
J.A. Jeletzky, A.E.H. Pedder and T.T. Uyeno of the Geological Survey.

Photography was with Kodachrome II diapositive film with black and white

working prints, stored at ISPG, Calgary. Titles are given in Appendix III.




The lithologic logs are compiled from notes on observations of the
freshly exposed rock, preliminary microscopic examination of excavated material
at the shaft site and further examination at Calgary. The carbonéte classi-
fication used on the logs follows Leighton and Pendexter (1962). The following
notes outline a few stratigraphic features unique to the area that are
demonstrated in the IMC K2 and Sylvite shafts.

The tectonic setting of the Esterhazy - Rocanville area (Fig. 1) places
the IMC K2 and Sylvite shafts in the eastern side of Williston Basin, 240km
(150 miles) from the eroded present eastern margin and 280km (180 miles) east
of the central axis.

A north-south trending structure appears on the southwest-sloping sub-
Mesozoic surface just east of the Saskatchewan - Manitoba border in the form
of a broad ridge and valley. The Esterhazy - Rocanville shaft area lies
within 15 km to the west of the axis of the ridge. The structure
is reflécted in sediments of Mississippian, Jufassic, and part of Lower
Cretaceous time. It probably conforms to the present configuration of the
eastern solution edge of the Elk Point Evaporite whether by cause or effect,

or both.

DEVONIAN
Dawson Bay Formation
At Sylvite the Dawson Bay Formation is 46 m (150 ft) thick, displaying
the prominent argillaceous limestone with thamnoporoid corals and stromato-
poroids that is typical of the Dawson Bay and its equivalents. The limestone

is less "bituminous! and lighter-coloured than in some occurrencesand some




stromatoporoids in higher, calcarenitic beds are nucleated by thamnoporoids.

The calcarenites and some associated dolomites are porous. In the Esterhazy

area the Dawson Bay section is much less argillaceous, ranging from calcarenites

to finely sucrose dolomite, some with very high porosity and permability...
Fossils collected from various parts of the Dawson Bay, from the Cominco

and Duval in the Saskatoon area, as well as at the Sylvite shafts, were

examined by A.E.H. Pedder, whose observations follow:

Many elements in these faunas, particularly among the species of
Moravophyllum?, Temnophyllum?, Cylindrophyllum and Stringocapﬁalus,
indicate a Givetian age. The occurrence of Cylindrophyllum points
to a faunal link with the mid continent region in Givetian (Hamilton)
time, while the species of Temnophyllum and Striﬁgocephalus are
of Cordilleran affinities. Rather surprisingly faunas from the
subsurface Dawson Bay Formation of Saskatchewan have more in common
with Ramparts and Sulphur Point faunas of the Mackenzie River region
than with those of the Dawson Bay Formation of the Manitoba outcrop
area.

Souris River Formation
Member
The equivalent of the Davidsonfin the area passes upward through time from
a carbonate sequence to an increasing series of mudstone - carbonate - evaporite
cycles. Like those of the underlying Dawson Bay, the lower carbonates of the
Davidson are;gglomitic and porous at Esterhazy, becoming argillaceous and
calcareous southeastward toward Rocanville. Anhydrites predominate in the

lower part of the Harris Member, changing upward to carbonates in both shafts.



As in the lower units, the Harris carbonates, too, are markedly more
argillaceous southeastward, toward Rocanville, than at Esterhazy, where

the corresponding section is dolomitized and porous. Unlike the lower units,
however, there is no discernible lateral trend in the argillaceous content or
porosity of the carbonates of the Hatfield Member, but cyclic repetitions of
evaporites at the base of the Hatfield continue later in the sequence at
Esterhazy.

A.E.H. Pedder examined fossils from near the top of the Harris Member in
the Sylvite Shaft, along with collections from the Saskatoon - Lanigan area.
His comments on palaeontology follow:

Fostrophalosia sp, "'Atrypa" cf. oneidensis and Allanaria allani

(broad sense), which occur abundantly in some of the Souris River

collections, are highly characteristic of the Waterways Formation of

Alberta and its various correlatives. The Waterways fauna has long

been recognized in the Snyder Creek Formation of Missouri and is now

known in the west, from Powell Creek, near Norman Wells, to as far south as

yrthe idaho-Utah bofdé;th} Paleont. vol. 39, p. 21). - | |

vol. 39, p. 21).

A.W. Norris, who examined a collection from the same zone in the IMC shaft,
notes correlation with the Moberly Member of the Waterways Formation and

indicates an early Late Devonian (early Frasnian) age.

Duperow Formation

The four subdivision units of Dunn (Sask. Geol. Surv. Rept. #179) are
shown on the IMC log along with the equivalents of the formal members of

the Duperow recognized by Kent (Sask. Dept. Min. Res. Rept. #73) in southwestern




Saskatchewan. Thickness (169 m, or 555 ft) in IMC, and lithology vary only
slightly between the Duperow Formation at Esterhazy and that at Rocanville.
In the lower two-thirds of the Wymark Member, argillaceous content appears
to be slightly higher toward the southeast site, although it should be noted
that the difference is less pronounced than the draughting of the logs would
indicate. Fossiliferous zones from a 33 m section in the lower part of the
Duperow equivalent, including the Saskatoon, Elstow and basal part of the
Wymark members were examined by A.E.H. Pedder, who noted correlat;on with
a number of horizons of Frasnian age:
Faunas from low in the Duperow Formation in the Sylvite
St. Marthe #2 shaft (GSC Locs. to C-6562 to C-6564) carry .Jieocolommaria? sp
and Allanaria ex gr. minutilla. These suggest correlation with the
lower part of the upper member of the Hollebeke Formation of the
southern Alberta Rocky Mountains (Bull. Can. Petrol. Geol., vol. 12,

pp. 430-436) and with the Maligne Formation of the central Alberta

. NOV.

Rocky Mountains. Higher Duperow faunas of the ElstowJ(GSC Locs. C-6537, t-6538}

and Wymark Members (CSC Loc. C-6538) include fucrospirifer reidfordi (broad

senséjGSC Locs. C-6537, C-6538, which suggests correlation with the upper beds

of the upper member of the Hollebeke Formation and with part of the

Héy River Formation (base of outcrop) of southern District of Mackenzie.
A.W. Norris examined a poorer, but longer-ranging collection from the IMC
Shaft, including the Elstow, Wymark and Seward members, to within 15 m
(50 ft) of the top of the formation, assigning an ;early Late Devonian (mid

Frasnian) age.
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Birdbear Formation

The Birdbear Formation is 146 m (150%) thick at IMC No. 2 Shaft,
reduced to 33 m, or 100 feet at Sylvite, apparently through erosional thinning.
At IMC the formation embraces a lower carbonate unit overlain by an anhydrite-
carbonate unit containing dark brown "bituminous' partings and organic matter
in the lewer part. At Sylite the '"bituminous' equivalent of the lower part
of the anhydrite - carbonate unit contains very little evaporite.

Fossils were collected from the lower unit in both shafts.

Collections from the IMC Shaft were examined by A.W. Norris who noted
an early Late Devonian, Late Frasnian age. Collections from the Sylvite

Shaft, submitted to A.E.H. Pedder indicated a similar age.

Torcuay Formation
In the Sylvite Shaft the Torquay Formation is represented by 38 m of
varicoloured yellow, red and green mudstone, largely dolomitic, with
nunerous intraformational breccias; a similar lithology, 3 m thicker occurs
at IMC. Fossils from the Torquay Formation wére confined to a single

indeterminate fish plate.

MISSISSIPPIAN

Mississippian strata are represented in the Esterhazy - Rocanville
area by the thin basal Bakken Formation of lower and upper shale members separated
by a medial sandstone, and overlying crinoidal carbonate. Aggregate thickness
ranges from 79 m (258') at IMC, to 70 m (231') at Sylvite. The purplish pink
lower shale, only 76 cm (2.5') thick at IMC, is missing at Sylvite through
erosion beneath an unconformity within the medial sand (Christopher 1961, Fig. 27
p. 60). Thickness of the glauconitic medial sand and siltstone is also reduced

at Sylvite by removal of the lower part of the sand beneath the unconformity.



Thickness of the overlying argillaceous carbonate is similarly limited
by weathering beneath the sub-Jurassic unconformity in both shafts. The rocks
have a purplish pink to grey and green cast, contain brachiopods, conodonts,
and abundant crinoid fragments. A highly glauconitic zone within about 10 m
or less of the base of the Souris Valley carbonate in the shafts is recognizable
across much of the northern Williston Basin, the glauconite seen as replacement

material in crinoid fragments.

Collections from the IMC No. 2 Shaft containing determinate fos;ils,
according to E.W. Bamber are middle Tournaisian in age. A silicified fauna
collected from the glauconitized crinoidal zone 9 m above the base of the
Souris Valley argillaceous carbonate at Rocanville was examined by A.E.H. Pedder

whose fossil lists and comments follow:

Depth(rt) ’ Fauna ’ GSC Locality
1655~1660 Palaeacis sp. undet.

Souris Valley Fm. Cladochonus sp. undet.

9 m above base Metriophyllum sp. undet.

Cyathaxonia sp. undet.
Allotropiophyllum sp. undet.
Amplexizaphrentis sp. undet.
"Crania sp. undet.
Rhipidomella sp. undet.
Rugosochonetes? sp. undet.
Productina sp. undet.
Ambocoelia sp. undet.
Brachythyris? sp. undet.
Bellerophon sp. undet.
bivalves, not studied
trilobite pygidium, not studied
age: early to middle Tournaisian




- 8a -

According to Uyeno the conodont sample would be diagnostic of a middle

Tournaisian age for these beds. His faunal list and comments follow:
Depth(ft) Fauna GSC Locality

1655-1600 Siphonodella obsoleta Hass C-6548
Souris Valley, Formation Polygnathus longiposticus
9 m .above base ' Branson & Mehl

P. inormatus inornatus Branson

P. symmetricus Branson

P. communis communis Branson

& Mehl
P. communis communig>P. communis

carinus Hass
Spathognathodus abnormis (Branson
§ Mehl)
S. macer (Branson & Mehl)
Elictognathus laceratus (Branson
& Mehl)
age: Tournaisian (Tnz)
very probably Siphonodella
lobata-S. crenulata Zone of
Thompson & Fellows (1970),
equivalent to Lower Siphonodella
erenulata Zone of Sandberg
& Klapper (1967).
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Most of the species listed above are restricted to the Kinderhook, with
Spathognathodus abnormis restricted to the zone mentioned above. This zone
is equivalent, at least in part, to the Siphonodella-Polygnathus inornatus
Zone of Rhodes, et al. (1969) of the British Avonian sequence, and to the
lower part of the Pericyclus-Stufe (culla) (Voges, 1959) of Germany.

Klapper (1966), Sandberg and Klapper (1967), and Macqueen and Sandberg
(1970) reported an equivalent of this zone from the basal Lodgepole Limestone
of Montana. Correlation chart of Macqueen and Sandberg (ibid., Fig. 4) also
shows the lower part of Banff Formation as belonging to this zone.

The faunule is possibly assignable to Baxter's (1969) subzone I-A which
occurs in the lower part of the Middle Member of the Banff Formation of
southern Rockies. A further systematic study of the conodonts of the Mississippian
section has been initiated by A.C. Higgins, of which a preliminary report appears
in Appendix IV
Jurassic

The Jurassic sequence of the northern Williston Basin extends 160 km
eastward of the shaft area, but a large reentrant appears in the northern
limit of marine Jurassic rocks in the vicinity of the broad ridge, of the north-south
north-south Manitoba-Saskatchewan "boundary structure'. The nonmarine
equivalent of the Jurassic units was discovered in all three shaft sites
within the reentrant area during the course of the project, beginning with
the collection in 1960 of ammonites at a depth of 1313 feet from overlying silty,
marginal marine beds in the IMC K1 Shaft including Kepplerlites cf. K Rockymontanus
Imlay (Frebold, 1964, p. 25). The fossiliferous zone is only 41 feet (12.5 m)
below the top of the Cantuar beds and overlies 144 feet (44 m) of largely nonmarine
Jurassic claystone and arenaceous beds including the troublesome quicksand customarily

assigned to the Cretaceous Mannville or "Blairmore'.
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At K2 Shaft 9.3 km (5.8 miles) southeast of K1, the fossiliferous top-
most beds are missing and the Jurassic is reduced to 27 m (89 ft) in thickness,
and at Sylvite, 30 km (18.6 miles) farther southeast, the sandy Jurassic beds
also are 27 m thick although the log shows includes 13.7 m (45 £t} of underlying
clay and detritus within the Jurassicrsequence (the clay at Sylvite also
differs from sand above in direction and amplitude of dip). The change laterally is
remarkably sharp from the arenaceous shoreline facies in K1 Shaft to the
complete argillaceous marine Jurassic section cored 4.8 m (3 miles) to
the northeast, in the IMC Yarbo No. 23 well (in Isd. 5, sec. 22, tp. 20,
rge. 33, WPM) which also yielded the ammonite species found in K1 Shaft.

A deltaic interpretation of the Jurassic arenaceous area is indicated by
the geographic outline and the implied valley in the eroded surface of
Paleozoic rocks, however a further look at the details of sedimentary
structure is necessary to distinguish between fluvial progradation and

simple offshore shoaling against a topographic high.

Lower Cretaceous

Lower Cretaceous Cantaur rocks are thin to absent over parts of the
eastern structural high; the thinning trend is evident in the Esterhazy
- Rocanville area where thickness is only 24 m compared with an average of
90 m farther west.

From the scoured upper surface of the Cantuar and the base of the Pense,
to lower Joli Formation the rocks represent a classic transgressive
sequence from alluvial plain to marine facies. The sequence of environments
proceeds from eroded foreland through foreshore lagoon and swamp vegetative
barrier island, intertidal to subtidal shoreface, breaker (Fig. 7) and

shoaling zones, and wave base to shallow marine. The transgressive sequence,
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best illustrated in the K2 Shaft, is identified over a distance of 500
km, from the Swift Current area where the twin carbonaceous beds of the
Cantuar Marker were first described by Cummings and Francis (1956), to
the vicinity of Swan River, where carbonaceous beds of the basal Pense
outcrop at the northeastern erosional limit on the Manitoba escarpment.

Upper Cretaceous

Favel Formation



Favel Formation

The Favel Formation, with numerous bentonite beds and some
limestone lenses, is 29,3 m thick at the Rocanville site, 25% thicker
than the 23.8 m (781 feet) thickness at IMC k2 Shaft. The Favel thickens
again, 25.9 m, or 85 feet at IMC k1 Shaft, 9.6 km, or six miles to the
northwest. Fossils from the Favel are generally poorly preserved, except
for the interval 837 feet at IMC k2 and 822 to 831 feet in the sylvite

No. 2 Shaft in which Jeletzky identified Inoceramus labiatus Schlotheim,

indicating the Lower Tournaisian Inoceramus labiatus zone of the lower

(Keld) part of the Favel Formation.

Vermilion River Formation

Morden Member

The Morden beds thicken slightly from 14.3 m to 15.5 m 29 km
(18 miles) between Sylvite and IMC k2 Shaft. They thicken more rapidly
between IMC k2 and the k1 Shaft, 9.6 km (6 miles) farther northwestward.
The contact of the non-calcareous Morden shale with underlying Favel
containing chalky calcareous white specks, is sharp, possibly representing
a hiatus of slight duration (McNeil and Caldwell 1981, p. 58) which
may account for some of the variation in thickness of the underlying
Favel. Contact with the overlying Boyne or Niobrara equivalent is
less well - defined.

Shale of the Morden is medium to dark grey and moderately fissile
with numerous beds of bentonite. Many samples of this shale produce a
copious efflorescence of a water soluble white salt on drying; some
zones contain abundant carbonaceous specks. The white specks described
in the Morden interval at Sylvite in appendix II are not the well-known
chalky calcareous white specks, but bodies of white or brownish white clay
in bands of what appear to be clasts, ranging in size from one or two
millimetres in diameter to flattened pebbles two centimetres in length.
Larger pebbles exhibit annular zonation analagous to weathering, the
darker core containing finely disseminated marcasit or pyrite,

No fossils were found in the Morden beds.
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Boyne Member

Considerable variation in thickness and lithology distinguishes
the Boyne between the two IMC shafts and the corresponding section at Sylvite.
The Boyne Member is 43 m (141 feet) thick at Sylvite, and 42.7 m (140 feet)
thick at the IMC K1 Shaft, but only 23 m (76 feet) thick at IMC K2. A
largely non-calcarious zone 14 m (45 feet) thick at the base of the unit
at IMC K2 is only intermittently calcareous, with occasional partings showing
the typical flattened calcareous white specks. A similar paucity of white
specks occurs in a 7 m (23 feet) zone at the top of the member in which the
white specks are found only in widely separated partings in otherwise non-
speckled shale. The specks occur in normal abundance on these sparse partings,

however.

Whereas the sparsely speckled zones at IMC K2 are merely a north-
western facies equivalent of the uniformly calcareous white-speckled interval
at Sylvite, the rapid disappearance of these zones over the much shorter
distance farther northwestward from IMC K2 to the K1 Shaft 1ess}%asi1y ex-
plained. ff fhe thinning of the underlying Morden Member from K1 southeast-
ward to K2 occurs through a contribution to a sparsely calcareous facies
equivalent in the overlying Boyne Member, this would account for only 4.3
m, or about a third of the sparsely speckled zone. In similar fashion, the
disappearance northeastward of the sparsely speckled 7 m zone at the top of
the Boyne at K2 corresponds (more accurately) with the 7 metre increase in
thickness of the overlying Pembina Member. Alternatively, however, the dis-
appearance of the lower and upper sparsely speckled zones between IMC Shafts
may be attributed to stratigraphic onlap and erosion, on the respective lower

and upper contacts.



Poorly preserved inocerami in the upper part of the Boyne
Formation in the Sylvite No. 2 Shaft are considered by Jeltztky to

resemble %Inoceramus deformis Meek and to suggest the I. deformis and

|
and Scaphites preventricosus zone of the international standard stages

A somewhat better preserved assemblage in the lower part of the Boyne in

IMC K2 Shaft supports this conclusion. However Jeletzky points out

that I. cf subcardissoides found poorly preserved at the top of the

sparsely speckled zone at IMC K2 13 m (45 feet) above the base
of the rember (GSC loc 66852), is not known to occur so low in the section.

<o far as known I. subcardissoides 1is confined to the top part of the

Scaphites preventricosus zone where I. involutus does not occur.

At the top of the formation, within the upper sparsely speckled
zone, Jeletzky found very poorly preserved ammonites resembling Haresiceras

montanense Reeside and H. ex gr. fischeri—élacentiforme Reegide. He

notes that "In spite of unsatisfactorv opreservation of all representatives
1 .
of the genus Haresiceras Reeside, GCS loc.56883 appears to represent the

widespread Scaphites hippocrepis, Haresiceras and Baculites aquilaensis

zone of the Lower Campanian stage. This zone occurs in the Eagle
sandstone of the U.S. western Interior and its equivalents ( Cobban and

Reeside 1952 pp. 1019-20). In Canada the Scaphites hippocreppis zone is

only known to occur : 1) At the base of the Lea Park Formation

Lloydminster area (in the Western Potash shaft at Vera): 2) on

Lower Athabasca, where it coincides with the basal part of the first specks zone;
3) at the base of the Riding Mountain Formation in the Manitoba Escarpment

where it occurs closely above the top of the first specks zone.!
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Pembina Member

Thickness of the Pembina Member is variable, slightly over
20 m, at both S¥lvite and IMC K1 (Yarbo) shafts, but only 13.4 m at the
intervening IMC K2 (Gerald) location. the top of the formation
coincides with a change upward from dark grey, somewhat fissile shale to
to medium light grey, blocky shale of the overlying Riding Mountain
Formation. M¢Neil .and Caldwell (1981, p. 68)censider this upper
contact to be unconformable, a thesissﬁppbiteﬂby the comments of
Jeletzky on fossils found at the base of the Pembina in the Sylvite No.2
Shaft (GSC loc, 83501): Yt Scaphites hippocrepis zone and lower Campanian

substage of the international standard (EEE Jeletzky 1968, pp 43 - 45
for further details).

According to the latest data of W. A. Cobban (USGS Prof. Paper
619, p. 6) the fine-ribbed form of Scaphites (Hoploscaphites) hippocrepis

and Haresiceras natronense are diagnostic of the latest part of (a subzone)

of the broad Scaphites (Hoploscaphites) hippocrepis zone as used by Jeletzky

(loc, cit.). In Canada this youngest lower Campanian subzone (through a

recent find of Haresiceras natronense) is otherwise known only to occur

in the uppermost beds of the Boyne Member in the Manitobaqﬁscarpment;
@gE'Loc_BGSSS, (from the top of the Boyne Member in IMC K2 Shaft) appears

to represent the next older subzone of the Scaphites (Hoplaescaphites)

Hippocrepis zone and so may be somewhat older than GSC loc. 83501:“



Riding Mountain Formation

Riding Mountainsediments range from 181.6 m (or 596 feet thick
at IMC K2 (Gerald) Shaft, to 125 m (410 feet) at Sylvite, but are only 83
m (272 feet) at IMC K1 (at Yarbo, 9.6 km, or six miles northeast of No. 1J.
The difference in thickness results from glacial or preglacial erosion and
possible channelling, where till and other Quaternary material overlie the
Riding Mountain bedrock shale to a depth three times greater at Yarbo than

at the other two locatilons.

At Sylvite, the entire section of Riding Mountain consists of
moderately, fissile or blocky, medium light olive-grey shale, whereas the
much thicker section at Gerald reverts to sandstone 16.2 m or 53 feet
below the bedrock - till interface. The sand is surmounted by another

5.1 m (17 feet) of silty mudstone at the top of the bedrock section.

The blocky shale yielded numerous fossil collections, those
of significance beginning at about 15 m (50 feet) above the base of the
formation upward in IMC K2 Shaft. Jeletzky found baculites comparable
with Baculites gregoryensis 97.2 m (319 feet) above the base of the

formation in the same shaft, and also in the upper sandy zone within 3.4 m

(11 feet) of the top. Scaphites (Hoploscaphites) gilli is found through-

out the entire fossiliferous zone both in this shaft, and in the much
shorter fossiliferous interval at Sylvite. Jeletzky remarks that this

interval represents the zone of Scaphites (Hoposcaphites) gilli, mid-upper

Campanian (Cobban and Jeletzky, 1965) and may represent the Baculites

gregoryensis zone if the tentative identification of Baculites cf gregoryensis

is correct.

There is no evidence in the shafts of Upper Cretaceous shoaling
over the high of the Saskatchewan - Manitoba 'boundary structure''.
Petroliferous Boyne and Favel shales near the base of the Upper Cre taceous
were of much interest in the shafts. Those at IMC, which ignited spontaneously
in the dump were analyzed for oil shale content, while at sylvite, where
workers encountered a strong odour of volatile h ydrocarbons, samples of
fresh material were sealed in cans and the gases analyzed. Results are

shown in Tables 1, 2 and 3, and in Figures 2 to 5.
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SULPHUR WATER AND VOLATILES
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Table 1.
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Analysis of 29 oil shale samples submitted by Dr. J.F. Caley, Qeological
Survey of Canada for Fischer Assay (Samples from 7% foot intervals covering all of
the section from the base of the Riding Mountain down to the Viking at I.M.C. #2

shaft. Originated by L.L. Price, Calgary.)

Depth in % Spent % % Gas % 0il-S.G. Imp. Gallons
Shaft Shale Water & Loss L0il 60/60°F per ton*

582.5'- 95.8 3.8 0.4 Nil - Nil
590.0"
596"~ 95.1 4.2 0.7 Trace - Trace
597.5!
590"~ 92.0 5.6 1.5 0.9 - 1.9
59741
597%'- 89.8 7.0 2.3 0.9 - 1.9
605!
605'- 92.7 5.7 1.3 0.3 _—— 0.6
612.5!
612.5'- 94.2 5.2 0.6 Trace - Trace
620! -
620"~ 95.4 4.1 0.5 Trace —— Trace
627%!
625"~ 94.4 5.2 0.4 Trace —— Trace
6324
6325 - 93.9 5.0 0.9 0.2 - 0.4
640"
640'- 92.6 4.0 1.5 1.9 0.944 4.0
647%!
647%" - 91.5 5.2 1.1 2.2 0.938 4.7
655!
655" - 92.8 5.8 0.9 0.5 - 1.1
6624
6624 - 91.4 4.1 2.0 2.5 0.966 5.2
670!
670"~ 91.4 5.0 2.0 1.6 0.966 3.3
677%!
677%!" - 92.5 3.8 1.8 1.9 0.954 4.0
6851
685" - 92.0 4.1 1.9 2.0 0.949 4.2
692%!
692151 - 93.0 3.9 1.5 1.6 0.956 3.3
700"

92.1 5.8 1.2 0.9 ——— 1.9




Table 1. {(cont'd)

Depth in % Spent % % Gas % 0i1-S.G. Imp. Gallons
Shaft Shale Water - § Loss. 0il 60/60°F per ton*
700"~ 92.2 3.5 1.9 2.4 0.969 5.0
707%"
707%" - 88.6 3.9 2.4 5.1 0.965 10.6
715!
93.2 5.3 0.8 0.7 - 1.5
715'- 89.9 4.7 2.7 2.7 0.951 5.7
722450
722%" - 92.2 4.0 1.6 2.2 0.943 ' 4.7
727%!
727%" - 91.2 3.9 1.5 3.4 0.959 7.1
7351
735"~ 95.7 4.0 0.3 Trace -—- Trace
742%"
772%" - 87.9 8.7 1.4 2.0 0.942 4.4
780!
% 780"- 89.7 8.5 1.2 0.6 - 1.3
| 7874
| 787%'-  89.3 9.1 1.4 0.2 ——- 0.4
795!
7951~ 88.9 9.0 1.3 0.8 --- 1.6
802%!"
802%' - 88.7 8.2 1.8 1.3 0.943 2.8
810"
810'- . 86.9 10.0 2.0 1.1 0.964 2.3
818!
818'- 89.3 7.3 2.0 1.4 0.954 2.9
825%!
8254 - 90.8 5.5 2.3 1.4 0.949 3.0
833!
832! 92.4 4.4 1.7 1.5 0.947 3.2
8331~ 89.4 1 1.9 2.6 0.959 5.4
840%"'
849! 92.9 3.8 1.5 1.8 0.955 3.8
856%! 88.4 6.2 2.7 2.7 0.961 5.6
* 865! 91.5 4.4 1.6 2.5 0.956 5.1
873" 93.5 3.2 1.5 1.8 0.955 3.7
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Table 1. (cont'd)

Depth in % Spent % % Gas % 0i1-5.G. Imp. Gallons
Shaft Shale . Water . .. § Loss.... ..0il ... 60/60°F . per ton*

881° 95.8 1.9 0.9 1.4 0.956 3.0

890" 94.2 3.0 1.1 1.7 0.958 3.6

897! 96.8 1.4 0.9 0.9 0.957 1.9

905" 95.2 2.3 1.2 1.3 0.962 2.7

913! 95.0 2.4 1.4 1.2 0.946 2.5

921'- 91.3 6.6 1.2 0.9 0.954 1.9

929%!

9371 91.4 7 1.2 0.4 - 0.9

944! 92.6 5.8 1.1 0.5 ——— 1.1

960%" - 93.6 5.7 0.6 0.1 _—— 0.3

968%! -

975" - 91.6 6.5 1.1 0.8 - 1.7

983!

991°'- 92.6 6.0 1.0 0.4 -—— 0.8

1001

1005 93.8 5.4 0.6 0.2 —— 0.3

1031°'- ‘ 93.0 6.0 0.9 0.1 - 0.2

1091

1051'- 94.9 4.8 0.3 Trace - Trace

1061"

1071'- 95.3 4.5 0.1 Trace - Trace

1081"

1093'- ‘ 94.6 5.2 0.2 Trace —— Trace

1103!

1103'- 94.9 4.3 0.8 Trace - Trace

1123

757%" - 93.4 4.0 1.5 1.1 —— 2.3

7651

7651~ 92.6 4.1 1.8 1.5 —_—— 3.2

772%!

0,

*Imperial gallons oil per ton = (Weight % x 2) + Specific Gravity.

Note: where gravity not determined use 0.95.
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Table 2. Gaseous hydrocarbons in freshly excavated shale (canned samples), lower
part of Riding Mountain, Vermilion River and Favel '"White Specks', and upper part

of Ashville Group unnamed shale; samples from Sylvite No. 1 Shaft, submitted to
L.R. Snowdon, GSC Calgary. Percent gas by volume in tin can headspace.

Deetu e e, . €y NS ToTaL
174 L0001 L0001
210 L0001 .0001
282 .0003 - .0003
306 .0003 .0003
316 .4911 L0097 ,0012 .0004 .0606 .5030
321 .0005 L0001 .0000 L0007
334 .0002 .0002
342 .0003 .0003
356 .0003 .0003
362 .0616 .0008 .0004 .0001 .0003 .0630
380 .0004 .0004
394 .0002 .0002
401 1.0600 .0221 .0008 .0006 .0008 " 1.0891
422 .0002 .0002
472 .0005 L0005
480 .0007 .0001 .0003
488 .0006 : .0006
495 3.6148 .0400 .0062 .0020 L0020 3.6650
505 5.8785 .0571 .0036 .0016 L0017 5.94284
533 6.1926 .0937 0104 .008¢ .0067 6.3117
546 .0012 .0001 .0013
549 6.7437 1417 .0237 .0131 .0098 6.9319
578 8.4800 . 4046 .2478 .0292 .0236 9.1852
607 .7.4074 .40486 L1167 .0273 .0199 7.9759
615 7.8459 L7291 .1192 .0342 .0240 8.7525
624 7.9526 .6011 .0849 .0293 .0204 8.6883
631 8.5630 .8046 L1449 .0488 .0340 9.5952
642 4.6815 0754 .0179 .0073 L0077 4.7897
653 3.8104 .0686 L0111 .0031 .0038 3.896R
658 5.2385 .0869 .0144 .0054 .0064 5.3515
664 - .0006 .0001 .0000 .0007
667 6.2222 .0983 .0300 .0100 .0106 6.3711
676 6.0267 .1%20 .02380 .0083 .0081 6.2630
688 7.1941 .3863 .0467 .0274 .0231 7.8775
699 7.1289 .4091 .0789 .0337 .0295 7.6801
711 7.8696 .5851 .1344 .0312 .02686 8.6470
732 - 7.8104 .6217 .1328 .0373 .0371 8.6392
754 . 2.1304 .1406 L0740 .0268 .0344 2.4061
760 3.6563 .4292 .1359 .0451 .0493 4.3163
763 1.7615 » .2840 .1320 L0321 .0398 2.2544
769 4.2904 .4034 .1440 .0396 .0389 4.9162
773 .0030 .0004 .0004 .0007 .0012 .0056
T77 6.2815 . 2057 .0736 .0319 .0268 6.6194
806 7.4193 .5509 L0752 . 0406 .0138 8.0997
824 .0646 .0016 .0005 L0004 L0004 L0875
827 .0109 .0012 0023 .0047 .0027 .0218

976 ~8.6104 .5252 .1072 .0414 .0263 9.3109
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TABLE 3

Gaseous hydrocarbons in freshly excavated shale (canned samples),
Ashville Group (includes lower part of Favel "White Specks" to
base of Joli Fou Formation): Samples from Sylvite No. 2 Shaft,

submitted to L.R. Snowdon, G.S5.C. Calgary

Deem & Ly ay €y nCy ToTaL
788 .. 0007 L0007
800 9.1141 .6469 .0784 .0331 L0135 . 95.8859
805 .0007 .0000 .0000 .0001 .0001 .0010
817 .0009 .0001 .0000 .0000 .0000 .0012
8§22 .0859 .0023 .0003 .0001 .0000 .08886
831 .0003 .0003
834 .0004 .0004
842 7.4989 .1806 .0472 .0217 .0113 7.7086
849 L0007 .0001 | .0007
861 .0009 .0000 .0001 .0000 .0001 .0011
909 .0009 .0000 .0009
918 .0006 .0000 .0001 .0007
924 .0053 .0003 .0002 .0003 .0002 .0062
937 .2030 .0263 .0019 ~.0010 .0022 . 2343
941 .0003 .0000 .0003
962 .0770 .0044 .0088 .0052 .0068 .1023
968 6.3407 L1737 .0402 .0222 .0218 6.5986
990 .0006 .0000 .0000 .0000 .0000 .0007
1001 .0004 .0000 .0000 .0004
1014 .0007 .0001 .0001 .0008
1055 ' .0002 .0002
1061 .0005 ' .0005
1076 .0003 .0000 .0000 .0003
1122 L0015 .0002 .0002 .0000 .0001 .0020
1128 1.4533 .0114 .0036 .0010 .0013 1.4706
1141 .0010 .0000 .0010
1147 _ .6489 .0123 .0033 .0012 .0011 .6668
1158 .7556 .0086 .0027 .0009 .0009 . 7686
1162 .6563 .0051 .0017 .0005 .0006 .6641
1168 L7111 .0097 .0025 .0007 .0009 . 7249
1185 .0013 .0002 .0002 .0000 .0001 .0017
1188 .6296 .0066 .0026 .0007 .0006 .6400
1198 .0005 L0001 .0001 .0000 .0001 .0009
1207 .3059 .0024 .0010 .0003 .0003 .3099

Per cent gas by volume in tin can headspace.
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ROCK TYPE
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Stratigraphy

Souris Valley
Fm. 1495 -
1500 ft. from
top of shaft.
Wt. of sample
485 g.

Souris Va]]éy

Fm. 1500 -
15056 ft. from
top. Wt. 449

Souris Valley
Fm. 1515 -

1520 ft. from
top. Wt.

Souris Valley
Fm. 1520 -

1525 ft. from
top. Wt.

503 g.

355 g.
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Appendix zz

Report on 11 conodont samples from the Souris Valley Formation,
International Minerals and Chemical K2 Shaft,

by A.C. Higgins and B.J. Dougherty
Locality, Conodonts & Age - GSC Loc. No.
16 km due east of town of Esterhazy, €C-108378

NTS 62L9,
tp. 19,

SE Saskatchewan;

1sd. 7, sec. 27. rge. 32, west 1

Siphonodella isosticha (Cooper)

Age: Siphonodella isosticha - Upper
S. crenulata Zone, middle
Tournaisian (Tn2a-c).

CAT 1 - 1.5

Remarks:

Siphonodella isosticha (Cooper)

Age: Siphonodella isosticha - Upper
S. crenulata Zone, middie
Tournaisian (Tn2a-c).

Remarks: CAI 1.5

Gnathodus delicatus Branson & Mehl
Siphonodella isosticha (Cooper)

Age: Siphonodella isosticha - Upper
crenulata Zone, middle
Tournaisian (Tn2a-c)

Remarks: CAI 1.5

Siphonodella isosticha (Cooper)

Siphonodella cf. isosticha (Cooper)
Gnathodus delicatus Branson & Mehl
Bispathodus aculeatus (Branson & Mehl)
Polygnathus communis communis Branson & Meh]
Hindeodella ibergensis Bischoff

Lonchodina Sp.




Stratigraphy

Souris Valley
Fm. 1525 -

1530 ft. from
top. Wt. 257 g.

Souris Valley
Fm. 1530 -

1535 ft. from
top. Wt. 344 g.

Souris Valley
Fm. 1535 -

1540 ft. from
top. Wt. 483 g.

Souris Valley
Fm. 1540 -

1545 ft. from
top. Wt. 480 g.

Souris Valley
Fm. 1545 -

1550 ft. from
top. Wt. 474 g.
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Locality, Conodonts & Age

GSC Loc.

No.

Age: Siphonodella isosticha - Upper
crenulata Zone, middle
Tournaisian (Tn2a-c).

Remarks: CAI 1-1.5

Spathognathodus Sp.

Age: indeterminate.

Bispathodus aculeatus (Branson & Mehl)
Gnathodus punctatus? (Cooper)

Age: upper Sandbergi - L. crenulata Lones,
middle Tournaisian (Tn2a, b)

Remarks: CAI 1.5
Bispathodus aculeatus (Branson & Mehl)
Siphonodella obsoleta Hass

Age: Sandbergi - L. crenulata Zones
middle Tournaisian (Tn2a,b)

Remarks: CAI 1.-1.5

Siphonodella cooperi Hass morphotype 2

Siphonodella obsoleta Hass

Siphonodella c¢f. isosticha (Cooper) sensu
Klapper 1971

Polygnathus communis communis (Branson & Mehl)

Falcodus leptus (Cooper

Ligonodina Sp.

Age: upper Sandbergi - L. crenulata Zones
middle Tournaisian (Tn2a, b)

Remarks: 1.5

Elictognathus laceratus (Branson & Mehl)
Angulodus walrathi (Hibbard)

Dinodus leptus Cooper

Falcodus angulus Huddle

Sandbergi -~ L. crenulata Zones
middle Tournaisian (Tn2a, b)

Age:

Remarks: CAI 1



Stratigraphy

Souris Valley

1560 ft.

Souris Valley

1578 ft.
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Locality, Conodonts & Age GSC Loc.

Falcodus angulus Huddle
Siphonodella obsoleta Hass

Age: Sandbergi - L. crenulata Zones
middle Tournaisian (Tn2a, b)

Remarks: CAI 1

Siphonodella obsoleta Hass
rPolygnathus communis communis Branson & Mehl

Age: Sandbergi - L. crenulata Zones
middle Tournaisian (Tn2a, b)

Remarks: CAI 1 - 1.5

Comments on the Age of the upper part of the

Souris Valley Formation.

The conodont faunas of Early Carboniferous age
have been studied in great detail by Sandberg and
Gutschick in Utah and by Klapper (1966) in
Montana, Wyoming and South Dakota, and a detailed
zonation, based mainly on the species of the genus
Siphonodella has been proposed by Sandberg et al
(1978). In
the Esterhazy Shaft, because the samples were
small, not all of these zones can be recognized,
but the following summary indicates that at least
three zones should be present.

Souris Valley Formation, Esterhazy, Shaft

1495 - 1525 feet Siphonodella isosticha - Upper
crenulata Zone.

1525 - 1578 feet siphonodella sandbergi - Lower
crenulata Zones

The lower two zones should be seperable when more
samples have been processed.




- 144 -

Thermal Maturity of the upper part
of the Souris Valley Formation

The conodont faunas have been examined by J.
Dougherty who has assessed their maturity in terms
of the Epstein et al (1977) scale. This scale and
its relationship to both the palynomorph and
vitrinite reflectance scales are given below.

Conodonts Palynomorphs Vitrinite
Weight percent
Temperature Translucency Carbon in

CAl °C Index (Amoco) Kerogen Reflectance

1 <50-80 1-5 <82 <0.8

i,  50-90 5-up.5 81-84 0.7-0.85

2 60-140 5-6 81-87 0.85-1.3

3 110-200 up. 5-6 83-89 1.4-1.95

4 190-300 6 84-90 1.95-3.6

5 300-400 up. 6-7 +90 +3.6

Percent
Fixed
Carbon
<60
60-65
65-73
74-84
84-95
+95




- 145 -

The Souris Valley conodont faunas fall between CAI
(conodont alteration index) 1 and 1.5 which
indicates that the rocks are mature enough for oil
generation and would fall within the 0il window.
To a certain extent surface preservation and size
of the specimens have influenced the CAI

readings. Higher CAI readings were obtained from
larger specimens and/or specimens with poor
surface preservation. The best estimate which can
be given, indicates that the specimens average out
at the higher end of CAI 1. This would still
indicate mature rocks.
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