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OIL PROSPECTS NEAR BRAGG CREEK, ALBERTA
By G. S. Hume
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INTRODUCTION

During the summer of 1926 the Geological Survey topographically
mapped an ares lying between longitudes 114° 30’ and 114° 45’ and extend-
ing approximately 64 miles north and 8 miles south of latitude 51°. This
area comprises what is known as the south half of Jumpingpound sheet
and the north half of Bragg Creek sheet. It includes: the western part
of the north half of township 22 and all of townships 23 and 24, range 4;
the north half of township 22, and all of townships 23 and 24, range 5;
and the eastern part of the north half of township 22 and all of townships
23 and 24, range 6. The southwestern part of the area lies within the Bow
River Forest Reserve and the mapped part of township 23, range 4, con-
stitutes the western end of the Saracee Indian Reserve. During the sum-
mer of 1927 this area was geologically mapped by the writer assisted by
W. A. Kelly, J. F. Caley, and A, F. Matheson, to whom the writer wishes
to express his thanks.

PHYSIOGRAPHY

The area studied in 1927 lies wholly within the Foothills belt. The
maximnum relief is approximately 1,700 feet, the lowest elevations, 4,000
feet, occur in the northeast and the highest, 5,700 feet, in the southwest.
The summits of many of the hills approach 5,000 feet in elevation. As a

6753813



2B

general rule, the hills trend northwest-southeast in conformity with the
strike of the strata and the trend of the mountains to the west. This
results in numerous parallel hills and ridges separated by wide valleys
many of which are occupied by fairly extensive muskeg areas. The topo-
graphy as a whole is an expression of differential weathering and invari-
ably the ridges and hills are composed of hard, resistant rocks, whereas
the valleys are underlain by softer shales. The influence of thrust faulting
is, in places, apparent in the topography, the east edge of the overthrust
forming a steep, eastward face to the ridge or hill, whereas the gradient of
the western slope reflects the westward dip of the strata. This effect,
however, is to a large extent modified by the unequal resistance to weather-
ing of the rocks even within one formation, and where the rocks are highly
tilted the degree of slope of the west side may be as great or greater than
the east slope.

Elbow river and Jumpingpound creek flow across the regional strike.
The former is a river of fair size, but subject to large seasonal fluctuations
and in the late summer the river bottom is occupied by extensive gravel
bars. For the most part this river cuts across the strike of the rocks
regardless of structure and in this respect is somewhat different from parts
of Jumpingpound creek which are believed to show structural control.
On the banks of Elbow river and to a less extent on Jumpingpound creek,
terraces of river gravels are of common occurrence and are a record of the
various stages of river development when the river occupied higher levels
than at present. All other streams within the area are tributaries of the
tyéo major drainage systems and occupy the valleys between the various
ridges.

STRATIGRAPHY

The following account of the stratigraphy is based on the study of the
south half of Jumpingpound and the north half of Bragg Creek map-areas.
The outcropping formations range from the Edmonton of Upper Cretaceous
age, to the Kootenay of Lower Cretaceous age, and by extending the Bragg
Creek area only slightly west in the vicinity of Canyon creek, lower forma-
tions of Jurassic and Palzozoic ages outerop.

Table of Formations

Thickness in feet

Upper Cretaceous.........ceveen. Edmonton......oovieiiiiiiiiieieraienidiii i e,
Belly river.......ovvuveeninenrenennanns 2,000
Upper “Benton’’ with Cardium zones...| 2,000
Lower Benton.........ccovvienecnaan... 800 to 1,000
Lower Cretaceous................ Blairmore. . ....ooveuivenirieneeeernannns 1,700 (?)
Kootenay (Canyon Creek).............. 350 to 375
JUEABSBIC. cv it iin i eieeaens Fernie (Canyon Creek).................. 200 to 225
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PRE-FERNIE LIMESTONE AND DOLOMITES

On Canyon creek, a tributary of Elbow river in Moose Mountain ares,
a good section is exposed of the beds stratigraphically below the Fernie.
The age of these rocks is not precisely known, but a few, poorly preserved
corallites found only & short distance below the Fernie contact indicate a
Palzozoic age. The contact of the Fernie with the Paleozoic limestones
was not observed, but it is thought to be conformable, since there is no
apparent difference in the attitude of the rocks in neighbouring outcrops.
The top bed of the Palzozoic is extremely hard and cherty, but grades
downwards into a more shaly, dark limestone which when struck with the
hammer gives off a strong odour very like that of the gas from the Royalite
No. 4 well in Turner valley. The limestone appears to be fairly dense for
250 to 275 feet below the contact with the Fernie, but between 275 and 325
feet there are a number of zones, each 8 to 10 feet thick, of very porous
dolomite having a strong bituminous odour and containing a bitumen-
like material in fissures and pores. Below this the limestones are light in
colour, but within 40 feet two zones of cavernous dolomitic limestone were
observed. One of these zones is approximately 5 feet thick and the other
somewhat thicker. They are separated by about 15 feet of hard, dense,
white limestone. Numerous vugs or caverns in the limestone are 8 to 10
inches in diameter and several inches in depth at the centre and are coated
with a secondary deposit of carbonates. These vugs and the limestones
both above and below them showed no trace of the bitumen-like material
observed in the higher porous zone. The absence of this material and the
white colour of the limestones below the porous zones, in contrast with the
dark, bituminous limestones above the porous zones, seem to point strongly
to the conclusion that the oil zone at this particular locality was originally
confined to the uppermost 325 feet of strata. Only a reconnaissance
study was made of the strata below the porous zone, but no further traces
of petroleum nor of any great degree of porosity were observed.

FERNIE FORMATION

In Canyon creek, Moose Mountain area, the Fernie rests directly on
the Palmzozoic limestones and no Triassic similar to that observed by
Warren and Shimer in the Banff-Minnewanka area is apparent. Neither
was the Rocky Mountain quartzite recognized, but since the age of the
limestones below the Fernie 1s not precisely known it may be they, in part,
represent the Rocky Mountain quartzite. In Banff area Warren! estimated
the Triassic to be 3,400 feet thick and in Lake Minnewanka area, near
Banff, Shimer? estimated rocks of the same age to be 1,500 feet thick. As
the Triassic and possibly also the Rocky Mountain quartzite are not present
in Moose Mountain area there must necessarily be an important discon-
formity between the Fernie and the Palzozoic, although as already stated
the rocks of these two ages seem to be conformable.

1 Warren, P. 8.: “Banff Area, Alberta”; Geol. Surv., Canada, Mem. 153, p. 11 (1927).
2 Shimer, H. W.: “‘Upper Palwozoic Faunas of the Lake Minnewanka Section, near Banff, Alberta”; Geol.
Surv., Canada, Bull. No. 42, p. 3 (1926).
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The Fernie as exposed on Canyon creek, Moose mountain, consists of
shales which, particularly in the upper part, are sandy and carry a few
calcareous layers. The shales are dark brown to black and have the
appearance of being highly bituminous, but no tests were made to determine
if bituminous matter actually were present. The contact with the over-
lying Kootenay was observed in a few places and the top of the Fernie
shows evidence of erosion prior to the deposition of the Kootenay. In this
respect the writer’s observations age at variance with those of Cairnest
who says “in this region of the Foothills no evidence of an unconformity
or any lapse of time exists between the Kootenay and the Fernie shales
(in fact they gradually change into one another)”. The base of the Koot~
enay contains some material possibly derived from the underlying Fernie
and hence the lithological differences between the two formations at the
contact are not marked, yet a close examination of the contact leaves no
doubt of the existence of an erosional interval. No information was
obtained to show whether this is only of local importance or has a regional
significance. Owing to this erosional interval it is probable that the
Fernie has a variable thickness. Accurate measurements made with
plane-table and telescopic alidade in two places on Canyon creek, indicated
the thickness to be 205 and 220 feet, respectively, but because of the slight
amount of folding in the strata these amounts probably slightly exceed the
true thickness. It is probable for the larger area over which Cairnes made
observations that his estimate of thickness, 100 to 250 feet, is correct,
although the writer’s measurements on Canyon creek indicate that for this
locality the thickness is between 200 and 225 feet. The existence of an
erosional interval between the Fernie and the overlying Kootenay may
explain the range of thickness 100 to 250 feet, given by Cairnes. He states
the Fernie becomes “much thinner towards the east than inside the
mountains.”’

KQOOTENAY FORMATION

In the vicinity of Canyon creek the Kootenay is represented by
approximately 350 feet of sandstone and shale with coal seams near the
top of the formation. The lower part consists of dark sandstones and
shales and, like the limestones below the Fernie, the hard sandstones of
the Kootenay emit a strong petroliferous smell when struck or broken.
One of the coal seams in the top of the Kootenay has been mined and is
reported to be 6 to 6% feet thick. Most of the coal is concealed in the
Canyon Creek section and such parts of the formation as outerop consist of
hard sandstones alternating with dark shales.

BLATRMORE FORMATION

The Kootenay beds are followed by a heavy conglomerate considered
to be a basal part of the Blairmore. The upper part of the Blairmore
consists of greenish and greyish sandstones, greenish sandy shales, dark
shales, and a few maroon or red shale bands. Maroon shales outerop on
the north side of Elbow river at the bridge at Bragg creek, but are exposed

t Cairnos, D. D.: “Moose Mountain District, Southern Alberta’’; Mem. 61 (sec. ed.), p. 32 (1914).
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at low water only.% They also occur on the south side of the river east of a
small fault on the southeast corner of section 13, township 23, range 5.
In both places they are high up in the Blairmore formation and although
in neither case could the exact stratigraphical position be determined, the
conclusion was reached that they represent the horizon of red shales exposed
elsewhere in the Blairmore in the upper part of the formation. Another
feature of the upper part of the Blairmore of importance in interpreting
the structure is the presence of at least two conglomerate zones. Con-
glomerates and conglomeratic sandstones, believed to be the same strati-
graphic horizon in each instance, are known in the following localities:
(1) east of the “Benton’’-Blairmore contact on the north side of Elbow
river about the centre of the north half of section 12, township 23, range 5;
(2) east of the “Benton”’-Blairmore contact on the northeast part of the
southwest quarter of section 26, township 23, range 5; (3) on the crest of
the west spur of the hill that crosses the northwest corner of section 23,
township 23, range 5, and extends northwest into the south portion of
section 26; (4) west of the high knob of the hill on the south half of section
24, township 23, range 5; (5) on the north side of Elbow river a short dist-
ance east of the fault (See Figure 3) on the southeast quarter of section
13, township 23, range 5; (6) east of the fault (See Figure 3) about the
centre of section 24, township 23, range 5.

If, as is believed, these conglomerates, and conglomeratic sandstones
represent the same stratigraphic horizon in each case it is obvious that they
present a phase of the Blairmore which is characteristic of this formation
over a fairly wide area. The stratigraphic position is caleulated to be 225
to 250 feet below the ‘“Benton’’-Blairmore contact.

On the north side of Elbow river, within the Bow River Forest Reserve
and approximately 4,000 feet west of the west side of range 5, a small
lens of fine conglomerate in the Blairmore formation is exposed. It is
considered to represent the horizon marked by the conglomeratic zone
already discussed, i.e., it is thought to occur 225 to 250 feet below the
“Benton’’-Blairmore contact, although at this place the contact is con-
cealed. West of this outcrop of fine conglomerate and at an horizon con-
sidered to be approximately 500 feet stratigraphically below the “Benton”-
Blairmore contact, another conglomerate zone occurs. The section
that includes this conglomerate consists of, in ascending order: coarse
and crossbedded sandstones; a conglomerate bed of variable thickness
up to one foot; a few feet of strata that are for the most part concealed,
but are believed to be sandstones; 3 to 4 feet of conglomerate and con-
glomeratic sandstones partly of & reddish colour and containing greenish,
black, and grey chert pebbles, white quartzite pebbles, and a considerable
amount of feldspar. In Blairmore area, according to Rose!, within the
Blairmore formation ‘‘there is one fairly persistent conglomera.te band
about 1,000 feet above the base of the formation, which looks much like
the ba,sa,l conglomerate but is dlstmgulshed by a large percentage of
crystalline igneous pebbles”. No igneous pebbles could be found in the
conglomerate of Bragg Creek area, but the presence of feldspar suggests
that part of the material may have been derived from the weathering of

1 Rose, B.: “Crowsnest Coal Field, Alberta’’; Geol. Surv., Canada, Sum. Rept. 1916, p. 110.
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igneous rocks. How far the presence of feldspar in this conglomerate can
be considered a diagnostic feature is problematical. Feldspar was seen
in the conglomerate that outcrops on the north side of Elbow river east of
the fault (See Figure 3) on section 13, township 23, range 5, and this outcrop
for various reasons was assigned to the higher conglomeratic zone. Either,
therefore, there is a mistake in assigning this conglomerate to the upper
zone or else the feldspar is not restricted to the lower of the two conglom-
erates. It is hoped to make a more detailed microscopic study of the
upper Blairmore sediments to determine if feldspathic sandstones are of
wide occurrence, because if feldspar occurs at approximately the same
horizon in such widely separated areas as Blairmore and Bragg creek,
and, if it is derived from the weathering of a granitic body, it seems probable
that the parent rock must have been exposed over a considerable area
and at an elevation sufficient to allow transportation of material for long
distances, since no granitic rock is known in the eastern Rockies, although
the eastward thinning of the Blairmore indicates derivation of the materials
from the west. The feldspathic zone may prove to be of regional import-
ance and if so may afford a valuable key horizon throughout the southern
Foothills belt.

In regard to the fauna and flora of the Blairmore no detailed report
is at present available, although considerable material has been collected.
Fairly well preserved plant material occurs at several localities within the
area studied, and in the section on Elbow river within the Bow River
Forest Reserve the plant zone is estimated to be 1,300 feet below the
“Benton’’-Blairmore contact. At about 200 feet lower, stratigraphically,
than the plant zone, is a fossil horizon containing abundant remains of
gastropods and pelecypods.

The total thickness of the Blairmore as measured on Elbow river
within the Forest Reserve is approximately 1,700 feet. The lower 150 to
200 feet of sediments are dark in contrast with the light grey and green
sandstones and shales of the upper part. At the base of the formation
on Elbow river, at the mouth of Canyon creek, there is a heavy conglomerate
approximately 20 feet thick, but somewhat variable in this respect. It is
overlain by an equal amount of light grey, siliceous sandstones. The
pebbles of the conglomerate vary in size up to one inch or more and consist
of grey, black, and green chert and white quartzite.

It has been considered by the writer and others that the Blairmore
thins to the east. The estimated thickness within the Bow River Forest
Reserve may, therefore, not be strictly applicable to the formation in more
easterly localities. The thickness of Blairmore and Kootenay in Turner
Valley area was estimated from well records to be approximately 1,000
feet, whereas the combined thickness of these two formations at the west
side of Bragg Creek area is thought to exceed 2,000 feet. In Moose
Mountain area Cairnes! estimated the Blairmore to be 900 to 1,700 feet
thick, whereas Rutherford? estimated the Blairmore on Bow river to be
11,1000 to 2,000 feet thick, the thinner section being in the eastern part of
the area.

1 Cairnes, D. D.: *“Moose Mountain District, Southern Alberta”’; Geol. Surv., Canada, Mem.61 (sec. ed.) (1914).
2 Rutherford, R. L.: “Geology along the Bow River between Cochrane and Kananaskis, Alberta’; Sci. and.
Ind. Research Council, Rept. No. 17, p. 23 (1927).
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LOWER BENTON MEMBER

Overlying the Blairmore is a series of marine, dark shales and sandy
shales divided by a conglomerate and sandstone zone known as the Cardium,
into a lower and an upper member. The lower member, called Lower
Benton by Rutherford,! consists of dark shales and sandy shales and as a
whole has a more finely laminated character than the Upper ‘“Benton’’.
It also holds fewer ironstone nodules and ironstone layers. Although
a complete study of the fossils has not been made, the lower member is
believed to be palmontologically distinet from the upper member and
contains such fossils as Prionotropis and Inoceramus labiaius, neither of
which is known to occur above the bottom of the Cardium zone. The
contact between the Lower Benton and Blairmore is, in most places, marked
by a fine grit zone of variable thickness, but usually from a few inches
to 1 or even 2 feet thick. This grit zone was discovered by the writer
during the 1926 field season in Turner Valley area, and is so characteristic
of the contact wherever it has been observed that it forms a very reliable
horizon both for field work and well records.

Because the Lower Benton shales are fairly soft and easily weathered
they most commonly occur in low-lying areas. Where deformation has
been severe they are in many places very much ‘folded and somewhat
faulted. General conditions thus are such that measurements of thickness
are apt to be unreliable. The writer estimates the thickness of the Lower
Benton to be 800 to 1,000 feet, the latter figure being the same as given
by Rutherford for the thickness on Bow river.

CARDIUM MEMBERS

In Bragg Creek area there are two members that apparently represent
and occupy the same stratigraphic position as the Cardium zone of adjoining
areas. The name applied to the zone is that of a fossil characteristic of it.
Both members in Bragg Creek area are somewhat variable in character,
but are easily recognizable. The upper consists of a small thickness of
light grey sandstone overlain by dark shales grading up into sandy shales
locally overlain by a bed of conglomerate. In extreme cases this con-
glomerate is 4 feet thick, but it is usually much thinner or absent. About
350 feet stratigraphically below this upper Cardium member occurs the
second member which is usually much thicker than the upper member,
but like it varies much in thickness from place to place. In this case,
however, a conglomerate bed is invariably present. It is sharply separated
from the overlying dark shales and is usually only 2 to 4 feet thick, although
in places it is as much as 16 feet. Below the conglomerate there is in
many cases as much as 40 to 50 feet of light-coloured, siliceous sandstone
interbedded with grey, sandy shales grading downwards into less sandy
strata and finally into dark shales of the Lower Benton. In both Cardium
members the pebbles of the conglomerates are greenish, grey, and black
chert, and white quartzite. They vary in size up to % to £ of an inch in
diameter and are solidly cemented together by a siliceous matrix. In

! Rutherford, R. L.: “Geology along the Bow River between Cochrane and Kananaskis, Alberta’; Sci. and
Ind. Research Council, Rept 17, p. 24 (1927).
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numerous places the lower conglomerate consists of fairly uniform pebbles
of the size of peas. It seems to be a general rule that the coarser parts of
the conglomerate are toward the top and the fairly uniform beds of fine
conglomerate are in many places overlain by a coarser pebble phass.
The conglomerate beds everywhere seem to overlie the associated sand-
stones and sandy beds and the relative positions of the conglomerate and
sandy strata thus seem to afford a dependable means of determining
overturning due to folding or faulting. In a few localities where from the
attitude of the strata it might appear that the sandstones overlay the
conglomerate, a close examination of the minute crossbedding in the sand-
stones showed that the beds were overturned.

In Bragg Creek area the lower Cardium member, and to a less extent
the upper member, form the crests of elongated, very narrow ridges such
as occur in sections 14 and 23, township 23, range 5 (See Figure 3). Other
hills of similar shapes, but on which are no outcrops, probably owe their
form to the Cardium members and it is in many cases apparent from a
close study of the drift that the Cardium members are present. However,
since the Cardium members are very resistant and occur within a soft shale
formation, their outcrops are quite common and it is possible to indicate
their approximate position over the whole map-area. This is of decided
advantage in working out the structure as the Cardium members provide
key beds within a thick, weakly resistant formation of otherwise nearly
uniform character, making the determination of structure very difficult.

In the northern part of the south half of Jumpingpound map-area,
occurs a third Cardium member not recognized in Bragg Creek area. Not
enough field work has been done to determine the total thickness of beds
separating these three members, but such information as is available
indicates a thickness of about 150 to 200 feet of shales between the lowest
and intermediate member, and of approximately 300 to 350 feet between
the intermediate and uppermost member. These figures suggest that the
intermediate and uppermost members of the Jumpingpound area correspond
with the two members of Bragg Creek area, and that the lowest member
of Jumpingpound area is an additional member not recognized in Bragg
Creek area. In Bragg Creek area where the shales between the two
Cardium zones are best exposed, fossil evidence unmistakably indicates
that the shales above the lower Cardium member belonged with the Upper,
rather than the Lower, Benton.

TUPPER “BENTON’’ MEMBER

The Upper “Benton’ is predominantly composed of shales and sandy
shales. In certain parts ironstone nodules and layers are of common
though irregular occurrence. In a recent report! on Turner Valley area,
the writer pointed out that the upper part of the so-called Benton for-
mation contains such fossils as Baculites ovatus, indicating a Montana age,
whereas the remainder of the Benton is distinctly Coloradoan. For this
reason the name Benton is not strictly applicable since, as originally

1 Hume, G. 8.: ‘Turner Valley 0il Area, Alberta'’; Geol, Surv., Canads, Sum. Rept. 1926, pt. B, p. 6.
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defined, it designates strata of Colorado age. The term Upper “Benton,”
as here used, applies to a group of Montana and Colorado marine shales
inseparable except on palxontological evidence.

In Jumpingpound area particularly, and to a less exten{ in Bragg
Creek area, the Montana part of the Upper “Benton” is unmistakable,
for in certain localities Baculites ovatus, as well as other fossils, occur in
profusion. There is no doubt that the occurrence of this fauna which is
similar in many respects to the Bearpaw fauna elsewhere in Alberta,
led Cairnes! to believe that these beds were Bearpaw in age, but they
cannot be Bearpaw, for that formation overlies the Belly River, whereas
the beds in question underlie that formation and can be traced downwards
into shales of similar lithological characters, but carrying a Colorado fauna
represented by various species of Scaphites, Inoceramus, etc.

The contact between the Upper ‘“Benton’” and the overlying Belly
River formation is gradational. There ig a change, however, from marine
t0 non-marine conditions. Towards the top of the Upper “Benton,” in
several localities, heavy-bedded sandstones and sandy shales occur that
lithologically resemble the Belly River beds much more than they do the
Upper “Benton,” but they must be included in the Upper ‘“Benton,’’since a
close inspection of these beds in several localities showed that marine fossils
are present and that the sandy beds are overlain by dark marine shales
containing Baculites ovatus. Where fossils cannot be found or where the
overlying shales are concealed, these upper sandy beds are likely to be
confused with Belly River strata and hence may cause some error in placing
the Upper “Benton’-Belly River contact, which, in general, must be
arbitrarily drawn.

No definite measurement of the thickness of the Upper “Benton”
has been made by the writer. The thickness of 2,000 feet assigned by
Rutherford to these beds on Bow river seems applicable to this southern
area so far as the available dats indicate.

BELLY RIVER FORMATION

The Belly River formation consists of non-marine, light grey sand-
stones alternating with greenish and dark shales. One or two coal seams
occur at the top of the formation, but owing to lack of exposures it is not
possible to tell whether or not these seams are always present. In certain
localities at least one workable seam is known, but it is impossible to tell
if this is everywhere the same seam, the probabilities are that it is not.
Thin coal seams, none more than a few inches thick, have been observed
close to the base of the Belly River formation in Turner Valley area,
as well as in the present area. At other horizons a considerable amount
of carbonaceous materials and wood fragments occur. In a number of
places conglomerate beds have been seen in the Belly River. These
vary in thickness and in the size of the component pebbles and when
traced laterally seem to grade into sandstones. The conglomerate has its

1 Cairnes, D. D.: **Moose Mountain District, Soutkern Alberta’; Geol. Surv., Canada, Mem. 61 (sec. ed.) (1514
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greatest development in the south half of Jumpingpound map-area, in

section 17, township 24, range 5, where a section measured by W. A.

Kelly is as follows:

Feet Inches

SanAStONe. .. .coi ittt i e e
Conglomerate.............coovuene.n.
Coneealed..........cocooviiieion...
Massive sandstone with few pebbles. .
Very pebbly sandstone...................cooiiiitiLLL
Medium-grained sandstone. ... ........c.oveeieireinininnnnanenans
Very pebbly sandstone. ..........ovuueviuiiiriieieinreanrennenns
Massive conglomeratic sandstone...............ccovviivieinennn..

,E\ 00+ 0O i i 1 |
g;l [~ R Y =K== X =N

In this-section the pebbles are distributed through a zone that is
relatively thick, for as a rule they are confined to a bed a few inches to
one foot thick. The pebbles vary from very small to 1 or 2 inches in
diameter and cobbles up to 4 and 5 inches in diameter are not uncommon
in certain localities. The pebbles consist of black chert, white quartzites,
and, occasionally, pink quartzites. The associated sandstones are in
many cases highly crossbedded. Owing to the faulted character of the
Belly River strata and the presence of only a very few sections that can be
readily measured, the position of the conglomerate zone is not definitely
known. At one place, however, it was estimated to be 750 to 800 feet
above the Upper “Benton”-Belly River contact, but there is a possibility
that more than one conglomerate zone exists.

The Belly River formation contains some plant remains, including
leaves of dicotyledons and occasionally a few bivalve shells. Both flora
and fauna are sparsely represented.

EDMONTON FORMATION

Although strata of Edmonton age are believed to occur in the south
half of Jumpingpound area, it is with difficulty that any division can be
made between the Edmonton and Belly River formations, It seems
probable that these two formations represent a period of continuous sedi-
mentation and although the Edmonton as a whole is considered to be less
lithified than the Belly River a satisfactory division can be made only
where the coal seam, arbitrarily placed at the top of the Belly River, is
present. It is believed, however, that a closer study of the faunas may
yield considerable information, since invertebrate fossils, particularly
Gastropods and Pelecypods, occur in great profusion in certain localities
in strata now regarded as being Edmonton in age. Cairnes believed some
Bearpaw shales were present in this area and thereby separated the Belly
River from the Edmonton. It has already been pointed out that there
are Pierre fossils in the Upper “Benton’” and that it is believed the strata
holding them were mistaken by Cairnes for Bearpaw. However, since
Cairnes studied s much larger area than the writer and since the contact
between the Belly River and Edmonton was not observed by the writer,
it might be unsafe to conclude that no Bearpaw is present anywhere in
the area, although our general information in regard to the distribution
of the Bearpaw makes its occurrence within the area highly improbable.
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STRUCTURE

The map (Figure 1) accompanying this report shows that the writer
interprets the formations somewhat differently from what Cairnes did
on the Moose Mountain map. One of the most important differences from
an economic standpoint is the placing of strata of the areas east and north
of the village of Bragg Creek in the Blairmore instead of the Belly River.
In isolated outcrops much difficulty is in many cases experienced in making
a distinetion between Belly River and Blairmore strata, but where a con-
siderable part of either formation is exposed and the characters of the
formation as a whole can be observed, the chances for confusion are not
nearly so great. The reasons for assigning the strata in question to the
Blairmore instead of the Belly River are as follows:

(1) Lithological Peculiarities. Although it is true that in isolated
outerops Belly River strata may resemble Blairmore, the latter is known
to contain red or maroon shales which so far are not known to occur in
the former. In the area east and north of Bragg Creek, red shales are to
be seen on the north side of Elbow river at the Bragg Creek bridge, and on
the south side of the river east of the small fault on section 13, township
23, range 5. These red beds occur with green shales and sandstones,
but since the greenish colour is also marked in certain parts of the Belly
River formation, the red shales alone are considered as a feature suggesting
Blairmore. As has already been mentioned the contact of the Lower
Benton and Blairmore is characterized by the presence of a peculiar
and persistent grit zone a few inches to a foot or more thick, and unlike
anything known elsewhere. The grit zone can be seen on the south side
of Elbow river on the edge of the terrace on the west side of section 12,
township 23, range 5. It is also present farther east, on the east of Blairmore
area (See Figure 1) on the south side of Elbow river. This zone and the
associated strata are so characteristic that alone they afford sufficient evid-
ence on which to base the Blairmore age of the beds. The Belly River
and the Blairmore strata differ in many respects, but an appreciation of
these differences results from continuous observations and is not easily
expressed. It depends on a close examination of such features as variations
in texture, the amount of ironstone present, slight differences in colour
of the rocks as a whole, etc. Besides, there are also a number of conglom-
erate zones in the Blairmore and at least one in the Belly River. Where
the lower conglomerate of the Blairmore is present it is easily recognizable,
but the base of the formation is rarely exposed and the conglomerate
disappears eastwards and, hence, for an area like that east and north of
Bragg creek, the conglomerate is not available as evidence. The presence
of feldspar in a conglomerate that occurs high up in the Blairmore formation
may possibly be a diagnostic feature, but as yet so little is known about
the distribution of the material that discretion must be exercised in its
use. The stratigraphic position of all conglomeratic zones, when used
with other features, is apparently diagnostic; the areas in which the con-
glomerates occur have already been noted.

(2) Faunal and Floral Characteristics. Both the Belly River and
Blairmore contain plants and as collections of these become larger and
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their study proceeds, each flora as a whole is being found to be quite char-
acteristic, but individual plant fragments may be misleading. For example,
dicotyledon leaves from Belly River rocks are known from various localities
where there is no doubt concerning the identity of the formation, but
although no such plants have been found in the Blairmore of Bragg Creek
or Jumpingpound areas, their presence has been recorded in the upper
Blairmore elsewhere. Thus it would be unsafe where dicotyledon leaves
alone occur, to conclude that the formation is Belly River unless such
plants could be determined specifically. The distinctions depending on
the plants, although they may be obvious to a palzobotanist, are not
always easily applied by the field geologist. A gastropod and pelecypod
zone is known from the Blairmore formation and Unio beds occur in the
Belly River. The services of a trained pal®ontologist are indispensable
if age distinctions are to be made on faunas alone.

(3) Structural Relationships. Blairmore and Belly River strata may
be distinguished by considering their relations with other known forma-
tions. Where the beds underlie ‘“Benton’ shales they are Blairmore,
where they overlie, they are Belly River. Since thrust faulting may cause
Blairmore beds to overlie “Benton” beds, position alone is not always a
definite indication of age, but must be considered in relation to structure.
Within the “Benton,” fossils are of common occurrence and Upper ‘“Ben-
ton” is readily divisible from Lower Benton, a feature which is of very
great value in the interpretation of structure. To the east and west of the
areas of Blairmore shown on the map, Lower Benton shales carrying
such fossils as Prionotropis and Inoceramus labiatus occur and the latter
fossil also occurs in the shale separating the two bands of Blairmore.
These fossils are conclusive proof of Lower Benton age and since the
structural relationships indicate that they occur on the flanks of an anti-
cline the underlying beds are without doubt Blairmore in age.

TWO PINE ANTICLINE

The anticline represented on Figure 1 and which is shown by these
relationships is somewhat modified by thrust faults and some minor folds.
The western band of Blairmore is probably a small fault block shoved up
over Lower Benton beds, but the eastern and wider band, although some-
what folded and faulted within itself, shows reverse dips on the two flanks
and is thus a sharp, faulted anticline which on account of the prominence,
known as Two Pine hill, in section 13, it is proposed to call the Two Pine
anticline.

The presence of Lower Benton strata on both flanks of the eastern
belt of Blairmore shown on the map (See Figure 1), clearly demonstrates
the anticlinal relationships, but there is a considerable amount of complex
folding within the exposed part of the Blairmore, the best section of which is
shown on the banks of Elbow river. For the most part the dips of the
strata are steep and at the contact of the Lower Benton and Blairmore on
the east flank of the anticline on the south side of Elbow river, there are a
few feet of strata that are overturned. To the southeast it is quite apparent
from regional relationships that the anticlinal axis plunges downwards and
the Blairmore is covered by Lower Benton strata. The exact place where
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the Blairmore disappears is unknown owing to lack of exposures. To the

" northwest, on the strike of the structure, eastward dips are visible in the

Blairmore on the northwest quarter of section 25 and westward dips on tbe
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west side of the Blairmore belt in section 26. Northwest of this, the
anticlinal relations are not apparent and although, in section 35, there
seems to be an eastward dip on the east side of the Blairmore belt, the
exposures are so small that the direction of dip could not be determined
with certainty. It is reasonably certain, though, that either the anticlinal
structure continues into section 35 and vicinity, or that the eastern limb
is cut off by fault. In constructing the accompanying map the presence
of a band of Lower Benton to the east of the Blairmore is assumed and the
structure interpreted as anticlinal rather than faulted. In the north part
of section 35, township 23, range 5, and the south part of section 2, town-
ship 24, range 5, there is a very marked change in strike from northwest to
northeast. Northeast strikes also occur in Belly River beds in the north
part of section 2, township 24, range 5. It is believed that the change of
strike has been brought about by a normal fault transverse to the regional
strike. The Two Pine anticlinal structure is thus terminated in the
northwest by a normal fault. The normal fault is considered to occur at,
approximately, the contact of the Blairmore and Lower Benton on the west
flank of the hill which crosses from section 35 to section 2. This is thought
to be the position, because although there are no exposures, drift material
from the grit zone at the contact of these two formations can be traced for
some distance along the local strike. It is very difficult to form any
opinion regarding the amount of throw of the normal fault and it is assumed
to die out to the southwest. Traced in a northeast direction the fault
swings to the north and to slightly west of north. Accompanying this
change in direction is a change from a normal to a thrust fault. Where the
fault crosses Jumpingpound creek it is a thrust fault of small throw, but
farther northwest, outside the present map-area, it is a thrust fault of
much larger throw. It seems, therefore, that this fault is pivoted about
the area in the vicinity of the south part of section 11, township 24, range 5,
that the northwest part is a thrust fault increasing in throw to the northwest,
and that the southwest part is a normal fault which probably increases.in
throw to a maximum at the northwest end of the Two Pine anticlinal
structure, but farther southwest gradually decreases until it disappears.
It cuts off the northwest end of the Two Pine anticlinal structure, since no
Blairmore rocks have been observed in this vicinity north of the fault and
are not present anywhere on range 5 on Jumpingpound creek.

. One feature of the Two Pine anticlinal structure apparently has not
been understood by a number of people who hold oil and gas leases in this
vicinity. The lower rocks, i.e. the Blairmore, occur in the highest topo-
graphic features, whereas the flanks of the anticlinal structure are marked
by valleys. This is exactly the reverse of the situation in Turner valley
where the flanks of the anticline are ridges and the axial part, occupied by
“Benton” shales, underlies a valley between the ridges. The explanation
of the origin of the topographic features is the same for both areas: these
features are the results of weathering acting on strata of different hardness
and resistance, the softer rocks now occupy the low-lying or valley areas
and the harder rocks form the hills whose heights in some degree are
proportional to the resistance of the rocks composing them.
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OIL AND GAS PROSPECTS

The steep dips of the strata that occur in the Two Pine anticlinal
structure, as well as the folding and faulting within the anticline, are indi-
cations of rather severe metamorphism. A certain amount of deformation
of the rocks resulting in the formation of anticlines is favourable for the
accumulation of oil and gas where a source for these materials exists,
because during the deformation, the oil and gas are squeezed out of the
petroliferous-bearing formations into horizons suitable for their retention
under favourable structural conditions. On the other hand, too severe
deformation is considered harmful, for in extreme cases all oil and gas are
either completely driven out of the severely compressed rocks or are
destroyed. To what extent the deformation of the Two Pine anticlinal
structure has affected the content of any oil or gas horizons within it cannot
as yet be estimated because of the fact that very little information regarding
the oil prospects of the foothills, exclusive of Turner valley, is known.
A comparison with Turner valley is very difficult because the strata there
visible at the surface are soft shales which undoubtedly reacted to severe
stress in a way very different from that followed by the more resistant and
harder rocks of the Blairmore formation, which form the outcrops over the
central part of the Two Pine anticline. In the absence of data on the
detailed structure of the Blairmore underlying Turner valley any com-
parison of the Blairmore strata of Turner valley with the corresponding
beds of Two Pine anticline is impracticable, so far as it bears on the relation
of metamorphism to oil occurrence.

The presence in the Two Pine anticline of commercial quantities of oil
and gas depends primarily on the existence of reservoir rocks suited to
contain oil and gas if such occur. No drilling having been completed the
best inferences are afforded by the study of the outcrops of the various
formations. On Canyon creek and Elbow river in the vicinity of Moose
mountain, the Blairmore, Kootenay, Fernie, and the upper part of the
Palzozoic, formations are exposed. All of these have not been closely
studied with the object of finding to what extent they would afford reservoirs
for oil and gas, but it is known that the upper part of the Palzozoic holds
highly porous zones containing a bitumen-like material such as would be
left after the dissipation of a former content of petroleum. Not only are
the porosity and bitumen-like content striking facts, but the occurrence in
several wells in Turner valley of oil and gas in what appears to be the same
horizon leads to the assumption that this porous zone is of regional extent
and that where it occurs under favourable metamorphic and structural
conditions it may be expected to yield oil and gas. General conditions
thus seem to warrant the assumption that the porosity of the Palzozoic
rocks will be maintained under the area of the Two Pine anticline and,
provided metamorphism has not been too severe, the Pal®ozoic beds may
be expected to yield large quantities of oil and gas. Other possible oil and
gas horizons younger than those in the Pal®ozoic rocks may be present in
the Two Pine anticline, but the available information does not warrant
assuming the existence of any horizons other than those that produce oil
from the Blairmore in Turner Valley area. If wells are drilled on the
Two Pine anticlinal structure and commence in the Blairmore formation,

67538—2%
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it is obvious that little or no production should be expected from the higher
parts of this formation, because even though some oil and gas shows might
be encountered there is no cover to retain any oil or gas that originally may
have been present. In the lower part of the Blairmore and in the under-
lying Kootenay and Fernie, some oil and gas production might result if
porous horizons exist, for these formations at their outcrops on the east
side of Moose mountain are mostly dark-coloured rocks with indications of
petroliferous materials. Present available data, however, seem to point to the
Pal®ozoic rocks as being the most promising reservoir horizons and,
therefore, it is believed that any contemplated wells should be planned to
reach this deep zone of porosity.

It is very difficult to estimate the depth to the Palmozoic porous zone
on the Two Pine anticlinal structure. The thickness of strata to be drilled
obviously depends not only on the stratigraphical thickness but also on the
degree of inclination of the strata. The following table illustrates the
increase in drilling depth for a vertical hole with an increase in dip.

Strati- Approximate
Degree of dip graphical drilling
thickness thickness

100 100
100 106
100 115
100 130
100 141
100 155
100 200
100 202

It will be noticed that for small dips up to 20 degrees, the drilling
thickness is very little in excess of the stratigraphical thickness, but for a
dip of 60 degrees the thickness that must be drilled is twice the thickness of
the strata and for dips greater than 60 degrees the drilling depth increases
so rapidly that it would be impracticable to drill through any great strati-
graphical thickness. On Canyon creek and Elbow river, in the vicinity
of Moose mountain, the thickness of strata from the top of the Blairmore
to the porous zone within the Pal®ozoic rocks has been estimated to be
approximately 2,500 feet. The Blairmore, Kootenay, and Fernie for-
mations, however, are known to have a somewhat variable thickness and
it has been thought that the Blairmore formation thins fairly rapidly to the
east. It is very difficult to estimate the amount of thinning, but possibly
a thickness of 2,000 feet for the strata from the top of the Blairmore to the
porous Paleozoic zone would be a fair estimate of the thickness of these
strata in the Two Pine anticlinal structure. From the table as given
above and from the dips for the Blairmore rocks as shown in Figure 3, the
drilling depth at any point on the Two Pine anticline can be roughly
estimated, but it should be remembered that such estimates depend on the
assumption that the dips as shown on the surface continue to depth, a
condition which is hardly likely to occur. If drilling is attempted on the
Two Pine anticline the drilling sites should be selected where the surface
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dips have a minimum value and where minor folding is least marked.
Even though drilling sites were selected where the surface dip is 60 degrees
the depth in a well to the Pal®dzoic porous zone would be estimated to be
not more than 4,000 feet, provided dips greater than 60 degrees were not
encountered at any point in the well. For dips less than 60 degrees the
drilling depth to the porous Palxozoic horizon would be less than 4,000
feet for wells that commence in the Blairmore formation. As far as can
be judged from the outerops, the lowest dips on the Two Pine anticline
oceur in the south part of section 35 and the north part of section 26,
township 23, range 5. At these places, from the limited number of
exposures available for study, there did not seem to be any surface indi-
cation of minor folding. Well sites chosen within this area would have the
advantage of being in a valley in easy reach of water and, in a dry season,
could be made accessible by a limited amount of labour and expense in
repairing the already existing trail from Bragg Creek.

There are at present two drilling sites in proximity to the Two Pine
anticlinal structure. These are the Cherokee well on section 33, township
23, range 5, and the Signal Hill No. 2 well on section 34, township 23,
range 5. The Cherokee well started very close to the Belly River-“Benton”
contact where the strata dip to the west at an inclination of from 55 to
65 degrees. If an average dip of 60 degrees be assumed, and, as the
“Benton” is approximately 3,000 feet thick, it follows that the Cherokee
well could not reach the top of the Blairmore at a vertical depth less than
6,000 feet. Also, if a thickness of approximately 2,000 feet from the
top of the Blairmore to the porous Palzozoic zone be accepted as correct
and the 60-degree dip continues throughout the well, the drilling depth
to the porous Palzozoic zone would be approximately 10,000 feet. It is,
of course, possible that the degree of dip of the strata decreases in depth,
but since the stratigraphical thickness from the top of the “Benton’’ to
the porous Pal®ozoic zone is considered to be 5,000 feet, the drilling depth
under the most favourable conditions that could reasonably be assumed
would be very great.

Signal Hill No. 2 well is located on the west flank of the Two Pine
anticlinal structure, but is separated from it by a thrust fault following
the strike of the formations and a normal fault transverse to the strike
(See Figure 1). Drilling commenced at an horizon some distance down
in the Lower Benton, the total thickness of which is believed to be not
more than 1,000 feet and is probably somewhat less. There is no direct
evidence of the existence of the thrust fault shown on the map east of
Signal Hill well, but since the fault is present to the southeast and north-
west, 1t is probably also present in the intervening area. The effect of
such a fault on possible oil and gas production is important. If Blairmore
beds are thrust over and rest against ‘“Benton’’ strata, any porous horizons
in the westward-dipping Blairmore formation would be expected to be
sealed by the ‘“Benton” shales. Porous zones occur in the upper part
of the Blairmore formation in Turner valley and not improbably occur
in this area also. From observations on several thrust faults within this
general area it is known that the fault planes are steep, usually departing
by only 15 to 20 degrees from the vertical, although in exceptional cases
flat fault planes are present. The exact position and inclination of the fault
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in the Signal Hill well area are not known and, therefore, it is not possible
to make a reliable estimate of the depth at which the fault should be
encountered in the Signal Hill well. The most probable depth would
seem to be about 2,000 feet, but might be somewhat more. If the porous
horizons of the Blairmore formation are encountered above this depth
the prospect for the occurrence of oil and gas in them would seem to be
favourable, judging from conditions that occur in Turner Valley area.
The whole situation at the Signal Hill well, however, is so complicated
by faulting that predictions are not of much value. It is thought, how-
ever, that prospects of production from Blairmore strata below the thrust
fault are not good, since below the thrust fault the migration of oil and gas
is likely to be eastwards up the dip towards the outerops on near-by hills
where escape would probably take place owing to lack of a suitable retaining
cover. If in the Signal Hill well, production is not secured from the
Blairmore above the thrust fault, prospects of production will depend
on the finding of the Pal®ozoic oil and gas-bearing horizons at a much
greater depth. As neither the exact amount of thrusting due to the fault
nor the dips of the strata encountered are known, it is not possible to
predict the depth at which the lower porous zone would be reached.
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STRATIGRAPHY, STRUCTURE, AND CLAY DEPOSITS OF EAST-
END AREA, CYPRESS HILLS, SASKATCHEWAN

By F. H. McLearn
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INTRODUCTION

An area in the eastern end of Cypress hills, 17 by 19 miles, was
examined in the summer of 1927. This area lies north and south of French-
man river and east of longitude 109 degrees. The town of Eastend ig situ-
ated in the middle of it. This detailed study of a small area was under-
taken as a basis for more extended studies in southern Saskatchewan.

Acknowledgment is made to A. Pentland, H. Johnson, and O. L. Back-
man for valuable assistance in the field. In the office, F. J. Fraser, Borings
Division, has made sizing tests of the sandstones and has determined their
mineral contents. Appendix I, on heavy minerals in the sandstones, has been
prepared by him. The fossil plants have been studied by W. A. Bell and
the fossil vertebrates by C. M. Sternberg. Dr. 'T. W. Stanton of the United
States Geological Survey has kindly examined the non-marine inverte-
brates from the Ravenscrag formation. Acknowledgment is also made to
Messrs. H. Jones and Gregg, of Eastend, for courtesies rendered by them.

Although no very detailed geological examination of this area has ever
been_made, it has received considerable attention from time to time. G. M.
Dawson,! as geologist to the British North American Boundary Commis-
sion, studied the geology along the international border, but made no
particular examination of this area. He maps most of Cypress hills as
Lignite Tertiary. R. G. McConnell was the first to do actual geological
work in Cypress hills and in his report? describes both the geography and
geology at some length, He arranges the strata in four formations, the
Pierre, Foxhills, Laramie, and Miocene. He saw the white band at the
bottom of his “Laramie”, he understood its possession of qualities distinet
from the remaining part of the “Laramie,” and observed its extension
throughout parts of southern Saskatchewan. He does not, however, treat it
as a separate formation. The irregularity of its component beds did not

1. the Geol d Resources of the Forty-ninth Parallel”’, Montreal, 1875.
" ?MRo%& R.eG.?q‘wesa Hﬁn, Wood Mo:ntain. and Adjacent Country”’; Geol. Nat. Hist. Surv., Canada,
ontreal, .
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escape him, but the disconformity between the white band and the rest of
the “Laramie” was not seen by him. Nor was the economic importance
of the clays in the white band realized at that time; at least no mention
is made of it. The Miocene, the Cypress Hills formation of later reports, is
thoroughly described and its relation to the “Laramie” pointed out. Verte-
brate fossils, including mammals and turtles, collected by McConnell and
T. C. Weston, were studied by Cope and are described in an appendix to
McConnell’s report. He dates the fauna as Oligocene then included in the
Miocene. Later, Cope made further studies! of these collections. Weston
continued his collecting and Lambe spent part of a season in this area. On
the study of these collections Lambe prepared several papers2. With the
work of Ries and Keele3 the importance of the refractory clays in the white
band at the base of the “Laramie” began to be appreciated. In his report
on the “Clay Resources of Southern Saskatchewan”4 Davis gives the
results of the testing of numerous samples. He also revises the section
as follows: Cypress Hills beds (Miocene of McConnell) ; Ravenscrag beds
(upper and greater part of the “Laramie” of MeConnell) ; Whitemud beds
(white band and basal part of the “Laramie” of McConnell); Foxhills;
and Pierre. He expresses the view that the Whitemud clays have come
from the east. In 1921 Sternbergf recorded fragmentary Triceratops
remains from the Whitemud beds and dated them as Lance. Dyer gives a
brief description of the formations of this area. He also claims that the
sandstones of the Whitemud formation increase in coarseness eastward and
advances it as an argument confirming Davis’ theory of the eastern source
of the Whitemud sediments.® McLearn followed Davis and Dyer in their
interpretation of an eastern source of the Whitemud sediments.?

GEOGRAPHY

The highest land is in the north-central and northwest corner of the
map-area, where there is a high, rolling upland, the Anxiety Butte upland,
at an elevation of from 3,600 to 3,900 feet. It is part of an irregular, rolling
surface, extending to the north and west where it rises much higher. It is
everywhere underlain by the resistant Cypress Hills formation. It is deeply
dissected in the northwest corner of the map-area by the valleys of the
upper part of Conglomerate creek and its tributaries, and is also highest
there, being at an elevation of about 3,700 to 3,900 feet. The valleys have
steep, sloping sides, but wide bottoms in their lower downstream parts.
There is some glacial drift on the upland in this corner of the map-area,
but owing to the very considerable amount of post-Glacial erosion little or
no drift remains in the valleys. The eastern part of this upland lies north,

1 Cope, E. D.: Cont. Can. Pal. III, pt. I g%ﬂl). 3
2 Lambe, L. M.: Cont. Can. Pal. II1, pt. IV (1808), and papers in Trans. Ro

y. Soe., Canada.
3 Ries, H., and Keele, J.: Geol. Surv., Canada, Mem. 25, p. 45 (1913). Keele, J.: Geol. Surv., Canada, Mem .
66, p. 26 (1915).

G d]ia(‘;l;isl)m B.: “Report on the Clay Resources of Southern Saskatchewan"; Mines B h, Dept. of Mines,
ana, .
8 Sternberg, C. M,: Can. Field Nat., vol. 38, No. 4, pp. 69-70 (April, 1924).

N ];Dy;z,s \89287) “Qil and Gas Prospects in Southern Saskatchewan’; Geol. Surv., Canada, Sum. Rept. 1926,
. B, p. .

L McLearn, F. H.: in McLearn and Hume, *The Stratigraphy and Oil Prospects of Alberta, Canada’; Bull.
Am, Ass. Petr>l. Geols., 11, No. 3, p. 249 (March, 1027).
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west, and southwest of Anxiety butte and is a little lower than the western
part just described, being at an elevation of from 3,600 to 3,700 feet. It is
not dissected to the same extent as the western part. It has a rolling surface
mantled with boulder clay, etc., and bearing many undrained shallow lakes,
The Anxiety Butte upland, in its western part, is separated from the lower
Eastend upland to the south by the valley of Conglomerate creek and its
southern border is steep, being formed by the steep slopes of Conglomerate
Creek valley. In its eastern part no valley lies between this upland and the
lower Whitemud upland to the east. Southeast of Anxiety butte it is about
marked by a zone of southerly slopes at a grade of about 100 feet to the
mile. On its eastern border it presents steep slopes to Swift Current creek,
the valley of which separates it from the northern extension of the much
lower Whitemud upland to the east. Southeast of Anxiety butte it is about
2 miles across the valley from the edge of one upland to that of the other
and the drop is 500 feet.

The Eastend upland lies south of the Anxiety Butte upland. It
occupies the west-central and southwestern parts of the map-area and is
crossed by Frenchman valley which separates it into a northern and
southern part. It is at an elevation of 3,400 to 3,500 feet, is rolling but
definitely sloping, and about 200 feet below the Anxiety Butte upland.
It is underlain by the Ravenscrag formation and mantled by boulder
clay, ete., on whose uneven surface lie many undrained, shallow lakes.
In the southwestern corner of the map-area and on this upland is an area
of small lakes and kame-like hills, possibly a morainal area. Two
eminences rise without abrupt boundaries on this upland and are under-
lain by strata of the Cypress Hills formation; they may be regarded as
southern outliers of the Anxiety Butte upland. Ome of these eminences
is Ravenscrag butte north of Frenchman valley, the other is an unnamed
eminence on the southern and opposite side of Frenchman River valley.
The western and southern boundaries of the Eastend upland are off the
map-area. It is bounded on the east, in its northern part, by Eastendi
coulée. In its southern part it is bounded on the east by a long, low
slope to a broad, shallow valley, sloping and draining to the north and
partly dissected by Galleon coulée and Morrison coulée.

The eastern third of the map-area, from north to south, is occupied
by a third and yet lower upland, the Whitemud upland, at an elevation
of from about 3,050 to 3,200 feet and, in this map-area at least, sloping to
the north. Its surface is undulating and drift-covered, with some undrained
lakes, sloughs, ete. It is developed on the Ravenscrag formation chiefly.

A fourth important geographic unit is the valley of Frenchman river
which enters the western border of the map-area and cuts across the
Eastend upland in an easterly direction, except for a short north-south
stretch a little west of the town of Eastend. Near the middle of the map-
area beyond the junction with Eastend coulée, it enters the low White-
mud upland and turns south and southeast, cutting through the White-
mud upland, the walls of the valley becoming higher with the rising of
that upland in a southeasterly direction. The valley is 400 to 500 feet deep
in the west, where it cuts through the Eastend upland, and 1% to 2 miles
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broad. The valley bottom is flat, narrow in the west, but broad in the
east. From these flats, drift-covered slopes rise gradually to the steep
cliffs on the valley margins. The present river is cutting down a little
and also planing laterally, particularly where the valley is narrow, as
on the west border of the map-area, and at the town of Eastend, but
in places where the valley is broad there is little lateral planation and the
drift-mantled spurs are not truncated. The steep cliffs along the borders
of the valley are cut by short valleys or gullies, with rounded bottoms
underlain by boulder clay, gravel, silt, etc. The ecliffs and gulch sides
are in many places washed clean of drift, leaving bare cliffs of naked
rock. This is most marked on the northern bank where for 5 miles
along the cliff there is an almost continuous outerop. In addition, from
the present river bottom, recent or narrow valleys or canyons cut in the
drift or rock, run back to the cliffs, and continue as very deep and steep-
walled canyons, carved out of the flat or rounded bottoms of the gulches.
These canyons, like the high cliffs, give good rock exposures. Some of the
side gulches are not penetrated by the recent canyons, however, and retain
their smooth, flat, or rounded bottoms. To the south, beyond Eastend
and to where it passes off the southeastern corner of the map-area, the
river flows on a broad, flat bottom with sinuous oxbow curves and leaving
some oxbow lakes. There ig little incising and practically no lateral
planation. The sides of the valley are steep and are highest in the south-
east, nearly 300 feet above the bottom.

Eastend coulée is a broad, flat-bottomed valley, silt and drift cov-
ered. Although not much higher than Frenchman valley, north of it
Swift Current creek flows northward and south of it the Frenchman con-
tinues eastward and southward.

The valleys, and even some of the tributary valleys and gulches,
are pre-Glacial or Interglacial and the amount of post-Glacial erosion is
not interpreted as great. .

STRATIGRAPHY

MARINE SHALES

Friable dark shales and somewhat arenaceous dark shales, with, in
places, round concretions, oceur on the lowest slopes and flats of all the large
valleys of Eastend area and are known to extend down to river-level in the
central and eastern parts of the area. They contain marine fossils only,
which are not common and not well preserved, but are sufficient to demon-
strate the marine origin of the shales, Baculites grandis was found in con-
cretions in dark, friable shale at river-level on the west bank of Frenchman
river near the mouth of Morrison coulée, Poor specimens of the following
were found in arenaceous shale near the contact with the “Yellow sand-
stones,” in a canyon on the south side of Frenchman valley southwest of
the Eastend cemetery: Scaphites ? sp.; Corbicula sp.; Lucina ? sp.; Lio-
pistha sp.; and Lingula sp. These marine shales are apparently conformable
with the “Yellow sandstones” above.
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YELLOW SANDSTONES

Between the marine shales below and the Whitemud beds above are
very fine sandstones and shales, varying much in thickness, but in places
65 to 100+ feet thick. They consist mostly of massive sandstone above and
alternating beds of sandstone and shale below. The massive sandstone may
be in direct contact with the basal Whitemud sandstone and grade into it
so that the actual boundary may be difficult to determine or may be sep-
arated from it by a bed of shale or zone of alternating sandstone and shale.
The contact appears to be a conformable one. The massive sandstone is very
fine grained, commonly yellowish, rusty, or buff in colour, but grey in places,
and contains many small yellow or reddish ironstone concretions and in
places large sandstone concretions. Tt is crossbedded in places on a large
scale. The lower part consists of beds of grey and yellowish, or rusty,
very fine sandstones, arenaceous shales, etc. No coal seams are known to
be present in this area. Four samples of the massive sandstone were
tested in the laboratory (See Appendix I by F. J. Fraser). All four are
below fine sand grade and are of superfine sand or coarse silt grade. The per-
centage of clay grade is from 4 to 9. All four samples are either calcareous
or dolomitic. The component grains are of feldspar, quartz, dark argillite,
biotite, and muscovite. The heavy mineral suite includes zircon, tour-
maline, garnet, epidote, andalusite, ilmenite, apatite (absent in one sample),
and rutile (absent in one sample but common in two). No hornblende
was reported.

No fossils were found except just at the contact with the marine
shales, where the pelecypod Gervillia was observed. No plant fossils
were found and practically no roots or plant debris of any kind. The
basal part is probably marine, but it is difficult to say at present whether
the upper part is marine or non-marine. With the evidence now at hand:
it is also difficult to either date or name these beds.

Stratigraphically they have, in a sense, the position of both the Estevan
and Foxhills beds. If marine, these beds should be called Foxhills. The
typical Estevan of eastern Saskatchewan is a fairly thick formation, con-
tains coal beds, and carries a Lance dinosaur fauna through a range of
about 150 feet. To be called Estevan, therefore, a formation or member
should be of non-marine origin and of Lance age. Until more evidence
is gathered it will be necessary to defer any decision as to the dating or
naming of the Yellow sandstones.

WHITEMUD

This stratal unit is the white band of McConnell’s report and has been
named Whitemud by Davis, who included it, as a division, in the Fort
Union formation. Its status as member or formation is best deferred until
more is known of the stratigraphy of southern Saskatchewan. Its light-
coloured sediments form a prominent white band in the cliffs on the valley
sides in many parts of Eastend area. Good exposures occur on both the
north and south slopes of Frenchman valley from Eastend to the west
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border of the area, on the west slope of Eastend coulée, and on both slopes
of Frenchman valley in the southeastern corner of the map-area.

This is the type area for the Whitemud beds. The exact limits of the
formation, however, have not yet been clearly defined. It is, therefore,
necessary that the limits herein tentatively adopted be clearly stated. The
lower contact with the yellow sandstones is apparently a conformable one
and the base of the Whitemud beds is drawn where the sediments pass from
very fine yellowish or grey sandstone to less fine sandstone and where the
clay in the sandstone becomes appreciable and sufficient to give the rock
a white or pale grey or pale green colour. The upper limit is tentatively
drawn, not at the top of the typical Whitemud sediments, but at an
unconformity hereafter to be described, and, where the disconformity is
obscure, about midway between the top of the typical Whitemud sediments
and the first coal seam in the overlying Ravenserag formation. This
upper limit will be better understood when the disconformity is described.
If tfhe limits are so drawn the thickness of the Whitemud beds is about
75 ieet.

The sediments peculiar to and typical of this stratal unit are partly
kaolinized feldspathic fine sandstones, partly kaolinized feldspathic and
arenaceous silts and semirefractory and refractory clays. In addition,
and in lesser amount, are dark grey and greenish shales, carbonaceous
shales, and thin coal seams.

The partly kaolinized feldspathic sandstones are pale grey and pale
green to nearly white. At a distance they appear almost snow white.
Although they have no cement they stand up well in cliffs. They consist
of grains of feldspar, quartz, muscovite, dark grey to black, hard shale or
argillite, some biotite, peculiar brown spherules, a very considerable pro-
portion of semirefractory clay, and a variety of accessory heavy minerals.
There is little staining by oxide of iron. The grains are irregular and
angular in shape. Fraser reports a somewhat greater proportion of
quartz grains than in either the Yellow sandstones or Ravenscrag beds.
Many of the feldspar grains show partial decomposition. The brown
spherical aggregates are secondary. The heavy minerals determined by
Fraser include zircon, tourmaline, ilmenite, anatase, and rutile in fair
proportions and apatite, garnet, and epidote much rarer.

The Whitemud sandstones are fine grained. Of eleven samples exam-
ined ten fall within Boswell’s classification of a fine sandstone, i.e., having
the graing less than 025 mm. and greater than 0-10 mm. in diameter. Only
one sample falls within the medium sand grade, i.e. having grains between
0-5 mm. and 0-25 mm. diameter. In all samples examined there is a high
percentage of sediment of silt and clay grades. The silt content in the
gsamples examined varies from 16-5 to 72-4 per cent and roughly varies
inversely with the percentage of sand grade. The proportion of clay grade
is considerable in all samples examined, varying from 12-5 to 46 per cent.

Six of the samples examined fall within the coarse silt or super-
fine sand grade. All these samples also contain high percentages of clay, i.e.,
are mixtures of sediment of silt and clay grades. They are pale green or
grey or white and consist of grains of feldspar, quartz, white mica, black
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or dark grey argillite, and some brown spherical aggregates. There is
very little staining by oxide of iron. The heavy mineral suite is as in the
sandstones, Ironstone concretions are present in places.

The semirefractory clays are white to pale green and grey.

The carbonaceous shales are brown or black and some of them carry
plant remains, stems, etc. The coal is lignitic like that in the Ravenscrag
beds. No special study has been made of the dark shales.

The Whitemud beds vary much from place to place, but a common
section, phase A, which may be called the typical section, is one which has
already been briefly outlined by Dyert. It is described below in greater
detail and important departures from it are pointed out. It consists of the
following four zones in ascending order: a thick zone of partly kaolinized
feldspathic fine sandstone; a bed of coal or carbonaceous shale or zone of
beds of coal, carbonaceous shale, grey shale, clay, sandstone, etc.; a zone
of beds of semirefractory clay, arenaceous silt, and partly kaolinized
feldspathic sandstone; and, if the contact with the overlying Ravenscrag
beds be drawn tentatively as herein, a zone of dark shale.

The lowest zone varies from 40 feet to somewhat less than this in thick-
ness and consists, in many places, entirely of the partly kaolinized felds-
pathic fine sandstone, which is for the most part massive, but may vary
glightly in colour from light yellowish green to white, in proportion and
size of mica flakes, and in grain and in amount of clay, i.e., in degree of
kaolinization. These variations may be manifested as two or three
separate thick layers or as gradual changes either vertically or laterally.
Not enough of the samples collected have yet been tested to determine the
nature of the variation. Samples “1”, “2”, and “3” show lateral changes
near the base of the zone. No. “1” is of the yellowish green phase and
is low in clay, in spite of its'fine grain, and its low percentage of sand
grade. Nos. “2” and “3” are lighter coloured, “3” is about white, and
both are much higher in percentage of clay than “1”. The lowest pant
is commonly somewhat yellowish green and is a poor cliffmaker, whereas
the middle and upper parts are commonly white or very pale green and
grey and are good cliffmakers. In one section a thick bed of light green
micaceous variety overlies a thick bed of the white or very pale grey
variety. As among the samples so far tested the greenish yellow phases
are low in clay, it may be that on the average there is greater kaolinization
in the middle and upper parts. However, the sample lowest in clay is of
the pale grey variety and came from near the top of the zone, so that what-
ever the average variation may be there is at least some lack of uniformity.
In some sections there is crossbedding on a large scale and of the aqueous
type. A few carbonaceous streaks appear in places and a few large concre-
tions are found. At the top of this zone and immediately under the bed of
coal or carbonaceous shale of the second zone, the sandstone is brownish or
brownish red, has roots, some apparently long tap roots, and other plant
remains. In a few places the upper beds of this zone consist of dark shales,
ete., possibly a transition to phase E.

1 Dyer, W. 8.: Geol. Surv., Canada, Sum. Rept. 1926, pt. B, p. 33 (1927).
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The second or carbonaceous zone varies much in this area. On the
north side of Frenchman valley, north and northwest of Knollys, this zone
where present is comparatively thin, from about 8 inches to about 3 feet
9 inches, and consists of few layers. West of Eastend where present on
the north side of the valley, it consists chiefly of a layer of brown carbon-
aceous shale, North of Eastend and on the west side of Eastend coulée the
zone is much thicker and includes three carbonaceous or coaly layers. On
the south side of the valley, south and southwest of Knollys, the zone
is thin.

The zone of semirefractory clay above the carbonaceous zone varies
much in thickness and in component beds from place to place. The beds
are somewhat irregular, and not very thick, commonly from a few inches
to 34 feet, but thicker in places. They are chiefly of beds of semi-
refractory clay, clay-bearing arenaceous and feldspathie silt, and clay-bear-
ing or partly kaolinized, feldspathic fine sandstone. The clays and silts of
the Whitemud beds are almost exclusively confined to this zone. Some of
the clay beds show very fine banding. A few beds carry plant debris.
The combined thickness of the carbonaceous and clay zones varies from
about 10 to about 30 feet.

The highest zone is of dark shale and consists chiefly of thick beds of
dark grey and green shales, clay shales, and arenaceous shales. The thick-
ness varies from about 10 to 25 feet.

There are important departures from the foregoing typical or “A”

.phase. In a few rare sections, “B” phase, the part between the carbon-
aceous and dark shale zones, normally occupied by the clay, silt, and sand-
stone of the clay zone, consists almost entirely of the massive clay-
bearing, partly kaolinized sandstone. This phase is very rare. In another
type of section, phase “C”, there isno carbonaceous zone and the beds of the
clay zone rest immediately on the massive sandstone of the basal zone.
Sections on the north gide of Frenchman valley in the very western
part of the map-area and in other parts of the area where the carbonaceous
zone is absent, are of this phase. Dyer has noted in places the absence
of the carbonaceous layers!. No exact example has been found of a
section, phase “D”, combining the peculiarities of phases “B” and “C”,
in which the position of the carbonaceous beds of the carbonaceous zone and
of the clay and silt of the refractory clay zone, is occupied by massive clay-
bearing sandstone so that the section would consist of thick, massive clay-
bearing sandstone below and dark shale above. A section south of Knollys
is close to this phase, however. Other sections, phase “E”, are more difficult
to understand. The uppermost dark shale zone increases in thickness at
the expense of the lower zones of typical Whitemud development. The
positions of the refractory clay and carbonaceous zones, and even much
of the massive sandstone zone, become occupied by dark shale, ete., so that
in places the section consists of only a few feet of the white or greenish,
clay-bearing, massive sandstone overlain by a considerable thickness of
dark shale, silts, and fine greenish sandstones, as in the northern part of
the sheet, just north of Southfork, and in the extreme southeastern corner

1 Dyer, W. 8.: Op. cit., p. 33 B.
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of the map-area on both sides of Frenchman valley. This phase of the
Whitemud beds is further discussed under “Origin of Sediments.”

No fossils have yet been found in the typical Whitemud beds, i.e.,
in the three lowest of its four zones. The dark grey and greenish clays
or shales, fine greenish sandstones, etc., however, which in some places
replace them laterally, or at least occupy their stratigraphic position
(phase E), contain dinosaur and other land and freshwater invertebrates
and appear to be of Lance age. On the northeast bank of Frenchman river,
just off the southeast corner of the map-area, in dark green shale immedi-
ately over typical Whitemud white, clay-bearing sandstone, at the same
stratigraphic level as some typical Whitemud sandstone not 100 yards
away, part of a crest of horned dinosaur was found, to which Sternberg
gave the field identification of T'riceratops. A few fossils were also found
just north of the village of Southfork in the dark and greenish shales
and very fine sands, which are so well developed there at the expense of
the other zones (phase “E”). Although these fossils cannot be identi-
fied as to species, they afford additional evidence that dinosaurs are
present in the dark shales, etc., of the sections of phase “E” whatever
the exact relations of these beds may be to the normal sediments of the
Whitemud. One specimen, a vertebra of an herbivorous dinosaur, came
from just at the border between the light sandstone and dark shale. The
following land and freshwater vertebrates came from the overlying dark
ghales, etc., and from below a bed of dark green sandstone locally taken as
the base of the Ravenserag: scales of the ganoid (pike fish) Lepisosteus
occidentalis, plates of the sturgeon Acipenser sp. indt., part of a jaw of the
fish Kindleia fragosa, part of a vertebra of the fish Pappichthys ?, vertebra
of a small fish, fragments of the carapace of at least three species of Triny-
chid turtles, rib of the Rhynchocephalian reptile Champsosaurus, crocedile
teeth, teeth of horned dinosaur (smaller than the average Triceratops tooth,
but may be of that genus), fragment of tooth of a duck bhill dinosaur,
fragments of ribs of herbivorous dinosaur, and fragments of the phalanges
of a carnivorous dinosaur. The identifications are by C. M. Sternberg.
If these beds are equivalent in time with the typical Whitemud sedi-
ments, as well as equivalent in stratigraphic position, the typical Whitemud
beds are also of Lance age. The typical Whitemud beds are certainly
not later than Lance, for the basal Ravenscrag beds up to the No. 1 coal
seam contain dinosaur remains and are of Lance age. If the typical
Whitemud beds of the Eastend area are equivalent in age to those farther
east (which they probably are, but are not yet proved to be) they are not
earlier than Lance, for the underlying Estevan beds carry dinosaurs of
Lance age, on Rocky creek®. The available evidence, therefore, points
to a probable Lance age for the typical Whitemud sediments and to a Lance
age for the dark grey and green shales, silts, and fine sands which in places
occupy their stratigraphic position (phase E). Beds similar to the White-
mud have been reported from North Dakota and northeastern Montana
and may be of the same age. They have been placed in the Fort Union
formation, but on what fossil grounds is not known. No sediments of

18ternberg, C. M.: Can, Field Nat., vol. 88, No. 4, pp. 66-70 (1934).
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the Whitemud type have yet been reported from Alberta. They are absent
from Red Deer Valley area and if once present were removed during
the interval of erosion prior to the deposition of the sediments of the
Paskapoo formation.

In the absence of several lines of converging evidence or of over-
whelming fossil evidence it is difficult to determine whether any given
strata are of marine or non-marine origin, but the Whitemud beds are
in part at least non-marine and there is no evidence that any part is
marine. The presence of coal beds, roots, and other plant debris in the
carbonaceous zone indicates non-marine conditions. The presence of land
reptiles, freshwater fish, and plant debris in the dark shales and fine sand-
stones of phase E, together with the rapid lateral changes in the beds,
favour a non-marine origin for these strata. The presence of some plant
" debris and the irregularity of bedding in the semirefractory clay zone
point to flood-plain, rather than marine, deposition for that part of the
section.

LOCAL UNCONFORMITY

At the top of the Whitemud beds there is an erosional unconformity
which, although probably representing only a short time interval, is met
with over nearly all the Eastend area and has an important bearing on
the distribution of the Whitemud clay beds. It has been made use of in
tentatively assigning an upward limit to the Whitemud beds. In some
places this unconformity is obscure, but in other places is most apparent.
After the deposition of the typical Whitemud beds and the dark shales
above them and prior to the deposition of the dark green sandstone, the
dark shale, and the No. 1 coal seam of the basal Ravenscrag, there was an
interval of erosion which affected some places more than others. In some
places there is no apparent evidence of erosion and the actual position of
the unconformity is difficult to locate, particularly if the lowest beds of the
Ravenscrag are dark shales like the highest Whitemud beds., It is difficult
to say in these places whether there is a break in the succession or whether
there is an unbroken sequence. In many places, however, there is no doubt
of the presence of an unconformity, where the contact with the dark green
sandstone cuts downward across the dark shale, the semirefractory clay
zone, the carbonaceous zone, and even in a few places to within 5 or 10 feet
of the bottom of the partly kaolinized sandstone zone, representing a remov-
al of at least 65 to 70 feet of Whitemud strata. In such places the slope of
the contact varies from a few degrees to almost vertical. Where the White-
mud is cut in to any extent, the basal rock of the Ravenscrag is a dark green,
medium-grained sandstone, which to some extent at least is thickest where
the depth of penetration is the greatest. It is as though the hollows were
filled with the dark green sand and then the dark grey or green mud
deposition were resumed. Along the contact and in the bottom of the dark
green sandstone, particularly where the contact is steep, are irregularly
shaped fragments of the dark shale, clay, and white clay-bearing sandstone
of the Whitemud which probably had fallen in from the side; in ome place
some of these fragments are 18 inches across.
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One phase of the unconformity deserves particular attenticn. In
places the contact follows a long way, some part of the Whitemud carbon-
aceous zone, and the basal Ravenscrag is a thick bed of the dark green
sandstone, e.g., in sections BC and GH (See¢ map). Superficially in such
places a conformable contact is suggested, even though the refractory clay
and dark shale zones are not present. It was, therefore, considered neces-
sary to examine a part of this contact in detail and to determine whether
or not it is conformable. This was done for section GH. The carbonaceous
zone in this section is fairly thick and contains three carbonaceous or coaly
beds that can be readily recognized and traced for a long distance. Careful
observation shows that the base of the Ravenscrag dark green sandstone
rises and falls, the contact being in some places with the lower coaly bed,
in other places with the middle black carbonaceous shale layer, in other
places with the upper coaly layer and even with higher beds. One artificial
exposure of the contact shows the effect of erosion on a small scale. A
soft grey shale under the upper coaly layer and its subjacent brown
carbonaceous shale layer was easily eroded and carried away, wndermining
the coal and carbonaceous layers and causing them to partly cave in. The
dark green sand of the basal Ravenscrag was later deposited under and
around the partly broken and fallen coaly or brown carbonaceous layers.
Another artificial exposure of the contact shows in detail the effect of
erosion. A coaly layer has been partly destroyed and undermined, so that
its broken end extends out into the dark green sandstone of the basal
Ravenscrag. It is concluded, therefore, that there is in this part of the
section, not a continuous sequence but an erosional break. It is not known,
however, how much or what kind of Whitemud sediment has been removed.
'The plant-bearing, brown carbonaceous shales in their original state of
mud with matted vegetation and the coaly layers in their original state of
peaty layers with logs, sticks, stems, etec., appear to have been more resist-
ant than the clay shales and sandstones in their original state of clay, sand,
ete. This probably explains why the contact of the basal green sandstone
of the Ravenscrag is with the carbonaceous zone in so many places.

There is no angular unconformity. What folding there is in the
Whitemud appears to be shared by the Ravenscrag and the distance
between the base of the carbonaceous layer in the Whitemud and the No. 1
seam in the Ravenscrag is fairly uniform, about 55 to 60 feet over much of
Eastend area.

Where there is lateral substitution of the typical Whitemud sediments
by the dark shales, ete., of phase E, it is difficult to locate the break and
to obtain evidence of erosion. In some such places there may be little or
no break in the sequence.

The erosional interval is not a long one, and erosion is merely a local
phenomenon of Lance time, for the Whitemud beds are probably of Lance
age and the basal Ravenscrag below the No. 1 coal seam appears without
doubt to be of Lance age. The break, therefore, is merely of the nature
of a local erosional unconformity and cannot be compared in magnitude
with that between the Edmonton and Paskapoo of Alberta; the Edmonton
is pre-Lance and probably pre-Whitemud and the Paskapoo is not only
post-Lance and post-basal-Ravenserag but post-Fort Union.

675383
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RAVENSCRAG

The name Ravenscrag was given by Davis to that part of the Fort
Union formation, i.e., Fort Union as interpreted by him, lying between the
Whitemud beds and the Cypress Hills conglomerate. The Ravenscrag beds
underlie a large part of the area and are exposed in the higher parts of the
cliffs on both slopes of Frenchman River valley from Eastend westward, on
the west slope of Eastend coulée, at Anxiety butte, and on both sides of
Frenchman valley in the southeastern corner of Eastend map-area. There
are also a few exposures on Conglomerate creek and its tributaries.

In Eastend area where the contact is with the lower zones of the
Whitemud, the basal part consists of thick, dark green, massive sandstones
in places crossbedded on a large scale. Where the lower contact does not
penetrate deeply into the Whitemud, the sandstone passes into dark grey or
greenish shale both laterally and upward. Where thick and massive it
carries numerous, large, irregularly shaped concretions that appear to be
merely well cemented and resistant parts of the normal sandstone. In the
lowest part of the dark green sandstone, near the contact as already noted,
are fragments from various beds of the Whitemud. Above the dark green
sandstone are about 25 feet or less of dark shale, etc., and above this is the
No. 1 coal seam of the Ravenserag. Above this are greyish and yellowish
sandstones, shales, clay shales in beds of a few inches to 10 feet thick, and
coal seams. There is a considerable amount of plant material in this part
of the formation and some of the coal seams, particularly the large seam
mined at Anxiety butte, have numerous roots and other plant material in
the underlying shale. The higher part of the Ravenscrag consists of thick
beds of buff sandstone with some shale layers and a few very thin coal
beds. The thickness of the Ravenscrag varies and the original total thick-
ness is not known, for the Ravenscrag sediments suffered considerable
erosion before the deposition of the cypress Hills formation. The thickness
in the western part of the map-area on the north side-of the valley just]
northwest of Knollys, is about 240 feet. .

Seven samples of the dark green sandstone have been examined in
the laboratory by Fraser (See Appendix I). All are of sand grade, three
of fine sand grade and four of medium sand grade. The percentage of
sediment of clay grade in these samples is much lower than in any of the
Whitemud sandstones, 2 to 9 per cent. The component grains are feldspar,
quartz, black grains of argillite or hard dark shale, muscovite, and rare
biotite. There are also a few rare chert grains and a few green and pinkish
grains, Some of the grains are stained with oxide of iron. The heavy
mineral suite includes zircon, tourmaline, garnet, epidote, andalusite, apatite,
rutile, ilmenite, and hornblende. The last is only abundant in one speci-
men and scarce, rare, or absent in others. Of seven samples examined from
sandstones between the No. 1 coal seam and the top of the formation, one
is of medium sand grade, two are of fine sand grade, and four are of silt or
superfine sand grade. The clay in two samples of medium and fine sand
grades, respectively, 18 3 and 12 per cent. Four samples are calcareous.
The component grains are feldspar, quartz, argillite, muscovite, and biotite
(common in some samples). The heavy mineral suite includes zircon,
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tourmaline, apatite, garnet, rutile, epidote, anatase, andalusite, and ilmen-
ite, The suite differs little from that of the dark green sandstone.

The basal part of the Ravenserag, below No. 1 coal seam, carries
dinosaurs and is of Lance age. Southwest of the Crawford ranch and on
the north slope of a long spur, in SE.4 sec. 17, tp. 17, range 21, near the
base of the Ravenserag and in a shale layer between two thick beds of
the dark green sandstone, fragments of bone were collected which Stern-
berg states to “have every appearance of herbivorous dinosaur bones, but
on account of their very fragmentary nature” they cannot be definitely
placed. The locality where Mr. H. Jones of Eastend collected a supra-
orbital horn core of Triceratops® and where Sternberg found fragments
of horned dinosaur crest was revisited by Sternberg and the writer. Ad-
ditional fragments of the crest of horned dinosaur were discovered and
found to be coming from the beds of dark green sandstone which overlies
the Whitemud beds at this locality. The horn core collected by Mr. Jones
probably came from the same horizon. At other localities dinosaur bones
were found to range up to within 5 feet of No. 1 coal seam,

Above No. 1 coal seam fossils are rare and consist chiefly of plants
and non-marine invertebrates. The few vertebrate remains are either too
long ranging to be diagnostic or too imperfect and fragmentary for identi-
fication. On the north side of Frenchman valley northwest of Knollys,
and about 25 feet above the No. 1 coal seam, in a bed of light grey silty
clay shale the following were found:

Onoclea sensibilis Newberry

Lemna ? sculata ? Dawson

Sequoia nordenskioldi Newberry (non Heer?)
Cocculus haydemianus Ward

Planera sp.

Sapindus sp.

Apocynophyllum sp.

The identifications are by W. A. Bell, who states that “the assemblage
suggests a Fort Union age, but it is perhaps too small to positively corre-
late the beds containing it with the Fort Union rather than with the Lance.
It would seem to be pre-Paskapoo as none of the above species are present
in the Paskapoo florule recently described by Berry.” A few non-marine
gastropods were found with this flora. Just north of the Crawford ranch
near Chimney coulée the following non-marine fish and reptilian remains
were found in shale and sandstone just above the No. 1 coal seam:

Scales of the ganoid Lepisosteus occidentalis

Plates of the sturgeon Acipenser sp. indt.

Fragments of fish jaw

Fragments of rib of the Rhynchocephalian reptile Champsosaurus. e

The identifications are by Sternberg who notes the long range of the
determinable species and genera, which does not permit a correlation.

18ternberg, C. M.: Can. Field Nat., vol. 38, No, 4, pp. 66-70 (1924),
67538—3%
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On the northern border of the Eastend map-area, on the upper part of
Conglomerate creek, in grey shale and sandstone, the following were
collected:

Unio priscus Meek and Hayden

Sphaerium planum Meek and Hayden ?
Campeloma multilineata Meek and Hayden
Viviparus trochiformis Meek and Hayden
Gomobasis tenuicarinata Meek and Hayden
Thaumastus limnaeiformis Meek and Hayden
Physa sp.

Hydrobia sp.

The above identifications are by Dr. T. W. Stanton, who states that:

“This is a Fort Union assemblage of forms, though practically all of the species
are known to range down into the Lance formation. When they are found in the
Lance, however, they are almost always associated with a number of distinctive forms
which are not known to range above the Lance. Among them are Tulitoma thompsoni
and a series of dpeculia.r Unio species, mostly short, high forms, many of which are
highly sculptured. A collection as large as the one under examination ought to con-
tain some of these distinctive Lance species if it came from the Lance. In the
absence of all such forms and in consideration of its stratigraphic position I think
that you would be justified in referring the Ravenscrag formation to the Fort Union.
It certainly is not younger than Fort Union.”

Therefore, the weight of the evidence furnished by plant and inverte-
brate fossils is in favour of a Fort Union age for the beds above the No. 1
coal seam which contains these fossils. It is desirable that determinable
and diagnostic vertebrate remains be found in this upper greater part of
the formation. It is important to know whether or not dinosaur remains
extend above No. 1 coal seam and what effect the evidence of fossil mam-
mals would have on the dating of this formation.

The basal part of the Ravenscrag, below No. 1 coal seam, is to at
least some extent non-marine, for it contains in places, numerous dinosaur
bones. There is sufficient accumulative evidence to demonstrate that the
rest of the Ravenserag is non-marine, for it contains coal beds, roots, and
non-marine fossils, including plants, freshwater pelecypods, gastropods,
and vertebrates and a terrestrial reptile.

CYPRESE HILLS

This is the Miocene of McConnell’s report. It underlies the high
upland in the northern part of the map-area from its western margin east-
ward to Anxiety butte, and also occurs on the higher part of Ravenscrag
butte and on the uppermost part of a small butte on the south side of
Frenchman valley. There is a very considerable erosional break between
the Cypress Hills and Ravenserag as McConnell observed long ago.

The Cypress Hills formation consists of thick beds of conglomerate, a
peculiar shale or elay conglomerate, grit, sandstone, and shale. The con-
glomerate in places is little consolidated and consists chiefly of boulders of
grey, purplish red, or pinkish quartzite. The boulders are well worn,
rounded or oval in shape, and vary in size from % inch to 18 inches in the
longest, diameter. A peculiar bed consists of irregularly shaped shale or



358

hardened, clay-shale fragments, fine sand, and a few quartzite pebbles;
this rock contains many of the bones collected. The sandstones are mostly
coarse, are in places little consolidated, and in places buff in colour. There
is little shale in the formation. The conglomerate occurs in a number
of thick, irregular beds.

Some fossils were collected in this formation last summer and have
been identified by C. M. Sternberg. The following were found in Calf
creek: a fish vertebra; a lower molar tooth of the forest horse Mesohippus
westoni; a nasal horn core of the titanothere Titanotherium prouti; frag-
ments of right dentary with part of last molar, of teeth and of ribs, an
upper molar, the proximal end of ulna, left radius and metacarpal bone of
the titanothere Megacerops; part of left dentary with P4 and roots of
M1 and 2 of the Rhinoceras Caenopus occidentalis; anterior end mandible
of the Rhinoceras Acceratherium; left upper molar of the deerlike ungulate
Leptomeryzx speciosus Lambe; part of left dentary with P2, 3, 4, and M1,
and part of a left dentary with P4, and M1 and 2 of the deerlike ungulate
Leptomeryxr mammifer Cope; two lower molars of a Leptomeryx; upper
premolar of a canid. On a small creek flowing into Calf creek the left
upper third molar of Megacerops was found. From Conglomerate creek
were found: part of upper premolar of the giant hog Elotherium and the
second lower premolar, dorsal vertebra, and the proximal end of the left
radius of Megacerops. At Anxiety butte were found fragments of the teeth
of Megacerops; proximal end of a titanothere radius; and fragmentary teeth
of the Rhinoceras Hydracodon. This has long been known as an Oligocene
or lower Miocene fauna, as it was called in McConnell’s time, when what
is now known as Oligocene was then included in the Miocene. The abun-
dance of these freshwater amphibious and terrestrial vertebrates points
to a non-marine origin of the Cypress Hills formation.

ORIGIN OF WXITEMUD SEDIMENTS

The origin of the Whitemud clays and clay-bearing sandstones is
an important problem. The subject has been deferred until all the sedi-
ments have been described. No claim is made that there is sufficient evi-
dence to solve the problem at present, nor is it possible in the space avail-
able to take into account all the possibilities and all phases of the prob-
lem. It is believed that important evidence is to be found in the felds-
pathic nature of the sandstones of the Ravenserag, Whitemud, and Yellow
sandstone members, the high percentage of refractory or semi-refractory
clay in the sandstones of the whitemud beds, and the comparative thinness
and irregularity of the clay beds. The evidence furnished by the heavy
mineral suites is considered, but it is not yet possible to evaluate its
importance. The greater refractory quality and purity of the clays in the
east as compared with those in the west, and the claimed increase in size
of grain of the Whitemud sandstones from west to east have already
been submitted as evidence by Davis and Dyer respectively. The problem
includes two distinet, although to some extent linked, phases which must
not be confused and which must be considered separately; first, whether
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the semirefractory and refractory Whitemud clays are the result of extra-
regional weathering of feldspathic rocks, or whether they are the result
of local weathering of feldspathic sands and of their re-sorting in the region
of deposition; second, whether the Whitemud sediments have come from
the east, from the Precambrian area of Manitoba and Ontario, ete., or
from the west or southwest, i.e. from the Cordillera region.

Extra-regional weathering of the feldspars is inferred, if not aclually
stated, in Davis’ account of the origin of the clays. Wherever the kaolini-
zation took place and produced the clay in the clay beds, extra-regional
weathering will not explain the origin of the clay which occurs in such
appreciable quantities in many of the white and light grey sandstones of
the Whitemud beds. It is unlikely that sediments of mixed, medium, and
clay grade could be laid down together. There is the possibility which
could be verified by experiment, that, if sand were deposited in very ithin
layers in times of strong current, clay depositing in time of quiet water
would settle down between the sand grains. But even if this were possible
surely some kind of banding would result. It is probable that the texture
of the clay-bearing Whitemud sandstones can only be explained by
weathering in situ of a feldspathic sand, the clay occurring in small patches
where the feldspar grains would have been.

That this weathering might have taken place in Whitemud time has
suggested a theory of local or intra-regional kaolinization or alteration in
the region of deposition. It is proposed that the typical clay and clay-
bearing Whitemud sediments might have originated in the following man-
ner: feldspathic sands were transported to this area (southern Saskatche-
wan, ete.) from some source and after deposition were partly kaolinized in
Whitemud time; some of this material, thus altered, still remains un-
disturbed as the partly kaolinized feldspathic sandstone; some of it,
however, was reworked in Whitemud time, sorted, and laid down in
shallow depressions, flood-plain shallow lakes, etc., on the old Cretaceous
surface, to form the beds of refractory or semirefractory clay that occur
intercalated with beds of partly kaolinized sandstones, silts, ete., in the
refractory clay zone. This is a theory of intra-regional kaolinization,
or alteration in the area of deposition. No uplift is inferred, only the
erosion and redeposition that takes place on any alluvial plain. No con-
siderable thickness of sediment is involved. The clay beds are not thick,
are irregular, and the entire refractory clay zone is only 10 to 30 feet
thick. Special conditions are required, of course, at least a temperate
climate, some moisture, a covering of vegetation, and a sufficient periodic
fall of the water table to promote weathering. Some of the sediments
of the basal sandstone zone may have accumulated fairly rapidly, but the
beds of the clay zone must have accumulated much more slowly to permit
scour, sorting and redeposition, and re-weathering of the residue sands.
The comparative thinness and irregularity of the clay beds and their
alteration with sandstone and silt are in keeping with this hypothesis of
intra-regional or local weathering of the feldspars. It would be more
difficult to explain thick clay beds extending over a wide area by this
hypothesis. In terms of this hypothesis the somewhat greater proportion
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of quartz grains in the washed residues of the Whitemud sands as
compared with those of other sandstones in the local section is explained
by the greater amount of kaolinization that the Whitemud sands have
undergone and the consequent reduction in proportion of feldspar grains.
The Whitemud sands before kaolinization must have been very highly
feldspathic. It might be argued in criticism of this theory that some of
the sandstone beds in the refractory clay zone should be free of clay, as
residues of kaolinized sands that had been washed free of clay, and that
none such has been found in the samples tested. But these residue sands
would again continue to be weathered on the old Whitemud surface and
would again become partly kaolinized. It is conceivable that some of the
clay beds might have originated by the kaolinization of highly feldspathic
sand, carried almost or entirely to the point of completion or nearly so;
such clays would carry a residue of quartz grains, and would be massive
and lacking in any fine bedding. It is not possible to say whether clays
of this origin are present. Many of the clays show a very fine bedding.
The sand and clay beds show the effect of leaching and the reducing action
of vegetation in the ahsence of iron oxide staining, but some iron has
been concentrated in ironstone concretions and minute spherules. Some
kaolinization of the Whitemud sands may have taken place at the end
of Whitemud time during the interval of erosion, but it was probably not
important.

The establishment of this hypothesis depends basically on whether
it can be shown that the kaolinization of the Whitemud sands took place
in Whitemud time. The greater amount of clay and its relatively greater
purity in many Whitemud sandstones compared with that in other sands,
of the Cretaceous section, suggest that specially favourable conditions may
have existed in Whitemud time. More, however, needs to be known of
the relative susceptibility to alteration of the sandstones of the local
formations.

It has long been recognized, since Tyrrell pointed out the source! of
the gold-bearing sands of the Edmonton formation, that a great part at
least of the Cretaceous sediments of the plains have their source in the
west. The increase of coarseness of the sediments westward and the
replacement of marine by delta or marginal alluvial plain conditions in this
direction all show this. However, it cannot be said to be established that
none of the Cretaceous sediments of the plainsg came from the east. Davis
has claimed that a reversal of drainage took place in Whitemud time and
that the Whitemud sediments came from the east. In favour of this he
cites the greater purity and more refractory quality of the clays in the
eastern part of their area of distribution, as compared with those in the
west, and observes that the clays should be purer and more refractory
the nearer their source. An examination of a few analyses given by
Davis? shows that the western clays, compared with the eastern, are
higher in 8104, K50, and Na,O and lower in Al;03 and H,0, i.e., they are
less altered clays. This being so, should not the argument be reversed,

1 Tyrrell, J. B.: Geol. Nat. Hist. Surv., Canada, Ann. Rept. N. 8., vol. II, pt. E, pp. 134-5 (1887).
20p. cit., pp. 15, 40, 58, 71,
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would not the clays become more altered the farther from their source,
for some weathering always accompanies transportation.

Dayvis, however, may have had in mind contamination with sediment,
from the west. Davis evidently assumes that the kaolinization took place
in the east, in the Precambrian area of the Canadian shield and his
hypothesis combines extra-regional kaclinization and an eastern source.
The first indeed, to a considerable extent presupposes the latter, for the
Precambrian area to the east is the more favourable region for a possible
source of sediment and as having topographic features more favourable
to prolonged chemical weathering. At least its possibilities as a source
of well-leached sediment are greater than those of the western Cordilleran
region. However, if the Whitemud clay-bearing sandstones are the result
of the westhering in situ of feldspathic sands, they were at the time of
transportation to the area, highly feldspathic and not predominantly well
leached sediments and the argument that they came from the east because
well-leached sediments would be more likely to have come from there is
considerably weakened. A more cenvincing argument in favour of an
eastern source is the one advanced by Dyer, that the grain of the White-
mud sandstones increases eastward. If this holds true of all the Whitemud
sediments of southern Saskatchewan, eastern Montana, ete., the evidence
is not to be ignored, but more samples taken over a wider area are necessary
before it is established; the east end of Cypress hills seems to have been
an area that received comparatively fine sediments in late Cretaceous time.
This hypothesis presupposes a reversal of drainage in Whitemud time, in
an area which before and after apparently was receiving western sediment.
It, also, if the hypothesis of extra-regional weathering be accepted, pre-
supposes that the eastern Precambrian area supplied feldspathic sediment.
Could this be possible? Perhaps more investigations to establish the
amount and nature of these eastern sediments are required before this
question can be definitely answered. But if these sediments were originally
feldspathic when delivered into the area of deposition, why could they
not have come from the west, as much of the Cretaceous sediments on
the plains evidently have. The western sediments are feldspathic, for
Stewart has demonstrated the feldspathic nature of the late Cretaceous
and early Tertiary sandstones of the disturbed belt of southwestern
Alberta, and Rutherford has noted the presence of feldspar in the Cre-
taceous sediments of western Alberta. The sandstones of the formations
underlying and overlying the Whitemud are feldspathic and they are
assumed to have had a western source. The mineral composition of
the Whitemud sandstones is much like that of the sandstones of the over-
lying and underlying beds. The bulk minerals are quartz, feldspar, argil-
lite, muscovite, mica, biotite (in the yellow sandstones and Whitemud
beds). The heavy mineral suite of the Whitemud sandstones and silts
differs chiefly from the suites of the yellow sandstones and Ravenscrag
sandstones in the presence of anatase and in the small proportion or
absence of garnet, epidote, and apatite, which are easily weathered min-
erals, and the Whitemud sandstones have evidently undergone more
alteration than the sandstones of the other formations. The absence or
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low proportion of garnet and epidote can hardly be advanced as argu-
ment for derivation from the east, as these minerals are present in the
rocks of the eastern Precambrian area of Manitoba and Ontario. The
investigations of heavy minerals in Canadian sandstones, however, have
not yet advanced far enough to warrant important interpretations. Other-
wise the problem of the source of the Whitemud sediments seems to rest
on the question whether the eastern Precambrian area would be expected
to supply feldspathic or thoroughly weathered sands and whether the
increase in grain of the Whitemud sandstones eastward is general.

The replacement laterally of the typical Whitemud sediments by dark
shale, greenish silt, fine sand, ete., as in the sections north of Southfork
and in the extreme southeastern corner of the map-area, is difficult; to
explain at present. It appears to be lateral replacement, the original mud
of the shales and the original silt and fine sand being deposited con-
temporaneously with the typical Whitemud sands or these sands as they
were before alteration. If this is so their unaltered character requires
explanation. The possibility still remains that there may have been an
interval of erosion before the deposition of the dark shale, but probably
an earlier interval of erosion than that described under “ Unconformity.”

STRUCTURE

In the working out of detailed structure in southern Saskatchewan,
considerable care must be exercised in the selection of horizon markers.
The top of the typical Whitemud sediments, the white kaolinized
sandstones and clays, cannot be used, for it is an uneven line, up and
down stratigraphically, particularly where affected by the unconformity.
The contact between the yellow sandstones and marine shales is not a
satisfactory one for refined work. The contact between the Whitemud
and yellow sandstones in this area can everywhere be located within 5 or
10 feet vertically and can be used for all but the smallest scale structure.
The coal seams are the best horizon markers, providing that their identity
is constantly checked. The base of the Whitemud carbonaceous zone is a
good horizon and can be identified by its position in the Whitemud beds.
The No. 1 coal seam is even a better marker. It extends all over Eastend
area and its identity can be established by its persistent shale parting, its
shaly upper bench, and its position near the base of the Ravenscrag for-
mation. In Eastend map-area it is almost everywhere about 55 to 60 feet
above the base of the Whitemud carbonaceous zone. The other coal
seams in the Ravenscrag are not satisfactory horizon markers. They
change in thickness from place to place and are difficult to trace.

The major structure in the northern part of the map-area is a dip to the
east. In the eastern part there is a regional dip from north to south, i.e.
from Anxiety butte to south of Whitemud. On this is superimposed a
peculiar secondary structure of small: irregular folds. Most of these are
on a small scale, as examination of the structure sections (See map) will
show. It is difficult to know just what allowance should be made for land-
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slide or settling down the valley sides; of course, any recent landslide can
be detected, but pre-Glacial slipping is very difficult to determine. It is
difficult to explain much of the secondary structure by landslide, however.
Too large masses are involved and many are so situated as to have no
relation to any topography favourable to land sliding. These secondary
folds have not the regularity that results from orogenic causes. If the
secondary folds are due to irregularity in settling of the sediments they
will not persist to very great depths.

Little can be determined of the structure on Conglomerate creek and
its tributaries; the structure of this part is mostly inferred from the struc-
ture on Frenchman river.

ECONOMIC GEOLOGY

OIL AND GAS

Until more work is done it is not advisable to make any inferences
regarding oil and gas possibilities. There do not appear to be any large
favourable structures in Kastend area. The secondary structures are
small. The problem is, are any of these structures large enough for oil
and gas production, have they sufficient closure, and do they persist in
depth?

COAL

The coal and coaly beds in the Whitemud are too small to be of
economic importance. The No. 1 coal seam in the Ravenscrag formation
has greater poseibilities and has been mined northwest and southwest
of the town of Eastend. It has been followed from the western border
of the map-area almost to Anxiety butte. It consists of a lower bench
of coal of fair quality, a parting of shale, and an upper bench of shaly
coal. The thickness of the lower bench is 1 foot 4 inches to 3 feet 5 inches,
the parting varies from 3 inches to 9 inches, and the upper bench from
1 foot 1 inch to 2 feet 7 inches, including coaly shale. A sample taken
from both benches at a locality southwest of Knollys, where the total
seam is 4 feet 7 inches and includes a 5-inch and an 8-inch shale parting,
gives the following analysis:

— Dry
received | basis
B 0T 36-0
L5 17-7 27
Volatile IBtter. .o cvviieretereeirerecenecenneranrrraerenseconsennaranes 25-6 40-0
Fixed CBIDON. . c.tvttreneretieetiieereereeeernnerunecansernnasesnsesaeesnans 20-7 32-4
LY o3 o 0-4 0-7
T S 4570 7130
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The coal is non-coking. In a small gully just west of the clay
quarry northwest of the town of Eastend, the No. 1 seam was also sampled.
There the lower bench is 3 feet 5 inches, the parting 8 inches, and the
upper bench 1 foot 2 inches. A sample from the lower bench gives the
following results:

—_— As Dry
received | basis

0

7-5

9-3 14-8
27-0 43-2
26-2 42-0

0-4 0-6
5790 9260

0-95

The coal is non-coking, A sample from the upper bench gave the
following results:

_ As Dry
received | basis
311 32-8
) PN 21-7 32:3
Volatile Matter. . ... ..iuiiiiiieiirieiiiirenreecncararenssssiorrasaeanns 234 34-8
Fixed CAIDOM. . iiettitiiaitiitieeeriaeineotnrnoceeearsoatonsnosasssanaonnes 22-1 32:9
1) N O S N 0-2 0-4
2201 0 4740 7060
R T=Y 8 (o 0-95

The sample is non-coking. The lower bench is evidently of much
better quality than the upper, being much lower in ash and higher in
B.T.U. The somewhat high ash of the first sample given above is due
to inclusion of coal from the upper bench in the sample. The coal of all
these samples is lignitic, with a fuel ratio of less than 1. What appears
to be the No. 1 seam was also found in the southeastern corner of the
map-area, near Whitemud. It is quite thin there, but still has its charac-
teristic parting. Other seams are present in the Ravenscrag above the
No. 1 seam, but are very irregular in thickness and difficult to trace.
They were not all examined. In a section measured in debail on the north
side of Frenchman valley northwest of Knollys, the only important seam
observed above the No. 1 was a 4-foot seam consisting of lignite and lig-
nitic shale. Between Anxiety butte and Chimney coulée only two of the
upper seams have a fair thickness. The upper varies from about 5 to 73
feet, the measurements including some coaly shale. The lower varies
from 1 foot 8 inches to 4 feet 3 inches. The seam mined at Anxiety butte
is probably the upper of these two seams.
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CIAYS

Much work has been done on the sampling and testing of the White-
mud clays of this area by Keele, Davis, Worcester, and Hutt. The main
object of last summer’s work, however, was to study the geological rela-
tions of the Whitemud clays. Particular attention was devoted to those
factors that control the continuity of the clay beds.

Actual clay layers are very rare in the basal massive sandstone zone
of the Whitemud beds, but the sandstone itself on account of the partial
or almost complete kaolinization that its feldspar grains have undergone,
contains, in some places, considerable clay. One sample tested gave 46
per cent. At Claybank, in the east, this kaolinized or partly kaolinized
feldspathic sandstone is used as part of the mixture in the manufacture
of firebrick. It has also been propased to separate the clay in sandstone
by washing,

Most of the actual clay beds are in the clay zone, which as noted
under stratigraphy consists of beds of clay, partly or completely kaolin-
ized feldspathic silt, or superfine sandstone, and partly kaolinized fine
feldspathic sandstone. Both the fine sandstone and the silt of this
zone contain considerable eclay. In some places kaolinized silt is
quarried with the clay and used with it in the manufacture of clay pro-
ducts. Six samples of white or pale green silt from this zone have from
29-6 to 45-5 per cent clay. In one silt sample the kaolinization appears
to be nearly complete, the plus 270 meshheads containing 92 per cent of
silica by analysis.

A few observations on the exploration of the clay deposits may be
worth noting. Where the green sandstone of the basal Ravenscrag is very
thick, and it can then be readily recognized by its large concretions, some
part of the Whitemud beds is likely to be absent, and particularly the clay
zone on account of its position in the upper part of the Whitemud. How-
ever, if the bottom of the green sandstone does not penetrate too deeply
into the Whitemud basal sandstone, enough of the kaolinized sandstone
may be left to be of some economic value. The unconformity between the
Ravenscrag and Whitemud beds thus has an important influence on the
continuity of the Whitemud clay-bearing zones. The contact, however,
rises and falls rather abruptly in places, so that productive localities may
be in close proximity to those that are unproductive. If the sections on
the map be examined it will be seen that in places the contact between the
Ravenscrag and the Whitemud is high enough to leave undisturbed all of
the Whitemud section, the dark shale above the refractory clay zone, the
carbonaceous zone, and the zone of massive kaolinized sandstone. In other
places it descends and follows about the carbonaceous zone and the
refractory clay zone is absent, but much of the basal sandstone zone
remains. In other places it descends so far that much of the basal sand-
stone is gone. It will be noted that in places, according to the sections on
the map, the refractory clay zone is much thicker than in other places.
Another factor in the continuity of the Whitemud productive zones is the
apparent replacement laterally by shale, ie. the productive zones are
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absent because apparently they were never deposited (but See under origin
of sediments). The refractory clay zone will be found to vary very much;
the thickness of individual beds varies from place to place and there is
considerable variation laterally in kind of sediment, some sections having
more sandstone or more clay. The carbonaceous or coaly zone, where
present, can be used as a guide in the search for clay in Eastend area. If
clay beds are sought for, the section above the coaly horizon should be
uncovered and examined. Only very rarely is clay or even silty clay
present in the lower zone of massive kaolinized sandstone. Below the
carbonaceous zone the kaolinized sandstone for the most part will be
found, but in places the clay content is low and in some places this zone
is partly occupied by dark shale, etc., particularly the upper part.



APPENDIX I

PETROGRAPHY OF THE SEDIMENTS: MECHANICAL ANALYSIS
By F. J. Fraser

Procedure

Fifty grams of each sample, with the exception of one or two of
coarser sediments, were sieved wet. Material passing through the 270
mesh (0-05 mm.) sieve was elutriated.! Results are shown in accom-
panying table. Boswell’s? classification of sand, silt, and clay is used to
indicate size limits or grades:

Greater than 0-5 mm. and less than 1-0 mm., coarse sand.

Greater than 0-25 mm. and less than 0-5 mm., medium sand.

Greater than 0-1 mm. and less than 0-25 mm., fine sand.

Greater than 005 mm. and less than 0-1 mm., superfine sand or coarse slit. (Silt grade)
Greater than 0-01 mm. and less than 0-05 mm., silt.

Less than 0-01, clay.

Mechanical Analysis of Ravenscrag Samples

Sand, grade 8ilt, grade Clay,
grade
Sample No. Range of size, in mm. Remarks
0-2 0-1 0-05 0-02
to to to to 0-01

0-1 0-05 0-02 0-01

22-0 52-0 14-0 Calcareous

....... | 67-0 |........ Calcareous
35-0 270 |........ Calcareous
230 |........ 10-5

........ 21-0 38-6

iieneee.]| 3444 32

........ 33-2 41-0 Calcareous

Nore, Nos. 11 and 12 after treatment with hot acid; Nos, 10 and 30, analysis on originai
sample; 20 per cent of the insoluble residue of No. 80 is coarser than 0-0

The Ravenscrag samples are, as indicated above, mainly silts.

i Boswell, P. G. H.: 'British Resources of Refractory S&nds" t. I p. 20, London (1918).
k, T Appendix to Hotch and Rastall. “Sedxmen 349. don, 1813,
1000). Fraser. F.J.: “An Improved Form of Crooks’ Eluh'xator”. Trans. lg day Soc. 59, vol. XX, pt. 2 (Nov.
2 Boswell, P. G. H.: Op. cit., p. 13.
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Mechanical Analysis of Basal Ravenserag Green Sandstone Samples

Sand, grade Silt, grade Clay,
. grade
Sample No. Range of size, in mm. Remarks
0-25 0-2 0-1 0-05 0-02
0-25 to to to to to 0-01
0-2 0-1 0-05 0-02 0-01
Calcareous

Nore. No. 45 after treatment with hot acid.

The Ravenscrag green sandstone samples are, as indicated above,
mainly sands.

Mechanical Analysis of Whitemud Samples

Sand, grade 8ilt, grade Clay,
o
Sample No. Range of size, in mm.,
0-25 0-2 0-1 0-05 0-02
0-25 to to to to to 0-01
0-2 0-1 0-05 0-02 0-01
% % % % % % %o
3 R RPURTE 4.2 28:6 12.8 9-2 45-2
47 ciiiiieninnnn S U 16-0 54-4 29-6
48...0000nen e ereeeeieneasans P R Y P 10-0 44-8 45-2
(TS P P PN 5.2 22-4 10-0 62-8
(T 13-0 280 16:0 4:0 39-0
L4 P Y PO 32:0 15-0 7-4 4-0 41-6
9 PSS PR 17.8 16-8 8-2 5-4 19:8 | 32-0
-5 A P P 59-8 [ 34.2
3 P PN 3-0 18-4 26-6 3:0 3-0 46-0
S PN O I 46.0 18-5 35:5
407 . iiieinneninnnns P P 17-5 49-0 |........ 21-0 I 12-5
500....... e Ceeiieeaiiieaea S PPN P P 33-2 19-0 8-8 39-0
50L.. . i, . P Y PP SN 42-2 30-2 27-6
509..... A [ Y N P 10-5 27.5 | 16-5 45.5
B R P [P N 5:0 52-0 15 28
A 155 250 |........ 19-5 |...... .. 40
Bt e trereeeaaae 55-5 16-0 240 |...... . 165 |........ 37:5
Claybank................. T I X 9 4-0 44 13 34:0
Grey sandstone.........co.ovvunen. R PR P 32-0 41.5 | 1’\-5

The samples fall into two classes: those that may be called sands,
and those that may be called silts; both types contain considerable clay.
Sample 407 has the lowest clay content, and the Claybank sample has the
lowest gilt content.
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Mechanical Analysis of “ Yellow Sandstone ”” Samples

Sand, grade Silt, grade Cls;
' ’ grade
Sample No. Range of size, in mm. Remarks
0-25 0-2 0-1 0-05 0-02
0-25 to to to to to 0-01
0-2 0-1 0-05 0-02 0-01
% %o Yo % % % %
5 [P 83 10 7 |Dolomitic
L Y 90 5 5 |Dolomitic
L2 S Y 1) S P [N 9 |Calcareous
2 1 I TN 96 |........ 4 |Dolomitic

The yellow sandstone samples are, as indicated above, silts.

Notes on Minerul Constituents

Quartz. Quartz is low in most samples and occurs as irregular, angular
grains, but samples Nos. 7, 83 (Ravenscrag green sandstone), and the Clay-
bank sample (Whitemud) contain occasional, rounded grains. These three
samples also contain the largest quartz (and feldspar) grains; the largest,
up to 1 mm. in diameter, are in the Claybank sample, in samples Nos.
7 and 83, the largest measure 0:5 mm. Strings of inclusions are common
in the quartz grains, otherwise no outstanding features were noted.

A series of the washed and graded samples, which under the binocular
had an appearance that suggested a comparatively high quartz content,
were mounted in Canada balsam, and the number of quartz grains esti-
mated. The results obtained are expressed in the following tables and con-
firm the general appearance of a low quartz content.

Ravenscrag Samples

B Estimated
Sample No. quertz Remarks
| content

% .
..................................................... 20 ]Original sample
e e e e 18 {0-1 mm. grade
L eeeeereseeiieenieceritetiee  aaieaaetaneeiaa e 11 |Original samnle
....................................................... 10 [0-1 to 0-05 mm. grade

......................................................... 21 [0-1 grade
........................................................ 5 10-1 to 0-02 grade
...................................................... very low {0-1 to 0-02 grade
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W hitemud Samples

Estimated
Sample No. quartz Remarks
content
%
2 7 31 [0-05 grade
- 7S 70 [0-2to0 0-1 grade
7 35 [0-1 grade; good
plagioclase

5 05 grade
5 0-5 to 0-02 grade
311 P 0-05 grade
1 P 0-2 to 0-01 grade
L 0-2 to 0-1 grade
1 0-1 to 0-05 grade
“3” 0-1 grade
Grey sandstone. .........cvuvieeneeitennieeirareeiraraeeaas very low |0-02 grade

“ Yellow Sandstone” Samples

very low |0:25 to 0-2 grade
20 [0-05 grade; good
plagioclase

Feldspar. Feldspars make up the bulk of the sand and silt grades.
The feldspars include orthoclase, microcline, and plagioclases of low ex-
tinction angle. Some of the grains have a higher refractive index than
Canada balsam, others a lower index. Under the binocular the feldspars
exhibit good cleavage and cream-white colour. If a sample contains much
decomposing biotite, the feldspars have acquired a slight rusty stain.

Clay. The clay obtained in the process of elutriation calls for no
special mention. In the case of the Whitemud beds, 30 grams of grade less
than 0-02 mm., from sample No. 70, in 5 gallons of water, gave a suspen-
sion that showed no clear zone at the end of 30 days. Black grains of two
types are abundant in ‘“sand” grade. One type is very black with a
splintering fracture, a tendency to flaking, and a dull lustre by reflected
light. Crushed grains examined with high power show as aggregates of
particles and have an appearance that suggests they are a hard shale or
argillite. The other type is more brownish and usually slightly worn.
Under reflected light these grains show minute, irregular, white and brown
bands or veins. High power examination shows a fine-grained structure
giving an aggregate polarization. These grains are, therefore, probably
argillites more siliceous than the black grains.

Muscovite. Muscovite flakes are present in most of the samples. The
relative abundance of muscovite in the samples examined is shown in the
tables at the conclusion of this article. In those samples where none is
recorded, a few flakes may be found if searched for. The largest flakes
occur in the coarser samples, i.e, those of the Ravenserag and Green Sand-

67538—4
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stones, and measure up to 05 mm. across, posesss very frayed edges, and
are in every case thin, flat flakes. No flakes with crystal edges were noted;
the optical character is bi-axial. The smaller mica flakes in the Whitemud
sediments suggest sericite. All the silt grades of the Whitemud samples
contain much white mica.

Biotite. Biotite when present occurs in all stages of decomposition and
is probably responsible for the small but appreciable content of rusty
aggregates up to 0-1 mm. with which the biotite is invariably associated.
Most of the biotite is fairly fresh and occurs in curved laminated flakes.
Longest flakes are in the coarser samples. Biotite is commonest in the
darker-coloured sediments, and although persistent, is never abundant.

Siderite. The Whitemud samples contain small amounts (up to 2 per
cent in sample No. “1”) of brown spherical aggregates, up to 0-1 mm.
diameter of siderite, which after digestion in hot acid leave a white, very
thin, siliceous shell. These aggregates are not visible in & hand specimen,
but are strikingly persistent when the finer material is washed away.

Calcite and Dolomite. Calcite occurs as granular aggregates or rhombs
in the calcareous samples. Dolomite occurs as pink rhombe, the intensity
of the tint varying with the rotation of the stage in plane polarized light.
The calcite and dolomite rhombs measure up to 0-5 mm. across. One or
two fairly coherent samples were picked out of samples Nos. 7, 38, and 45,
but the carbonates do not exist as a cement or detrital grains.

Chert. Chert with mosiac polarization was noted while estimating the
quartz content in Whitemud samples Nos. “2” (grade 0-2 to 0-1), “3”
(grade 0-1), and grey sandstone (grade 0-1).

Selenite. Secondary selenite crystals and aggregates up to 0-2 mm.
diameter were noted (less than 0-5 per cent) in samples Nos. 75 and 27.

Tale ((?). Occasional soft green grains were noted in the coarser
grades; these are soft, look like tale under the binocular, but their identity
has not been established; they do not occur in sufficient quantity to influ-
ence the colour of the sample.

Coloration of Samples. After washing in water many of the coarser
grains are still badly stained with brown iron oxide mainly resulting from
the decomposition of biotite. The brown staining combined with the effect
produced by the black grains (shale and argillite?) would account for the
grey-green colour of the “green sandstones”. How far biotite, hornblende,
and epidote contribute to the “green” colour of sands is a doubtful point.

Minerals Occurring in the Bromoform Separates

Procedure. Twenty to thirty grams of the sample were taken, and after
being disintegrated by immersion in water, the lighter particles washed off,
and the residual “sand” panned—both operations being conducted in a
7-inch aluminium pie-dish. The final concentrate, weighing about a gram,
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was dried on a hot plate, and the grains of gravity exceeding 2:85 separ-
ated in a bromoform tubel. For rapid checking of additional samples, con-
centrates were reduced as far as possible by panning, mounted, and exam-
ined without further treatment. Only a part of the final concentrate
obtained by use of the bromoform tube was mounted on one slide, the
remainder being preserved for future reference, refractive index determin-
ation, and micro-chemical tests. Examinations of the concentrate in bulk
reveal the presence of outstanding individual graing which might other-
wise be missed when only part of a cencentrate is mounted on a slide. As
the suite of heavy minerals is fairly constant, and the samples are pre-
sumed not to differ widely in age, one description of the heavy mineral has
been deemed sufficient. Heavy minerals noted in the bromoform separate
were zircon, tourmaline, apatite, rutile, anatase, garnet, epidote, andalusite,
hornblende, ilmenite, and magnetite,

Zircon. 'The zircon grains may be conveniently divided into four types:

(1) Prisms capped with pyramids; all varieties occur from the spindle-
shaped, many faceted forms similar to Figures 874, 875, page 520 in Dana’s
Text Book, 3rd edition, to long, needle-like prisms. All euhedral forms are
capped with pyramids. Inclusions are frequent, and are generally elongate
or globular. Clear crystals abundantly crowded with large inclusions are
fairly frequent.

(2) Worn and ovoid grains. On the whole, these are not common. The
“gneissic” type of Kruschov, i.e., ovoid and zoned crystals, are persistent
but not common.

(3) Coloured zircons. These were frequently noted. Purple, euhedral-
capped prisms are the commonest. Such zircons frequently may possess
slightly etched faces, so faint as to be noted only on the clear grains. The
gize of the clear purple zircons seems to be very uniform 0-08 to 0-12 mm.
in length. The purple is more of a tint, i.e., a rose purple, than a deep
colour. Brown and smoky yellow zircons were noted. In view of Mackie’s
recent paper on Purple Zircons (Trans. Edin, Geol. Soc., vol. XI, part 11,
Edinburgh, 1923) these purple zircons are of great interest.

(4) Cloudy grains. These form a heterogeneous collection. The
cloudy and “dusky” zircon graing are nearly always slightly worn; some
of these grains may be cassiterite, but no definite confirmation of this has
yet been effected.

Tourmaline. This is undoubtedly a characteristic mineral of this suite
of samples, although not abundant in all residues. Relatively large, up to
0-16 mm. in length, pink, slightly worn prisms, with rounded inclusions,
are a distinct type. In the position of minimum absorption, they are
colourless to a faint rose pink, and nearly always possess a faint shagreened
appearance, presumably due to scaliness of the surface. In the position of
maximum absorption, the large “pink” grains invariably appear opaque,
but the smaller grains in this position are blue green or dark leek green.
Green tourmaline grains are invariably long prisms, narrower than the
“pink” tourmalines. On all grains pyramid capping is rare; when present

1928; Fraser, F. J.: A simple apparatus for heavy mineral separation. Econ. Geol., vol. XXIII, No. 1 (Janvary
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it is mainly confined to the green needle forms (0-08 mm. in length), but the
majority show basal planes or partings with worn edges. The remaining
tourmaline types that justify mention are: a dark green to dirty green,
prismatic variety in stumpy grains containing patches of dense black
Inclusions; occasional dark honey-brown, rounded, and well-worn grains.
Both types have been noted in the Benton formation from the Turner
Valley o1l field.

Apatite. This mineral occurs mainly in pellucid worn prisms; other-
wise the grains are irregular and somewhat platy in appearance. Good
euhedral forms are scarce. Smoky apatite is rare and good cored apatite
very rare.! Reddish brown pleochroic apatites with longitudinal inclusions
giving a “schiller ” effect are persistent in some of the samples. The in-
clusions are very small and their nature up to the present, even with an
oil immersion lens, remains undetermined. These brown apatites are soluble
in hot hydrochloric acid, show straight extinction—R.I. near 1-63, and
have negative elongation. They show maximum absorption in a direction
opposite to that of tourmaline, and are strongly pleochroic. Incident light
shows the characteristic sheen of apatite.

Rutile. This mineral occurs as dark red, rounded grains with charac-
teristic lustre in incident light, and as yellow grains that usually show good
crystal form. Elongated prisms are more common than flat, platy forms.
The yellow colour varies from a light golden bronzy yellow to a deep
amber. The lighter the colour, the sharper the crystal faces, and the
greater the tendency to show good twinning planes at 65 degrees to the
prism face. Knee twins are scarce but persistent; some are very perfect.
Occasionally very small sagenitic aggregates occur. A notable form oc-
cagionally seen is a compound red brown prism, exhibiting numerous
striations parallel to the elongation.

Anatase. This mineral is persistent in the Whitemud samples, but
in no one sample is it abundant. The most common occurrence is that of
tabular aggregates showing very sharp edges. Occasional dark brown,
good prismatic grains occur, such grains always showing well-marked
striations parallel to the basal plane; the colour of the tabular anatase
is invariably light yellow, in some cases with a tinge of green. Only
one patchy square grain was noted. Anatase in these samples may
occasionally be suspected, but rarely confirmed under the low power; for
this, a good strong field with a high power objective and low ocular gives
best results. Examination of the residues with high powers frequently
shows small yellowish grains of high refractive index and double refrac-
tion; which may be individual crystals or aggregates; the roughened sur-
face suggests aggregates. Such grains may be referred to titaniferous com-
pounds. Some of them may be sphene, but only one grain in the whole
of the samples was noted that really suggesbed sphene.

@ 1 igoezcs g’leet. W. F., and Smithson, F.: “Dark Apatite in Some British Rocks''; Geol. Mag., London, vol. LXV
an,
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Garnet. The garnet grains are invariably irregular, splintery frag-
ments. Structure corresponding to the dodecahedral cleavage occurs too
frequently to be a coincidence. Such structure is confined to the large
fragments. The larger fragments are frequently decomposed; the pitted
and worn surfaces impart a cloudy appearance to the grain, and the
decomposition products transmit a certain amount of light under crossed
nicols. Very few grains are zoned or exhibit anomalous double refrac-
tion apart from the cases cited above. Good salmon-pink grains are
scarce; usually when the grains are pink the tint is faint with transmitted
light, but they may be readily picked out by their colour under incident
light, with a magnification of 16 times. One water-clear, faceted, isotropic
grain with inclusions was referred to garnet. Brown garnets occur rarely
as relatively large, irregular fragments.

Epidote. The mineral occurs as irregular grains, aggregates being
rare. When fresh, the grains may be lemon-yellow, grass green, or colour-
less. Pleochroism is appreciable in the coloured grains, especially under
high power. Colourless, platy grains with low birefringence giving good
“ compass needle” interference figures are helpful in residue containing
much decomposed epidote with few green grains. It rarely happens that
in these residues when the epidote is badly decomposed that a typical
green epidote cannot be found. Further, a heavy residue containing any
appreciable amount of epidote possesses a peculiar dirty yellow colour
as seen with the naked eye, so that epidote may usually be suspected
before the residue is optically examined. In the present suite of heavy
minerals, the constant association of garnet with epidote is also helpful;
decomposed epidote is difficult to identify in individual grains.

Andalusite. 'This mineral occurs sparingly in the coarser samples as
irregular, colourless grains; very rarely do they possess a good rose pink
to colourless pleochroism. In many grains, this tint is extremely faint or
doubtful. During the initial stages of examination of the residues, anda-
lusite or topaz was suspected, and it was not until a pleochroic grain was
found that andalusite was, as such, recorded with certainty.

Hornblende. The hornblende calls for no special description or com-
ment. In sample 83, brown hornblende is subordinate to the common
green variety. In samples where the hornblende is rare, some of the
smaller grains are bleached.

Other Minerals. One grain of kyanite was noted. Some small,
irregular, light golden yellow grains having a low double refraction were
noted; these may be staurolite, but their amount and the uncertainty as
to identification does not justify inclusion in the accompanying table.
Occasional, small, irregular, brown, isotropic grains of high refractive
index were noted, these may be garnet splinters or picotite.
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In these tables dolomite is included with calcite: A
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Whitemud Samples
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1 The writer is indebted to Mr. John B, Webb of the Hudson’s Bay-Marland Oil Company for

drawing attention to the occurrence of sphene, in a “yellow sandstone’ sample, since when this mineral

has been confirmed in others.
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ISLAND LAKE AREA, MANITOBA

By J. F. Wright

CONTENTS
Pace
IntrOQUETION. . v vttt e e e e 54
History and resources of thearea............................. e 56
General character of the area. ... it iiiienenen 57
L i o Y ) o 4 U 62
EConomic geo oy ..o vttt e e e 80

Illustrations
Map 2160. 211A. Island lake, northeagt Manitoba........c.ccvveeenneern.n In pocket.
Figure 4. Red Sucker lake and route from Island lake, northwest Manitoba...... 54

INTRODUCTION

Island lake was geologically explored fifty years ago by A. 8.
Cochrane, and a sketch map of the shore of the lake and a brief report
on the general geology and resources of the area were published.l Since
then, however, no geological work has been undertaken in this area, and
it has been visited by few prospectors, due in large part to the hard and
long canoe frip to this lake from the main transportation routes of the
district. During the last three years, however, travel to and from the
remote prospecting areas in northern Manitoba and western Ontario has
been facilitated somewhat by the successful operation of hydroplanes in
transporting prospectors and their light equipment to and from the field.
Thus, areas remote and hitherto difficult of access by canoe are at present
much more attractive prospecting fields than they were formerly, and,
foreseeing that Island Liake area would soon be visited by prospectors, the
work described in this report was projected with a view to obtaining
information as to the regional geology and mineral possibilities of the
area.

The west end of Island lake is approximately 115 miles east of
Norway House. The present route to the lake is from Winnipeg to Selkirk
by electric train or motor car; from Selkirk to Norway House by steamer,
which makes weekly trips up and down lake Winnipeg from the first of
June to the middle of October. From Norway House the canoe route
usually followed is south to the mouth of Gunisao river (locally called
Jack); up this river to the junction of McLaughlin river; up the Me-
Laughlin to Little Goose lake; and up Ponask creek from the east end
of this lake to Ponask lake. Ponask creek is very crooked and narrow,
and if the water be low is unnavigable with large and heavily loaded.
canoes. '

1 Geol. Surv., Canada, Rept. of Prog. 1878-79, pt. C, pp. 20-41.



7

<ififo, Gods and Hayes rivers

[N Z
)
<ta yo7 / \Z
SR T A VRPN S 0
EARVIENA I Y 7 ) 49
< N 2L / 7 i
v 1 < 7 J—\\\lf\s— (\h\,l ’//\// Heavy drift
d r ozt N o, {Clay banks
) '\l:,\?/ 1{&4& 1 \)
7 A 3 <o
V3 "f) ?7) @’
<
4o A -
/;
) J ) [;
vy /

. LR
\ a&”F ’j—i53.
SN ® Mostly open water, R E D S U C K E R . ,’\./Lé)KA_._—-\::)V SA v &
-

R,
F—
L

] N p V NI o .
7 v 9 o y
L > 3 { NS e A
L A,< :/7\‘{2 : Tt St o) % Boulder
AT - AN a "
A E & P "4 h ; &
l)\fa ‘ ¢ j & /
-~ E’.v _/t/‘ /j‘iéiﬁnd Sachigo lakes

L > <,\ L ™~ « Bay extends very few islands Very many islands ‘-‘?t‘,’/ Ty oA L AV< > 4>
5 A _\Sa several miles oy s v*‘_A// voS L7 J S
L Iy N </
S 7 A <\'t L A V. ¢ E o ,.//7‘7 A< ‘\><Sngall
river
<75 g S S & et 30 T iRl
N > Y . lA 5. o ~ a——y N ° ‘i 4 I Ve o
v 7 A(’ NS S Ty o~ A JPARA (< > 2 = s-i;":p o N0 - EN
ol
N4 LR I 31&7\(32/4\/ S A e, sﬁ‘{j/F_\/‘T/\ <A~|'\4}/-3 A Sl WTHE o d /L<V“ A
< 57 (N v v \o PG SZ . > o o LN
\ 2 R [\ L 0 < Tel A v 1 LN I _ AN S 7 A A
7 ALY 2N A w7 ~ v N A &, K- 0s L 7N e Ny < L~ >
S 0o A ©~ L < 7 > . < v -y ~ 3 .
ARES ‘/',, e \J<7)V>7r<\’< ’\4"v<'\"VLA7’\4\71 = <$:”|'\“\\4_\ R B AN 744 2 A,(J/ll\"< v
AL . v x
c AT ub //‘ y}547>4l\ 5 \.4‘~\, TATNT AT TR °\;”Q:ﬂJ§)7AL>7v74'\L" L < a5 Ny LA e VALY T <
I\" 7\/ /" , PR A ™ < V‘LA S < Vo< < r\"“; f {:Q‘aw \_,;1\ J'7 TI/ v LV v < Jd > V ¢ V7 Vs - ~ t . nl\:lndinncamps
Ge  dy o S4én bl Qv e ATNT V> 4 V Pl TN Ty VY ANSa oMYA AR 4 T en > 0 <G T Route to Sachigo L.
LD AN u - 7 L v < }\er\\ LN a N A & A< b T2 v N Y =7 ey
J el R L LTITTN A T v > g NS T ~ T N\e v77v LN >0, 7 Vet Ve Re v v, <o (Ja a9 vag?
R VLAV'\<L>4\/ <7V4V>V'\\?’<’VI’VC\;“\;&’YN—J:\7\;V<V<Av<>v‘\’\7 '\V\)>t\>4v4‘/‘/'iu7<7/\
7 < < x4 7 = 7 > A ™ L N
</—’\A7/\"r<74;"\'/ 7TAv/\7’/L}{VA7V>4I\ 1—4,\41/ ">l\"\/47,\ <A7\14V<7AVT[/<
<ty e, A NPT v NV favcaA ey TS A2 N A
PN N M7 <, WY 7] e vie v
AT cNPINEI RN Lev’s
34 r// v »N ,,,\J
VAL7’{ - \14“:> \
eI AT 1
A TeA ey
N A
v, L >
4 < V°f VA< <
s ;SS < A ﬁ
N A< 5
A < FPRS N 2
/A LEGEND
7.3 e~ v 0
A > > q 4 3
v f__\/ St -7 ]
- e P>r.\, v - 0
NG54 < A M < Oy
1 M /\:/7; U,jL/ > ‘\/\ A v > 3 7| Granite, granite-gneiss § '
SRR E NEIVASNN
[
o ]
E{ Andesite, tuff g
L ]
o >
o Greywacke, quartzite, = Scale of Miles
mica schist, Q -3 ’ © P-4 <
z L ! ] i . S |
x

Figure 4—Red Sucker lake and route from Island lake, northwest Manitoba.
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The first of the height of land, or the Ponask, portages leaves the
south shore of Ponask lake about 5 miles east of its outlet. These
portages are four in number and are 1,400, 1,600, 6,200, and 6,500 feet
long, respectively. They are connected by three shallow lakes; the two
longer portages cross rocky, hilly country with wet swamps in the depres-
sions, and, on the last small lake going east, the landings are very wet and
soft.

The canoe route from the last Ponask portage to Fairy rock is down-
stream along a small river with several portages past rapids and falls;
Pelican and Stevenson lakes are the two large lakes crossed, the route fol-
lowing the long, narrow, east arm of the latter lake for over 30 miles.
At Fairy rock this river flows northeast, and the route turns southeast
up a small tributary stream connecting a series of small lakes. Before
Island lake is reached a second height of land is crossed by two portages,
1,650 and 4,300 feet long, respectively. The last portage is to a small bay
on the north shore of Collins bay, and 8 miles west of the Hudson’s Bay
Company post.

The distance by canoe from Norway House is estimated at 160 miles,
with thirty-four portages. The. trip has been made in four days by
Indians travelling almost continuously and without load. The usual
time en route, however, is from seven to ten days and from ten to sixteen
days from Winnipeg, depending upon weather conditions. The present
freight rate on supplies from Norway House to Island lake is $15 per
hundred pounds.

The canoe route formerly used from Norway House to Island lake
was by Oxford, Knee, and Gods lakes, and the distance was much greater
than the more direct route described in the preceding paragraphs. With-
in the last few years this route has been shortened considerably by leav-
ing the Oxford Lake route near the east end of the first lake east of
Robinson portage, and going directly east to Little Gods lake; south
across this lake; across the northeast end of Beaverhill lake; and up
Island Lake river. This new route was mapped topographically by R. C.
McDonald in 1925, and, although the portages are not so numerous, they
are of longer average length. This route is not recommended, however,
unless the services of expert canoemen, familiar with Island Lake river,
are available. ’

The east end of Island lake can be reached by canoe from Red lake
by following the rivers connecting Red, Favourable, Deer, and Big Sandy
lakes; and from Big Sandy lake on Severn river, by crossing northward
a height of land to Sagawitchewan river, which flows into the long east
bay of Island lake. This route, from Red lake, was mapped topographic-
ally in 1925 by J. W. Pierce, D.L.S.

The northwest corner of Island lake is approximately 145 miles
southeast of mileage 219 on the Hudson Bay railway and some point on
the railway, near the first Nelson River crossing, is the logical base for
hydroplane and winter transportation to the area. The relief of the
intervening country is at no place over 150 feet, and a winter road with
low grades could easily be located by following the depressions and lakes.
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The present winter route from the Hudson Bay railway to Island lake is
via Norway House and is much longer than the more direct route sug-
gested above.

The geographical base of the map accompanying this report was fur-
nished to the Topographical Surveys Branch, Department of the Interior.
During the summer of 1925 Mr. R. C. McDonald made a geographic
control traverse of the main shore of Island lake, and established forty-
two permanent reference mounds at intervals of from 2 to 5 miles along
the traverse. The same summer the Topographical Surveys Branch, in
conjunction with the Royal Canadian Air Force, took a series of oblique
aeroplane photographs over Island lake.

In the spring of 1927 the Topographical Surveys Branch kindly sup-
plied the writer with a preliminary map of Island Lake area, compiled
from the oblique aeroplane photographs. This map greatly facilitated
the geological mapping, in which work the writer was assisted by Messrs.
L. H. Powell and A. W. Derby. Thanks are due the residents of the dis-
trict, and especially to Mr. Geo. C. Collins of the Hudson’s Bay Com-
pany, Rev. R. Chapin of the United Church Mission, and Father Du-
Beau of the Roman Catholic Mission, for many courtesies extended the
party during the summer.

HISTORY AND RESOURCES OF THE AREA

Up to the present the fur-bearing animals are the only resource of
Island Lake area that has been exploited, and the known history of the
area dates from the commencement of trading by the Hudson’s Bay
Company. The first trading post! was at the east end of the lake, and
the clearing about, and the foundation on, the site of this post may be
seen on the north shore, at the east end of Sagawitchewan bay, about
1,000 feet east of the first small rapid on Sagawitchewan river. This post
was outfitted from Severn and was in operation in 1824, but a few years
lIater was abandoned on account of the scarcity of fur-bearing animals,
fish, and game. The Indians were forced to leave the lake and migrated
to Oxford House, Trout Lake, and Little Grand rapids.

About 1840 another fur-trading post was established by the Hudson’s
Bay Company, this time on the north end of Linklater island, at a point
about one-half mile south of the present site. This post was soon aband-
oned, however, on account of the general scarcity of fur-bearing animals
and food. No further attempt was made to trade in this area until the
late autumn of 1864, when Mr. Cuthbert Sinclair went from Oxford
House to Island lake with one York boat of provisions, and built a small
post on the site of the present location. It is interesting to note that at
this time beaver were exceptionally plentiful, as two hunters sent out
by Mr. Sinclair were able in two days to kill fifty beaver on Linklater
island. In 1927 no fresh signs of beaver were noted, although old beaver
houses and dams are fairly numerous in certain parts of the area.

1 Historical data kindly supplied by Mr. 8. J. C. Cumming, District Manager, Keewatin District, Hudson’s

Bay Company, Winnipeg.
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The Hudson’s Bay Company has been trading at their present site
continuously since 1864, and this has been one of the best fur posts within
Keewatin district. Fisher, lynx, martin, otter, red fox, and muskrat are
the important fur-bearing animals sought. In recent years this area has
been trapped intensively, consequently the fur-bearing animals are
becoming scarcer, and the present trapping ground of some of the Indians
is approximately 100 miles distant from the post. In the summer, moose
and caribou are scarce and hard to get, but excellent white fish and trout
are abundant in almost all parts of Island lake.

The timber on a number of the large islands in Island lake will be
& valuable resource. A few of the islands seem never to have been swept
by forest fires, their present forest represents the original forest of the
district. On such islands the trees are closely spaced, almost all are
spruce varying from 2 inches to 8 inches in diameter, from 25 to 50 feet
in height, and without limbs for from 15 to 25 feet from the ground. A
few very large spruce were noted, one measured 42 inches in diameter,
but bore limbs from the ground up.

The original forest of much of the country north and south of Island
lake has been burned, and the small jackpine, poplar, balsam-fir, and
spruce trees of these areas will not be of commercial value for many
years to come. Large stretches of country have been swept by forest
fires within the last fifteen years, and the traversing of such areas is
difficult on account of the many windfalls and thick underbrush.

The mineral resources of the area will be discussed in the section of
this report dealing with the economic geology.

GENERAL CHARACTER OF THE AREA

TOPOGRAPHY

Island Lake area is within the Canadian Shield and exhibits, in gen-
eral, the topographical features of this great region. The surface has a
flat appearance when viewed from any of the higher hills, but, in tra-
versing the country, a series of low ridges with complementary swampy
valleys are crossed. The maximum relief noted was 200 feet and in much
of the area the average height of the hills above the adjacent lake level
or valley bottom is estimated at from 50 to 75 feet. Most of the ridges
trend in a general east-west direction, parallel the regional structure of
the underlying rocks. In many parts of the area the surface is hum-
mocky, as depressions break the continuity of the ridges at intervals of
from a quarter to a half mile along the strike. The surface of the larger
islands within the lake exhibits the same hummocky character as the
country north and south of the lake. In wooded areas small, flat out-.
crops of bedrock are abundant along the north side and top of the ridges,
and, in areas swept by severe forest fires, bedrock is exposed almost con-
tinuously, except in the low, swampy depressions.
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The most prominent hill in the area extends northeast-southwest along
the east side of DuSault bay and Cordeau lake. This hill is about 6
miles long, and an aneroid traverse from near the foot of DuSault bay
indicated a height of 200 feet above the lake level. No rock outerops
were noted along the route traversed, the hill, evidently, is of glacial drift,
and, possibly, is a moraine.

GLACIATION AND GLACIAL DEPOSITS

The polished rock surfaces and the thin deposits of boulders and
unstratified clay indicate that Island Lake area has been crossed by a
continental ice-sheet. A study of the glacial strize shows that the ice move-
ment was from the north-northeast, the strike of the striz varying from
south 10 degrees to south 45 degrees west, astronomic. No regularity in
the changing strike of the glacial strie is apparent from east to west
across the area, as on closely adjacent outcrops strie were noted that
varied in strike as much as 25 degrees. Two sets of strim were noted
at only one place, namely, the large outerop at the end of a point on the
south shore of Benson bay near its east end. Here an older set of strim
strikes south 10 degrees west, and a younger set, south 45 degrees west
astronomic. The variation in strike of the strie throughout the area is
apparently due to local movements of the bottom layers of the ice-sheet
in passing over and around the rock hummocks, At the locality where
the two sets of striee were seen, the earlier ice moved approximately south
along the east side of a rock ridge, whereas the later movement was south-
west across the ridge.

As the ice-sheet retreated deposits of boulders, clay, sand, and
gravel were left scattered irregularly over the surface in the form of
terminal moraines, ground moraine, and kames. On the islands and
along the shore of Island lake the drift is thin and is confined to the
valleys and the south side of the southward-facing hills. Boulder beaches
are characteristic of the south shore of many of the islands and of parts
of the southward-facing main shore, whereas, along the northward-facing
shore, rock outcrops are abundant and there is little drift. South and
southwest of the lake, drift deposits are fairly widespread, and several
isolated drift ridges, trending fram east of north to northwest, were noted
within a narrow area extending northwest for 25 miles from Cordeau lake.
These north and northwestward-trending ridges probably represent a
poorly developed terminal moraine, and if so, indicate a halt in the retreat
of the ice-front just south and west of the basin of Island lake.

Sections of the glacial deposits are exposed at only a few places
along the lake shore or along creeks and rivers. Much of the drift is
boulder clay, and in the sections examined is not water-sorted. A few
sections showed irregularly stratified sand and gravel and represent kame-
like deposits or outwash materials. Boulders are scattered abundantly
over the surface, all the rock types of the area are represented, together
with a comparatively few, small, rounded boulders of Pal®ozoic limestone
and sandstone, probably from the area of Pal®ozoic strata southwest of
Hudson bay, and 150 to 200 miles to the northeast. A few small boulders
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©of iron’ ore—banded hematite, jasper, and chert—also were noted, the
source of these boulders is evidently from some area to the north or north-
east and within the Precambrian. No stratified post-Glacial lake clays
were noted within Island Lake area. Stratified clays formed in post-
‘Glacial Lake Agassiz are widespread to the northwest along Hayes and
Nelson rivers, and their absence from Island Lake area indicates that this
area was covered by the ice-sheet until after Lake Agassiz was drained.

No evidence was noted within Island Lake area of more than one ice
invasion. A study of the glacial features of north-central Canada, how-
ever, indicates a more complex glacial historyl for the area, and that
the Keewatin ice-sheet, moving from the northwest, probably also covered
the area. The last ice-sheet, moving from the north-northeast, is thought
to have been a part of the great Labradorean glacier that covered a
large part of eastern Canada. This last or Labradorean ice invasion
destr};)yed, in this local area, any easily recognizable traces of the earlier
ice-sheets. '

DRAINAGE

Island Lake area is within the drainage basin of Hayes river and
the drainage is to the northeast to Hudson bay by Island Lake river,
Gods lake, Gods, Shamattawa, and Hayes rivers. The lake has two
outlets, both at the northwest end. The main outlet is 64 miles northeast
of the Hudson’s Bay Company post and is on the usual canoe route to
Gods lake. The second outlet is at the north end of Chapin bay, 6 miles
east of the first outlet. The two rivers are reported to unite before Gods
lake is reached. A number of lakes within the Canadian Shield have two
outlets on the same side, and this feature is interpreted as due to a coincid-
ence of level of two depressions on the rim of the lake basin and not to
recent tilting of the land.?

Several fairly large rivers enter Island lake from the south, one river
flows from the west, and two from the east. The streams from the north
are all small as the northeast and northwest shores of the lake are jusb
south of a height of land; York and Angling lakes, 1 and 2 miles, respec-
tively, north of the northeast corner, drain to the north into Hayes river,
and the lakes north of Collins bay on the northwest drain west and north-
east. The rivers of the area are characteristic of those of the Canadian
Shield in general, and consist of lake-like expansions connected by narrow
stretches with boulder runs, rapids, and waterfalls.

ISLAND LAKE BASIN AND ITS ORIGIN

Island lake is so named from the vast number of islands, 3,475 of
which were examined and are shown on the accompanying map. A num-
ber of other lakes within the Canadian Shield are characterized by numer-
ous islands, distributed in groups with intervening large stretches of open
water, but in the case of Island lake the islands are distributed uniformly

1 Tyrrell, I. B.: '‘Glaciation of North-Central Canada'’; Jour. Geol., vol. VI, pp. 162-160 (1808).
2 Bowman, Isaiah: “Forest Physiography'’, p. 564 (1911).
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throughout the whole area of the lake, and in this respect it resembles the
northern half of Lake of the Woods! and also lake Timagami, which,
although much smaller in size of islands, contains 1,300 islands.2

Cochraned has compared, appropriately, the general form of Island
lake to that of the human stomach. In detail the shoreline is for the most
part exceedingly irregular, due to numerous branching bays, extending
from the west and east ends and from the south shores of the main central
body of the lake. The trend of the longer axis of the lake is nearly east-
west and the greatest length, from the west end of Collins bay to the east
end of Sagawitchewan bay, is approximately 70 miles. The main body of
the lake is 45 miles long and varies in width from 9 to 13 miles, the north
and south shores are parallel approximately, and curve gently to the south
to near the west end, where there is an abrupt turn north to the outlet.

The largest of the many bays indenting the shoreline is Cochrane bay,
extending eastward 11 miles from Linklater island and decreasing in width
from 4 miles to 4 mile. The shoreline of this bay is fairly straight and
follows closely the contact between granite, outcropping on the mainland,
and sediments outcropping on the points and islands within the bay. The
long direction of the narrow bays from the east and west end of the lake
is parallel the strike of the bedding or schistosity of the underlying sedi-
mentary and volcanic rocks, and apparently the form of these bays is con-
trolled by the presence of strata or lava flows more easily eroded than the
adjacent members of the series, which outcrop as low ridges along their
north and south shores. The south shore of the lake is exceptionally irregu-
lar due to numerous branching bays within granite and granite-gneiss,
whereas the north shore, from Cochrane bay eastward, is fairly regular and
follows the strike of thick, massive, sedimentary beds and lava flows, or
the contact between granite and sediments or lavas.

The islands within the lake vary in size from mere rocky islets to
masses of land many acres in extent. During the summer of 1927 the
water-level of the lake was low, and many low, flat, rocky islets were not
mapped, as when the water is very high these would be shoals; possibly a
few of the islets mapped may be covered at times of exceptionally high
water. Among the large islands are: Cochrane and Linklater islands, each
6 miles long with an average width of over 1 mile; Jubilee and Confedera-
tion islands 74 and 8% miles long, respectively; and Whiteway island 5%
miles long. Islands underlain by granite have an irregular shoreline and
shape, whereas islands underlain by sediments and lavas, with the excep-
tion of the north shore of Jubilee island, have fairly straight shores, are
much longer than they are wide, and locally are distributed in line, follow-
ing the trend of a particular sedimentary bed or lava flow. The islands
rige above the water-level of the lake in a fashion similar to that of the
small rock outcrops and ridges above the general level of the drift of the
surrounding country.

1 Lawson, A. C.: ‘‘Lake of the Woods Region’’; Geol. Surv., Canada, Ann. Rept., vol. I, pt. CC, pp. 15 (1886).

2 Barlow, A. E.: “Geology and Natural Resources of Nipissing and Timiskaming Map-sheet’’; Geol. Surv.,
Canada, No. 962, p. 268 I (1007).

3 Geol. Surv., Canada, Rept. of Prog. 1878-79, pt. C, p. 81.
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The soundings completed to date have not been extensive enough to
determine the average depth of water in the lake, but the few soundings
made indicate that certain parts are exceptionally deep and that there are
no extensive very shallow areas. Mr. T. Wass, a local trader, told the
writer that a series of carefully made soundings across Cochrane bay, just
east of Cochrane island, showed that at this point the water increased in
depth gradually from 6 to 36 feet, suddenly from 36 to 100 feet, and gradu-
ally from 100 feet to a maximum of 240 feet, and then decreased in depth
at about the same rate as it had increased. A series of soundings made by
the writer at various points along the southward curving shore west from
monument N58 indicated an average depth of water of over 150 feet. The
depth of the southern part of the lake basin is not so great as that of the
north, as the soundings made at numerous points indicated a depth of
water varying from 30 to 110 feet. Over most of the lake, with the excep-
tion of the small, shallow reefs, the water is comparatively deep to within
a few feet of the shore, and almost any point could be reached by small
tug and barge. Marshy tracts of shore are few and small, and shallow
sandy or shingle beaches are rare and of small extent.

An important factor in determining the shape and outline of Island
lake was the marked unequal resistance to erosion of the underlying rocks,
due to their variation in composition and structural features. Granite
and granite-gneiss outcrop extensively north and south of the lake, and a
long, narrow band of sediments and lavas extends through the central part
from the west to east ends. The granite is fairly uniform in texture and
mineral composition over wide areas, but the degree of development of
jointing and gneissic structure varies greatly from point to point, and in
many cases these structures have facilitated erosion, and thereby controlled
the location and irregular outline of the many bays along the south shore.
The lava flows and sedimentary strata, in contrast with the fairly uniform
granitic rocks, vary markedly in mineral composition and degree of schis-
tosity within short distances transverse the strike of the flows and beds,
and, on this account, were more easily eroded along certain zones than
others. Thus the resulting surface would be naturally more uneven, and
the average relief somewhat greater, in the area of sediments and lavas,
than in the surrounding granite.

During the Glacial period one, and possibly several, ice-sheets
crossed the basin of Island lake. The last ice invasion was from the
north-northeast and nearly at right angles to the long direction of the
lake basin. These glaciers removed from the surface the weathered
materials, and locally some solid rock, although glacial erosion, in the
writer’s opinion, was only a minor factor in the formation of the lakd
basin, & more important glacial feature being the quantity and mode of
distribution of the glacial deposits. The mantle of glacial drift deposited
within the basin of Island lake by the last ice-sheet was comparatively
thin, consequently the original uneven pre-Glacial surface was not oblit-
erated. Lawsonl has noted that the drift deposits are thin and scarce
in the northern half of Lake of the Woods, where the shoreline is irregu-

1 “Lake of the Woods Region'’; Geol. Surv., Canada, Ann. Rept., vol. I, pt. CC, p. 15 (1886).
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lar and islands are numerous. Undoubtedly many of the more shallow
depressions between islands or between islands and mainland would have
been filled locally, if the drift mantle had been thicker or more unevenly
distributed, and instead of a single lake, with a very irregular shoreline
and numerous islands, many small basins would have been formed and
occupied by lakes in a fashion so characteristic of most areas within the
Canadian Shield.

To sum up: the basin of Island lake is interpreted as a remmant
of a broad depression eroded in the area underlain by metamorphic
sediments and lavas at a period in pre-Glacial time when the land stood
slightly higher than at present. Some beds of the voleanic and sedi-
mentary strata eroded much faster than others and a very uneven sur-
face resulted. During the Glacial period the advancing ice-sheet carried
away practically all the decomposed materials from the surface, and
possibly deepened locally this depression by removing fresh rock. As the
last ice-sheet retreated the drift deposits left in this particular area were
thin, consequently the irregularities of the original surface were only
slightly smoothed out by glacial deposition. Water accumulated in this
broad depression and the level of the two outlets or lowest points on the
rim was slightly below the general level of the many hummocks on
the surface of the depression, consequently they formed the many islands
dotting the surface of the lake.

GENERAL GEOLOGY

GENERAL STATEMENT

The known bedrock of Island Lake area is Precambrian and is
divided structurally into five main groups. The oldest group is a com-
plex of voleanic and sedimentary strata, in places interbedded, but in
some localities only sediments or only lavas are present. The rocks of
this group are metamorphosed, and locally chlorite and carbonate schists
have developed. The average dip of the beds is steep and locally small
anticlinal and synclinal folds developed on major folds. Extensive
areas of sediments and lavas lithologically similar to those of the basal
group of Island Lake area are known at a number of other localitieg
within the basin of Hayes river, and the name Hayes River group is pro-
posed for this basal group of sediments, volecanic flows with interbanded
sediments, and voleanic flows and tuffs.

In Island Lake area a younger series of sediments was deposited on
an erosion surface of the Hayes River group. Pebbles of the main rock
types of the Hayes River group are abundant in the basal conglomerate
of this younger series of coarse clastic sediments, which are folded into a
broad syncline within the volecanic members of the Hayes River group.
Sediments younger than the Hayes River volecanics have not been recog-
nized elsewhere in northeastern Manitoba, and it is proposed to designate
these younger sediments the Island Lake series.
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Members of the Hayes River group are cut by a few dykes and
sills of a fine to medium-grained diorite and gabbro older than more
widespread granite and granite-gneiss which also infrude the Hayes
River group. Granite was not found in contact with the Island Lake
series, but this series is assumed to be older than the granite. Although
granite boulders and pebbles are abundant in the conglomerate of both
the Hayes River group and the Island Lake series, no field evidence was
found proving the presence of granite of more than one age. Numerous
small dykes and lenticular bodies of granite porphyry intrude the Hayes
River group and are interpreted as upward projections from the rocf
of a granite body below, and to be of about the same age as the wide-
spread granite of the area. Pegmatite and aplite dykes cut the grey
phases of the granite and small quartz veins were noted along schistose
zones in the lavas and sediments. Dykes of massive diabase cut the
Hayes River group and the granite, and are the youngest rocks recog-
nized in the area.

The various rocks recognized in the field may be grouped and tabu-
lated, in descending order with respect to age, as follows:

Table of Formations

Younger basic intrusives Diabase

Intrusive Contact

Granitic intrusives Pegmatite and aplite
Granite, granite-gneiss, quartz diorite, and quartz gabbro
Granite porphyry

Intrusive Contact

Older basic intrusives Diorite and gabbro

Intrusive Contact

Island Lake series Quartzite, grit, and conglomerate
Unconformity
Hayes River group Volcanics, including andesite, dacite, and derived chlorite and

carbonate schists

Volecanics with interbedded sediments, including andesite,
dacite, tuff, slate, and cherty quartzite

Sediments, including slate, greywacke, quartzite, and con-
glomerate

67538—5
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HAYES RIVER GROUP

Lithological Character

The Hayes River group embraces a complex of surficial rocks, and,
for the purpose of description, may be subdivided lithologically into four
classes: (1) clastic sediments, including greywacke, quartzite, and con-
glomerate; (2) fine-grained, laminated sediments, including cherty
quartzite and slate; (3) lava flows, including dacite and andesite and
derived schists; and (4) tuffs interbanded with the lava flows.

Greywacke, Quartzite, and Conglomerate

Sediments of this class outerop on Cochrane island, on the small
islands within Cochrane bay, and on the mainland east and west from
Garden Hill Indian reserve. The rocks are grey to dark grey, and all
have been mashed and the minerals partly recrystallized. The micro-
scopic examination of thin sections of greywacke, quartzite, and the
matrix of the conglomerate shows all to consist of both rounded and
angular fragments of quartz and of feldspar, in a fine-grained matrix
of these minerals along with varying proportions of biotite, chlorite, seri-
cite, calcite, magnetite, and pyrite. The larger quartz grains show un-
dulating extinction, are intersected by small cracks, and contain dust-like
inclusions. The plagioclase feldspar shows albite twinning and ranges in
composition from albite to oligoclase. Only a very few grains of ortho-
clase were recognized. The feldspars are fresh in appearance, but contain
many minute inclusions.

Greywacke is typically exposed along the north side of Cochrane
island and along the shore at points east and west of Garden Hill reserve.
Bedding is usually well developed; coarse, light grey beds varying in thick-
ness from 2 to 18 inches alternate with thin, dark grey, fine-grained,
micaceous beds, or with grey, cherty-appearing beds. The coarser beds
are lenticular and crossbedding is locally developed; the beds of finer
materials continue long distances along the strike with uniform width and
appearance. Along the south shore of Chapin bay, beds of quartz-felds-
par-biotite-garnet schist alternate with the greywacke. Under the micro-
scope the typical greywacke is seen to consist of sand grains, and these
rocks were originally sandstone, carrying variable proportions of felds-
par and clayey materials.

The quartzite beds are best developed along the north shore of
Jubilee island and on the islands in Cochrane bay, south and east
of Cochrane island. The rocks are massive and the beds vary
from 6 inches to 3 feet in thickness, and locally are separated by thin beds
of greywacke or slate, which show fracture cleavage. Some of the thin
beds show a change in texture gradually from a relatively coarse, typical
quartzite at the bottom to a very fine, cherty quartzite at the top of the
bed. A thin section of a specimen from one of the thick, massive quartz-
ite beds shows fair-sized grains of quartz and a few grains of plagioclase,
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near oligoclase in composition. The periphery of these grains has been
shattered; the interstices between the grains are filled by quartz, untwinned
feldspar, calcite, epidote, and chlorite. The minerals are fresh, many of
the larger feldspars contain inclusions, and in one thin section brown
biotite is abundant. The larger grains are angular in shape and only a
few show the rounded outlines typical of water-sorted sands.

Conglomerate occurs associated with the greywacke and quartzite at
various horizons and grades upward, downward, and along the strike into
sediments of finer texture. These conglomerates have been deposited as
lenticular beds of various lengths and thicknesses, the most persistent bed
noted follows closely the water edge along the north shore of Cochrane
igland, and varies from 5 to 35 feet in thickness. The matrix of this
bed is greywacke, in places fine-grained, almost black, and with a slaty
cleavage. The pebbles and boulders are all waterworn, they range from
less than 1 inch to over 1 foot in diameter, and are predominantly granite,
but pebbles of quartzite, white quartz, chert, flint, and a dark dioritic
rock are also represented among them.

A considerable thickness of conglomerate is exposed north of Island
lake along the east line of Garden Hill reserve. Here the matrix is a
sheared greywacke, the pebbles are of granite and all are small. In cer-
tain beds the pebbles are squeezed into lenticular forms whose longest
axis parallels the strike of the schistosity of the groundmass. The felds-
pathic and clayey material of the matrix has been converted in great
part into the micaceous minerals ssricite and chlorite. Outerops of con-
glomerate on the small bay 1 mile east of Garden Hill settlement show
few granite pebbles, white quartz, chert, and black quartzite pebbles
greatly predominate, and here the matrix is slate. Observations at a
number of other localities indicate that in conglomerate beds with a
slaty matrix the proportion of granite pebbles is much less than it is in the
beds with a greywacke or arkose matrix.

A fringe of conglomerate cuterops at intervals along the south shore
of Cochrane bay and closely adjacent islands for a distance of 1 mile west
and 2} miles east of monument M 87. This conglomerate is interbedded
with quartzite, arkose, and greywacke. The boulders and pebbles are
well-rounded and up to 3 feet in diameter, but the larger number are under
1 foot in diameter. They are mostly granite of a dark grey, slightly
porphyritic variety. A few pebbles of white quartz and of dark quartzite
were noted also. These conglomerate beds are exceptionally lenticular,
grading within short distances, both at right angles to and along the
strike, into arkose, quartzite, or greywacke. A similar quartzite-con-
glomerate horizon was noted along the south shore of Cochrane island near
the west end.

Along the north shore of Red Sucker lake, northeast of Island lake,
a large area is underlain by dark grey, fine-grained sediments that ori-
ginally were greywacke, but are recrystallized for the most part to dark
micaceous rocks, which are locally schistose. A few outerops show the
original bedding planes distinetly, and some of the more massive beds
are impure quartzites and are only slightly recrystallized. No outcrops
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of conglomerate, cherty quartzite, or slate so characteristic of the sedi-
mentary series on Island lake were noted. In thin section under the
microscope the important constituents of the mica schists are angular
and rounded grains of quartz, green biotite, green hornblende, and oli-
goclase feldspar. The general strike of the beds is approximately east
and west, and the dips are steep. There has been some close folding,
as both northward and southward dips were noted, but outcrops are scarce
for-long stretches along the lake shore and little detail of the structure of
this area of sediments was obtained from a hurried examination of the
lake shore. Pegmatite and aplite dykes cutting the sediments are locally
abundant.

Cherty Quartzite and Slate

Members of this group are interbanded at various horizons with the
sediments described in the preceding paragraphs, and also with the lavas
. to be described in the next section of this report. At many places the

massive, thickly bedded quartzite and greywacke grade into more thinly
bedded types of finer and more even-grained fabric. The beds of the
fine-textured sediments vary in thickness from a fraction of an inch to
several feet, and lamination lines are well developed in many outcrops.
Many of the thin beds of these sediments are metamorphosed to either
qulartz-sericite or quartz-chlorite schists, and locally are strikingly drag-
folded.

Cherty quartzite is the field name given to certain bedded, fine-
grained to dense, siliceous rocks with a cherty appearance, that outcrop
with typical features along the north shore of Confederation island. Here
is exposed a thickness of at least 1,000 feet of such siliceous rocks, the
coarser-grained beds of which are dark quartzite with a glassy appear-
ance, and with which are interbedded thin beds of typical chert and beds
gradational in texture between the typical quartzite and chert. The
beds are up to 1 foot in thickness, and are not lenticular, for a series of
s dozen or more alternating beds were followed 6,000 feet along the strike
without any marked change in their appearance or thickness.

In thin section the cherty appearing beds are seen under the miero-
scope to consist of a microgranular aggregate of quartz, abundant small
shreds of white mica, some chlorite, and a few small grains of pyrite and
magnetite. The glassy, quartzitic beds consist of a matrix of micro-
granular quartz throughout which are scattered angular grains, averag-
ing 0-013 inches in diameter, of quartz and a twinned plagioclase. Shreds
of sericite and chlorite are abundant and are arranged in parallel lines
across the thin section. An unusual feature of the thin sections of these
very fine-grained quartzose rocks is the presence of numerous rounded
areas, up to 0-15 inch in diameter, consisting of hornblende, plagioclase,
epidote, and calcite. These areas have sharp outlines against the quartz-
-ose matrix and are arranged at intervals along zones wherein the quartz
is of slightly coarser fabric than the average of the thin section. Lavas
outcrop both north and south of this cherty quartzite horizon, and the
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nodular bodies represented in thin sections by the areas rich in ferro-
magnesian minerals, are interpreted as fragments of voleanic rock
deposited contemporaneously with the fine-grained sand.

Black, very fine-grained rocks, generally characterized by slaty
cleavage, are exposed at numerous places along the shore and on the
adjacent islands east for 8 miles from Garden Hill settlement, and west
to near the southwest corner of Cochrane island. In many outcrops of
these rocks, thin, dark grey, more quartzose beds alternate with black,
dense beds, or dark magnetite-rich lamina alternate with greenish grey
chert or dark cherty slate layers. The cleavage of the slaty beds parallels
the bedding. Associated with the distinctly bedded types is a consider-
able thickness of & fine-grained black rock with poorly developed cleav-
age, and without trace of bedding or other evidence of origin, but prob-
ably also representing thick beds of argillaceous materials. Microscopic
examination of thin sections with high magnification shows that the
slates are made up of very small quartz and feldspar grains like the other
sediments of the group, but the slates contain a much higher percentage
of greenish grey, chloritic-looking material. Quartz-chlorite schists are
locally developed and many of the thin cherty and iron-rich beds are
minutely folded and crinkled. Differences in original composition account
for the bedding and variation in appearance of the slaty beds, the schis-
tose and drag-folded beds resulted from local deformation of the thin
beds during folding.

Andesite, Dacite, and Derived Schists

Rocks that were undoubtedly volcanic flows are abundant in Island
Lake area. They are typically developed on the east shore of Fleet
point, on the south end of Linklater island, along the south shore of
Confederation island, on Whiteway island and the mainland to the north,
and along Sagawitchewan bay. The voleanic rocks are characteristically
grey to black, fine-grained, and massive, except locally where chlorite-
schist is developed along shear zones. Although massive in appearance
these lavas contain considerable quantities of the secondary minerals,
chlorite, actinolite, carbonate, and epidote. Possibly there was a con-
siderable range in composition of the unaltered rocks, but the micro-
scopic study of thin sections of specimens from typical exposures indi-
cates types of medium basicity, probably andesite and dacite in composi-
tion originally. Pillow structure is well developed in many exposures,
but scoriaceous lava was observed only at a few localities.

A specimen of what was judged to represent the typical massive
andesite of the area, and was collected from near the southeast corner of
Linklater island, shows under the microscope a felty aggregate of feldspar
and hornblende, together with a few flakes of biotite. Most of the feldspar
is kaolinized or has been recrystallized to albite, containing abundant
small inclusions, and only a few lath-shaped fresh ecrystals of andesine
remain. The hornblende is in part gone to chlorite and epidote; the
biotite flakes are fresh and highly pleochroic. No quartz was recognized
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in the thin section. To the west along the south shore of Collins bay,
however, a number of flows of black lava show small phenocrysts of
smoky quartz on the light grey, weathered surface. In thin section these
lavas consist of oligoclase and orthoclase feldspar, quartz, and green bio-
tite. The feldspar is partly altered to caleite and sericite. The texture
is slightly porphyritic, the larger quartz and feldspar phenocrysts average
in length about 0-06 of an inch. The quartz of these black lavas is un-
doubtedly primary, and, therefore, they are probably near dacite in com-
position.

Voleanic rocks outcrop extensively along Sagawitchewan bay and
westward. At a few localities they show excellent pillow structure, some
of the pillows noted were 10 feet long. On the point north of the long,
narrow entrance to Sagawitchewan bay some of the pillows are flattened
markedly on the south side, and others show scoriaceous lava on the north
side and around the ends. Areas of lava without pillows are irregularly
distributed throughout the pillow lava, On the islands and point south-
west of Loonfoot island, however, the lavas are exceptionally massive and
free from pillow structure or interbanded stratified tuffaceous materials.
A study of thin sections of the lavas from this locality shows no evidence
of flow structure and the rock consists largely of an aggregate of small
grains of kaolinized feldspar, shreds and fibrous bunches of actinolite
- and chlorite. A few clear grains of a twinned plagioclase, near andesine
in composition, are present, also some untwinned feldspar, possibly albite,
and a few grains of calcite,

The microscopic study of thin sections of the voleanies from the small
islands northwest of Loonfoot island shows that here the black lavas
all contain a large percentage of carbonates and that exceptional carbon-
ated types are developed locally. The thin sections of the massive-
appearing black lava show almost all the feldspar gone to calcite and the
ferromagnesian minerals to actinolite, chlorite, epidote, and magnetite.
Associated with these black lavas are grey rocks that weather with an
irregular pitted surface and are cut by very small granitic dykes and car-
bonate veins. A thin section of this type consists of over three-quart-
ers carbonates, the remaining minerals being a colourless mica, possibly
muscovite, some chlorite, and magnetite grains. It is not easy by micro-
scopic study to ascertain the composition of the carbonates; however, the
most abundant carbonate present is probably ankerite, as the brownish-
coloured weathered surface of some outerops suggests an iron-bearing car-
bonate, and chemical tests indicate the presence of abundant magnesium
in the rock. Dolomite and siderite may also be presenl as the exact
composition of these carbonates cannot be determined without a more
detailed chemical study.

Carbonated rocks have been described in association with the lavas
from a number of areas in Ontario, and it is generally agreed that such
rocks represent lavas wherein the primary minerals have been replaced
by carbonates and other secondary minerals. In Red Lake area, approxi-
mately 170 miles to the south, many of the voleanic rocks contain con-
siderable carbonate and here the field and microscopic evidence agree that
the carbonates have developed as end products of the alteration of basic
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rocks, and this alteration is believed to have been produced by certain
quartz porphyry intrusives.! Almost all the thin sections of the volcanic
rocks of Island Lake area show the feldspars partly altered to calcite,
and the gabbro, diorite, and quartz porphyry intrusives also contain car-
bonates. At most localities, however, the alteration of the original minerals
to carbonates has not reached the advanced stage it has in the area north-
east of Loonfoot island, and especially in the narrow area between the
granite on the east and the younger sediments on the west. Rusty weather-
ing carbonate veins are developed in the slates, tuffs, and schistose
voleanics along the shore and on the islands east from Garden Hill
settlement, but here the country rock is not so extensively replaced by
carbonates. In both these localities numerous small intrusive dykes of
quartz porphyry and aplitic granite are abundant, and the solutions
forming the carbonate veins and causing the intense alteration of the
rocks in these localities are believed to have originated from the magma
that formed the numerous, small, granitic dykes. For some areas the
evidence strongly supports the view that the carbonation is caused by
heated carbonated waters that accompanied the successive voleanic
eruptions2 and it is noteworthy in this connexion that the most widespread
type of alteration of the volcanics of Island Lake area is that of the feld-
spars to ealeite, and that the iron and magnesium-bearing carbonates are
only locally developed and occur along zones where intrusives are abund-
ant. The widespread occurrence of the calcite type as compared with
the local distribution of the iron and magnesium carbonates, suggests that
there may have been two periods of carbonation: the first a widespread
alteration of the feldspar of the lavas to calcite caused by heated waters
given off during the volcanic eruption; the second a more local but intense
introduction of carbonates along schistified zones immediately preceding
or accompanying the intrusion of the granite magma.

Andesite lava outcrops at seven places on the north shore of Red
Sucker lake west of the large north bay leading to the outlet of ‘the
lake. The lavas are black, fine-grained rocks showing pillow structure.
A few outcrops of bedded tuff were noted associated with the lavas. In
thin section the feldspar of the specimen of lava collected is andesine, in
part granulated and recrystallized to an untwinned feldspar, probably
albite. The hornblende is a deep green, highly pleochroic variety, in part
altered to chloritic material. Little or no calcite is present in-the thin
section examined. The age relations of the lava to the mica schists are
unknown.

Tuffs

At various horizons within the lavas, greenish to black stratified rocks
were recognized and in the field were interpreted as beds of tuffaceous
materials. These rocks are fine-grained except locally where medium-
grained, grey, gritty, and agglomeratic types are developed. Tuffs out-
crop along the shore of a number of the islands of the chain of long, narrow

:Bruqe. E. L.: Ont. Dept. Mines, vol. XXXVI, pt. ITI, pp, 13-15 (1927).

llins, W. H., Quirke, T. T., Thomson, Ellis: ‘‘Michipicoten Iron Ranges”; Geol. Surv., Canada, Mem.
147, p. 32 (1928).
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islands 3 miles south of monument N 58, and on a number of the islands
north and south of this group. Here some outcrops show excellently the
bedded character of the tuffs, the different beds weathering to tints of
greenish grey, reddish, and purplish. The central part of the islands is
underlain by typical andesite lava and the stratified beds are clearly inter-
banded with the volcanics.

Under the microscope all thin sections of the tuffaceous rocks are
similar in appearance and, as in the case of the lavas, are characterized by
abundant secondary minerals. A thin section of the typically bedded tuff
from the east end of the large island southwest of Savage island shows the
rock to consist of abundant caleite and chlorite, angular grains of twinned
plagioclase, some quartz, zoisite, and pyrite. A thin section cut transverse
to the bedding shows that the carbonate and shreds of chlorite are dis-
tributed in parallel layers, with a larger percentage of quartz and feldspar
in the intervening areas. Many of the feldspar grains are altered to
kaolinitic-like material and the few fresh grains contain abundant small
inclusions. The few quartz grains are fresh in appearance and their dis-
tribution in veinlets or grouped around clusters of zoisite, suggests for
them a secondary origin., These tuffs are associated with andesite lavas
and probably originally were andesitic in composition. They have under-
gone secondary alteration similar to that of the nearby lava.

Structure and Age Relations

The lavas and sediments of the Hayes River group are closely folded
and the details of the structure have not been determined. The general
strike of the now deeply truncated fold is west or locally northwest.

The axis of a broad anticlinal fold, striking east, crosses Linklater
island about 2 miles from its north end, and swings southeast towards
Garden Hill reserve. South of Cochrane bay a large, tongue-shaped mass
of granite has been intruded along the projected eastward continuation of
this fold. Coarse, clastic sediments outcrop along the axis of this fold, and
voleanics and interbanded sediments are typically developed on its south
limb. On the islands in Cochrane bay, the sediments are closely folded
into several minor anticlinal and synclinal folds. This minor folding is
well shown on the east end of Cochrane island, where, within one-half mile
transverse the strike, a conglomerate bed between two beds of greywacke
is folded into two synclines with an intervening anticline. The gradual
change in texture within many of the thin quartzite beds, from relatively
coarse quartzite at the bottom to fine-grained cherty quartzite at the top,
shows that south of Garden Hill Indian reserve the south-dipping beds are
not overturned, and, therefore, successively younger strata and lava flows
are crossed from north to south. The field evidence indicates that the
quartzose sediments outeropping on the islands in Cochrane bay are strati-
graphically below the sediments and lavas south of Garden Hill Indian
reserve.

East of Confederation island definite horizon markers were not found
within the volcanies whereby it would be possible to determine definitely
their structure. The dip and strike of the schistose cleavage of the lavas
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and of the bedding of the tuffs show, however, that the volcanies are com-
plexly folded. East of Pickerel narrows the dip of the schistosity of the
lavas is to the north and away from the granite mass, and farther east
along the north shore the prevailing dip is southward, although northward
dips were also noted. On the south side of the lake, just west of the
entrance to Sagawitchewan bay, the dip of the schistose cleavage is to the
north, but farther west and south of Savage and Sinclair islands the belt
of voleanics and interbanded tuff is narrow and apparently here these
rocks are closely folded. The broad structure of the volcanic complex in
the eastern half of the area is interpreted as syneclinal, with minor folds on
both the north and south limbs.

ISLAND LAKE SERIES

Distribution
A series of coarse, clastic sediments, younger than the Hayes River
group of volecanics and sediments outcrops on the islands within the east-
central part of Island lake. The sediments of this younger group are
typically exposed on Sinclair and Savage islands, and on the islands to
the east for 5 miles. The area underlain by this series of sediments is

roughly oval in outline and is approximately 10 miles in length, with a
maximum width of 3 miles.

Lithological Character

The sediments of this younger series are massive, thick-bedded con-
glomerate, grit, and quartzite, with a few thin beds of greywacke and at
one locality some slate. These sediments vary greatly in lithological
character from point to point and the beds are lenticular. Conglomerate
outerops, however, predominate in a narrow belt along the border of the
area underlain by the younger sediments, and the quartzite and grit out-
crop on the islands in the central part of this area. The conglomerate
beds vary in thickness from less than a foot to 12 or 15 feet, and the
thicker beds nowhere definitely show stratification lines, although in a
few places a faintly expressed parallel alignment of the pebbles can be
observed. All the pebbles and boulders are rounded and the majority
of them are small, averaging about 2 inches in diameter, although some
beds contain many pebbles up to 6 inches in diameter, and a few boulders
up to 14 feet in diameter. The larger pebbles and boulders are of granite;
small pebbles of andesite, green schist, quartzite, white quartz, feldspar
porphyry, jasper, and iron formetion are abundantly present. Some out-
crops of conglomerate near the andesite and just west of Loonfoot islands
carry abundant large pebbles and andesite of the Hayes River group.
The matrix of the conglomerate on Sineclair islands is arkose and grit and
here the pebbles of some beds are estimated to form three-quarters of the
rock. Some outcrops show the pebbles distributed in bunches, and in
several places three or more pebbles were noted in contact with each
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other. In the eonglomerate outcropping along the south border of the
area underlain by the younger sediments the pebbles are not so numerous,
and are, on the average, of smaller size than they are in the conglomerate
along the north border, alsoc here the matrix is dark greywacke instead
of grit. Thin beds of grit, greywacke, and quartzite are interbedded with
the conglomerate, and on a small island 2} miles northeast of Sinclair
islands, two thin beds of slate were noted in the conglomerate, apparently
near the base of the series.

The quartzite and grit are light grey rocks consisting of angular
and subangular grains of quartz, a few bits of feldspar, and shreds of
sericite mica. They are massive, thick-bedded, and the beds seldom show
lamination lines or crossbedding. Here and there lenses and thin beds
of conglomeratic material are present and grit beds were noted that graded
into dark, fine-grained greywacke. The ouferops of the quartzite and
grit are uniform in appearance and form hills and low bridges paralleling
the strike of the beds.

Structure and Age Relations

The absence of distinct bedding planes in some of the outerops of
conglomerate and grit makes it difficult at most points to determine the
angle of dip, but many observations of the strike and dip of the thinner
beds show clearly that the strata are folded into a syncline within the
voleanics. All the dips noted along the outer rim of this area of sedi-
ments are towards the centre of the area, and the angle of dip is {from 33
to 60 degrees. The strike of the beds also roughly parallels the outline
of the area underlain by these sediments, and around the northeast
corner is approximately at right angles to that of the schistosity of the
volcanics. The average dip of the younger strata is about 40 degrees,
whereas the dip within the Hayes River group is generally 70 degrees or
over. The presence of abundant pebbles of members of the Hayes River
group in the basal conglomerate, combined with the discordance in struc-
ture between the two groups, indicates clearly that the coarse, clastic
strata were deposited on an eroded surface of the volcanics and possibly
within a broad, shallow depression.

The sediments of the Island Lake series were not seen in contact
with granite, and, therefore, the age relations of this series of strata to
the granitic intrusives of the area are not definitely known. The abun-
dant large boulders of granite in the basal conglomerate indicate a granite
area nearby at the time of deposition, but the field work failed to locate
outcrops of this granite. Small veinlets of white quartz were noted cutting
the conglomerate and quartzite beds on a small island just west of the
entrance to Sagawitchewan bay, and since quartz veins are generally as-
sumed to be closely associated in origin with periods of granitic intrusion,
the presence of these small veins favours the assumption that the Island
Lake series is older than at least some of the granite outeropping in the
area.
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In lithological character some of the conglomerate of the younger
series resembles closely the conglomerate outcropping as a fringe along
the south shore of Cochrane bay just east and west of monument M 87.
However, the conglomerate at this latter point differs from the younger
conglomerate in the absence, so far as observed, of boulders of andesite,
jasper, and iron formation. For this reason the conglomerate and inter-
bedded quartzite along the shore of Cochrane bay are thought to repre-
sent a phase of the greywacke conglomerate typically developed to the
north and west and definitely older than the voleanics. The conglom-
erate along the shore of Cochrane bay is cut by granite, the intrusive
relations of the granite being well shown on the east end of the long
island just northwest of station M 87,

OLDER BASIC INTRUSIVES

Occurrence and Age Relations

Associated with the voleanic members of the Hayed River group are
numerous, small bodies of a dark green to black, medium-grained rock,
with the mineral composition of diorite and gabbro. The outerops of these
rocks indicate that they form long, narrow bodies, generally less than
400 feet in width, only one mass was noted with a width as great as 1,000
feet. These intrusives are not distinguished on the accompanying map,
as time was not available to map accurately their areal extent.

Where exposed, the contact of the medium-grained, basic rocks shows
intrusive relationships with the fine-grained, black lavas. A few, long, nar-
row masses of similar-appearing rocks were also noted within the sediments
associated with the lavas, and, although the contact of these with the
sediments was not seen at any of the localities examined, their coarse
grain suggests an intrusive rather than an effusive origin. Inclusions of
diorite and gabbro are abundant in the granite locally and on the west
shore of Linklater island a dyke of granite cuts the diorite. The distri-
bution of these basic intrusives indicates that they are intimately asso-
ciated in origin with the voleanic rocks, possibly representing dykes or
sills formed during the period of the extrusion of the lavas.

Lithological Character

Several fairly large bodies of diorite outcrop on the southeast corner
of Linklater island and to the west on Fleet point. The rock is medium-
grained and massive, except where locally sheared. The outerops weather
black and except for their coarser grain are similar in appearance to some
outerops of the andesite lava. In thin section the minerals of the dior-
ites are seen to be altered to an aggregate of chlorite, saussurite, epidote.
calcite, quartz, leucoxene, and only remnants of a few of the larger
crystals of andesine and hornblende remain. A thin section of a schis-
tose phase of this diorite shows little trace of the original minerals of this
rock and consists of needles and radiating fibrous aggregates of actino-
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lite, without parallel orientation and embedded in a matrix of small
grains of secondary feldspar, calcite, and quartz. A few small grains of
hornblende were noted and chlorite, pyrite, and leucoxene are abundant.

The minerals in the thin section of the diorite within the sediments,
on the north shore of Confederation island, are altered, and only a few
grains of the original twinned andesine remain. Most of the feldspar is
untwinned, appears to be albite, and probably is a recrystallization pro-
duct. This diorite contains, besides feldspar, a considerable amount of
brown biotite, titaniferous magnetite, leucoxene, and chlorite, probably
secondary after hornblende.

A number of outerops of gabbro were noted within the lavas along
the south and east shore of Whiteway island. These rocks are massive,
medium to coarse-grained, and locally weather reddish brown. Here the
contact zone between a coarse-grained gabbro dyke and a lava flow is
sheared and impregnated with white quartz. A thin section of what was
judged to be the least altered and also the most basic phase of these
intrusives, shows a large percentage of the secondary minerals actino-
lite, chlorite, calcite, epidote, and leucoxene. The feldspar is between
andesine and labradorite, and both hornblende and augite are present.
A few grains of secondary quartz are also present. Numerous outcrops
of a similar-looking gabbro were also noted on the long, narrow island
southeast of Confederation island and at the east end of the lake, one
mile south of the entrance to Sagawitchewan bay. In the thin sections
of specimens from these localities hornblende is abundant and the feld-
spar is labradorite, although largely altered to saussurite and small grains
of an untwinned feldspar, probably albite. The hornblende is in part
altered to actinolite and chlorite.

GRANITIC INTRUSIVES

Granite Porphyry

Distribution and Structural Relations. Small dykes and lenticular
bodies of granite porphyry of two types cut the lavas and sediments of
Hayes River group. A type, in which quartz phenocrysts predominate,
intrudes as small dykes along schistose zones within the volcanics and
bedded tuffs east from Garden Hill Indian reserve and just west of Saga-
witchewan bay. The quartz porphyries are generally schistose, but at a
few places their contact is sharp and shows chilled edges or cuts at an
angle the schistosity or bedding of the lava or tuff. Porphyry with feld-
spar phenocrysts outcrops in Jubilee and Confederation islands and on
a few of the islands to the northeast to Linklater island. These porphy-
ries occur as dykes or lenticular bodies cutting the sediments and lavas
of Hayes River group and the gabbro intrusives. In the larger masses
the porpyhyritic texture is not noticeable, the rock being an unevenly
granular granite. The contact relations of the small porphyritic masses
with granite were not seen, but the areas of rock with a porphyritic tex-
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ture are thought to represent small upward projections from the roof of
a granite mass below, and possibly were formed during an early stage of
the period of granitic intrusion.

Lithological Character. The quartz porphyry is ash-grey to black,
with abundant small phenocrysts of smoky quartz visible on the greenish
grey, weathered surface. A thin section of a specimen from a porphyry
mass outcropping along the lake shore 1 mile northeast of monument
N 34 shows abundant, subangular quartz grains, and a few, small ortho-
clase and albite crystals in a schistose groundmass of sericite, chlorite, small
angular grains of quartz and feldspar, and a few small areas of calcite.
The quartz phenocrysts show undulatory extinction and their borders are
granulated. Some quartz and feldspar are intergrown and a few small
grains of pyrrhotite are associated with these areas. A grey porphyry
from the south shore of Collins bay, 14 miles west of monument W 96, con-
tains phenocrysts of quartz and of partly altered orthoclase and albite
oligoclase, in a groundmass of small grains of quartz and feldspar, green
and brown biotite, sericite, and caleite. A thin section of quartz porphyry
from one mile west of monument P 62 shows the minerals, except quartz,
altered to calcite, chlorite, and kaolinite.

The feldspar porphyry is a massive-appearing, light grey rock with
abundant feldspar phenocrysts and a few large crystals of black biotite
and hornblende recognizable in the hand specimen. A thin section of a
specimen from one of these porphyry bodies from near the bottom of the
deep foot-shaped bay on the north side of Jubilee island shows the min-
erals of this rock badly altered to secondary products. Only the outline
of the large feldspar phenocrysts and a few remnants of hornblende in the
centre of large masses of chloritic-looking material can be seen. The feld-
spars are gone to kaolinite, calcite, sericite, and quartz. A few small
grains of an untwinned feldspar are recognizable in the groundmass of
secondary minerals, also a few grains of titanite, leucoxene, and magnetite.
The study of the thin sections of both types of porphyry shows the miner-
als badly altered to secondary products, and in this respect these porphyries
resemble the lavas and basic intrusives described in the foregoing sec-
tions of this report. The minerals of the granites are fairly fresh and
the altered condition of the minerals of the small bodies of granite por-
phyry is the main reason for the belief that they are slightly older than
the granite.

Grantte and Granite-gnetiss

Distribution. Granitic intrusives are widespread in northeastern
Manitoba; in Island Lake area they outcrop extensively around the
edge of the area mapped. In fact the outline of the area studied was
determined to a large extent by the size and shape of the area of pre-
granite sediments and voleanics, which are more likely to be the ore-
bearing formations of the district. The narrow areas of granite shown
around the edges of the map-area are parts of granite masses, that are
believed to extend miles beyond the edge of the map-area. At present
the large granite areas offer little attraction to prospectors and are
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avoided. However, within these areas supposedly underlain by granite
there may be fairly large areas of rocks of pre-granite age, and for this
reason it is impossible without geological exploration to predict the loca-
lities in northeastern Manitoba wherein mineral deposits may or may not
be expected to occur.

Lithological Characters. Massive, light grey and pink granite are
the most characteristic types of the area, gneissic and dark basic phases
are developed only locally. In texture all gradations from coarse to fine-
grained exist and porphyritic varieties also occur sparingly. The com-
position varies from a very acidic granite to basic granite; and locally
pegmatite and aplite dykes are numerous.

In the field work no outstanding characteristic of the granite of any
particular part of the map-area was noted whereby to subdivide the
granitic intrusives into groups for description and mapping. Some detailed
work was done on the granite of small areas with this in mind, but it was
soon found that all the lithological and structural features noted in the
area studied could be duplicated at almost any locality within the granite.
So far as could be determined all the granite cuts the Hayes River group.
Since at present the granites cannot be subdivided either lithologically
or structurally for description, it has been thought advisable to describe
bricfly the main features of the granite from the different parts of the area.

Granite North of Collins and Chapin Bays. In this locality the
majority of the granite outcrops are of a pink variety, and dark grey
varieties are only locally developed. The granite is massive except along
the north shore of Chapin bay near the east end, where 2 dark, gneissic
phase is developed. Pink pegmatite dykes and a few black diabase or
lamprophyre dykes cut the pink granite of this area. The abundant min-
eral of the pink granite is microcline, which in thin section occurs as
small and large, subangular grains showing the effects of pressure and
granulation, Quartz and albite-oligoclase are present in about equal pro-
portions; some microperthite and micropegmatite are also present; and
a few small flakes of brown biotite is the only ferromagnesian mineral.
The grey varieties of this granite contain abundant plagioclase ranging in
composition from oligoclase to andesine and always carries hornblende
in addition to green biotite. Also the dark basic varieties always contain
abundant small grains of magnetite, pyrite, and titanite, whereas, with
the exception of a few grains of titanite, these minerals are absent or only
very sparingly present in the pink granites. The study of thin sections
of the gneissic varieties shows the quartz and feldspar grains badly
granulated and the mica shreds with parallel orientation and frayed ends.
The gneiss structure was developed after the minerals had crystallized and
the rock consolidated.

Granite North and South of Mascinicap. In this part of the area
white and grey granite are the predominant types, and only a few outerops
of pink granite were noted. Inclusions of lava and quartz-biotite schist
are abundant locally and in such areas gneissic phases are developed. The
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masgive, grey granite is medium-grained and usually is slightly por-
phyritic. Both oligoclase and orthoclase feldspar are present and these
minerals are slightly kaolinized. Biotite and hornblende are represented
in all the thin sections examined, and wedge-shaped crystals of brownish
titanite are characteristic of this granite. The gneissic phases show abund-
ant microcline and micropegmatite, and the biotite and hornblende are in
part altered to chloritic material. The plagioclase of these granite-gneisses
ig largely altered to zoisite, white mica, calcite, and quartaz.

Granite from Along South Shore East of Isbister River. A character-
istic feature of many outcrops of the pink and grey granite just east of
Isbister river is the small, pale green coloured spots on its weathered
surface. A thin section from an outerop of this granite shows under the
microscope abundant small erystals and irregular shaped grains of epidote,
and the presence of this mineral in unusual quantity undoubtedly gives this
granite the spotty green appearance. Some of the epidote is believed to be
a primary constituent of this rock mass. The quartz of the light pink
granite is clear and shows undulatory extinction. The orthoclase and
oligoclase crystals are only slightly altered to kaolin and zoisite respec-
tively. Biotite is more abundant than hornblende and these minerals are
unaltered. The accessory minerals, besides the abundant epidote, are
titanite, leucoxene, zircon, and apatite. The white to grey granite is very
similar to the pink granite in mineral composition, except that in some thin
sections hornblende is more abundant and epidote is only sparingly pres-
ent. At many localities the foliated grey granite was seen to grade within
500 feet into massive, pink or grey granite. In this area black inelusions
are locally abundant and small dykes of aplite, pegmatite, and diabase cut
this granite.

Large areas of black, massive, medium to coarse-grained basic rock
were noted within the granite along a zone varying from 1 to 3 miles in
width and extending from Isbister river eastward to the east end of
Benson bay. These areas of basic rock appear to pass with gradational
contacts into the normal grey and pink granite. Inclusions of black lava
are generally abundant in the granite adjacent to such areas of basic rock,
and small dykes of pink aplite and medium-grained pegmatite cut the
basic rocks. A thin section of a specimen from an outerop of the black,
medium-grained basic rock on the west side of Isbister river just above
the segond portage from Island lake is interesting in that augite and hyper-
sthene are present. The feldspar is labradorite and is unaltered. The
augite is in part altered to uralite and the hypersthene is fresh. Some of
the augite is intergrown with the labradorite and biotite, giving the typical
poikilitic texture. Quartz is present in small, angular grains between the
labradorite and augite erystals, This rock is a hypersthene-bearing quartz
gabbro. Thin sections from other outcrops of basic rock to the east
do not carry hypersthene, but in these augite and hornblende are the
abundant ferromagnesian minerals and the feldspar is between andesine
and labradorite in composition. These areas of basic rock within the
granite are interpreted as early basic phases of the granitic magma, pos-
sibly in part due to local digestion of basic pre-granite rocks.
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A medium-grained quartz diorite is developed along the contact of the
granite and andesite south of the entrance to Sagawitchewan bay. This
rock weathers in a characteristic white and green mottled pattern, and in
the thin section studied a partly saussuritized plagioclase, near andesine,
forms a background in which is embedded frayed shreds of hornblende,
chloritic-looking material, small grains of quartz, caleite, epidote, and
titanite. The mineral grains are irregular in shape and orientation and
contain abundant small inclusions. The contact relations of this rock
with the granite are well exposed at the southeast corner of Island lake,
1} miles southeast of monument P 74, where the dioritic rock grades gradu-
ally into grey granite to the south. No sections were found showing the
relations of the quartz diorite with the andesite lava to the north. This
basic contact phase of the granite is interpreted as an hybrid type, result-
ing from the reaction of the granite magma on the andesite lava and
very probably formed in situ.

Granite East and Northeast of Island Lake. In this area granite
outcrops extensively and it is uniform in appearance over wide areas.
The grain is medium to coarse and the general colour light grey, although
pink and dark grey varieties occur locally. The thin sections studied
under the microscope show the plagioclase in the several specimens col-
lected to vary in composition from oligoclase-albite to oligoclase, and
orthoclase, microline, and microperthite are present. Biotite is the abund.
ant ferromagnesian mineral, although a few grains of hornblende are
always present. Few inclusions of older rocks are present in the granite
of this area and gneissic phases are developed only locally. Granite
outerops along the canoe route northeast from Duck and Angling lakes to
Red Sucker lake, a distance of about 20 miles. A large area of volcanic
and sedimentary strata similar lithologically to the Hayes River group, out-
crop north of this granite mass in the basin of Red Sucker lake.

Granite Between Cochrane Bay and Pickerel Narrows. The granite
of this area is massive and is typically grey in colour. The normal granite
is medium-grained and is only locally coarse-grained and slightly porphy-
ritic. Inclusions of the older rocks were noted only along the southern
border of this granite mass. Basic contact phases are developed along the
northern contact north of Garden Hill Indian reserve. Thin sections of the
typical granite from this area show the following minerals: quartz, ortho-
clase, oligoclase, microperthite, biotite, hornblende, and a little magnetite,
The edges of the feldspar crystals are granulated and the central area of a
few of the oligoclase crystals is altered to saussurite.

Granite on Red Sucker Lake. Granite and granite-gneiss outcrop
along the whole south shore of Red Sucker lake. The most widespread
type is a medium-grained, grey granite consisting of quartz, orthoclase,
oligoclase-albite, and green biotite. Locally a pinkish microcline-bearing
granite is present, also a few outcrops of dark grey basic granite or grano-
diorite. Small pegmatite and aplite dykes are locally abundant cutting
the granite. The granite intrudes the sediments and lavas outcropping
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along the north shore of the lake. Gneissic phases of the granite are not
‘widespread and no lit-par-lit gneiss or large areas of granite containing
inclusions of the older rocks were seen.

Structural Relations

~ As already stated wherever the relations of the granite to the Hayes
River group were determined definitely the granite is intrusive. The rela-
tions of the granite to the Island Lake series is unknown, but presumably
this series is also older than the granite. The abundant granite pebbles in
the conglomerate of both the Hayes River group and the Island Lake series
prove that granite was exposed in this area at the time of the deposition of
these sediments. A study of thin sections of this older granite, as repre-
sented in the pebbles of the conglomerate, show that they are an acidic
granite. The minerals are granulated and altered and the feldspars con-
tain abundant inclusions of quartz and biotite, a feature uncommon in the
thin sections of the younger.granite. These features of the minerals of the
granite from the pebbles may be of little use, however, in tracing them to
their original source, as it is very probable that during the folding of the,
thick conglomerate beds the granitic pebbles would be severely squeezed
and the minerals at this time would be granulated and in part recrystal-
lized. The local variation in the mineral content of the granites is inter-
preted as due to differences produced either by assimilation or by differen-
tiation. The basic contact phases described indicate assimilation at least
locally and the aplite and pegmatite dykes cutting the granite show dif-
ferentiation of the magma at a late stage. The only rocks of the area
known to be younger than the granite are the dykes of olivine diabase,
augite diabase, and fine-grained lamprophyre.

YOUNGER BASIC INTRUSIVES

" Occurrence and Age R N '

Numerous dykes of black, medium-grained diabase were noted cut-
ting the granite and the voleanics and sediments of the Hayes River group.
The largest of these dykes noted is the one outcropping about a mile east
of monument T 79. This dyke trends north 20 degrees east, varies from
50 to 500 feet in width, and was traced 7 miles along the stnke The out-
crops of this dyke form a low ridge and on the island one mile northeast
of monument T 79, the hill of black diabase is a prominent physiographic
feature. Smaller dykes of diabase occur in the granite north and east of
St. Theresa point, on the southwest side of Fleet point, and at a few locali-
ties along the shore west from the outlet of Island lake.

Lithological Character

The diabase is a massive, fine to medium-grained, black rock. The
surface of a few outcrops is weathered brownish. In thin section under
the microscope the minerals of the diabase are always fresh and by this
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feature the younger basic intrusives are easily distinguished from the older
gabbro and diorite wherein the minerals are always badly altered. The
thin sections consist of lath-shaped crystals of labradorite with the inter-
vening area filled with olivine, augite, and a few grains of magnetite. A
thin section from one of the smaller dykes contained no olivine, but
showed abundant augite and some green hornblende. These dykes are
similar in mineral composition and structural relations to the diabase dykes
and sills so abundant in sections of northern Ontario.

ECONOMIC GEOLOGY

Practically no prospecting has yet been undertaken in Island Lake
area, and no mineral deposits of commercial value are known. The pre-
ceding description of the geology of the area, however, indicates areas of
rocks similar to those wherein commercial mineral deposits have been dis-
covered elsewhere within the Canadian Shield, consequently the area is
one that should be prospected carefully. The bedrock is fairly well exposed
and this feature will facilitate greatly the work of prospectors.

An examination of the geological maps of the important mining camps
of Quebec, Ontario, and Manitoba shows that the gold and copper deposits
of these areas are within the lavas and sediments of pre-granite age—
Keewatin—and are connected in origin with intrusive rocks, in many cases
granitic in composition. An opinion is also growing that the large and
commercially valuable metalliferous deposits are associated with the
small, rather quickly cooled intrusive bodies, and rarely occur along the
contacts where erogion has gone deep, exposing great areas of granite. In
Island Lake area intrusive bodies of both the small and large types are
exposed and the Hayes River strata adjacent to the contacts with the
granitic rocks should first of all be carefully prospected. Small, lenticular
quartz veins were noted at many localities within shear zones in the vol-
canic members of the Hayes River group, and these quartz veins should
be carefully examined to determine if they are gold-bearing. Some of the
shear zones are mineralized with pyrite and chalcopyrite, but not in com-
mercial quantities at the localities noted by the writer. The area that
may contain valuable mineral deposits is a large one, and a great deal of
intensive systematic prospecting will have to be done before the mineral
possibilities of this district can be evaluated.
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DEEP BORINGS IN THE PRAIRIE PROVINCES AND NORTH
WEST TERRITORIES

By E. D. Ingall

The Borings Division of the Geological Survey accumulates and studies
records of borings made in any part of Canada, in order that the geological
information thus rendered available may be utilized for the guidance of
operators, and in geological research. The control of boring operations in
the Prairie Provinces and the Northwest Territories is vested in the North
West Territories and Yukon Branch of the Department of the Interior,
which has legal power to enforce regulations and to collect well logs and
samples from borings for gas or oil on lands controlled by the Federal
Government. These samples are subsequently forwarded to the Borings
Division, Geological Survey, for intensive study, chiefly with a view to
obtaining more detailed knowledge of the geology in depth. Information
is also gained directly from operators drilling for water supplies, etc.

The list given (Table I) presents in tabular form particulars of the
records of borings in the Prairie Provinces added to the files of the Borings
Division during 1927. Where need arose and time permitted, the series of
cuttings from certain wells were intensively studied by laboratory methods
and the results placed at the disposal of operators and geologists.
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A total of 12,6567 samples were received during the year from 101
borings.

As in past years, all the records received have been added to the
systematic files of the Borings Division and form the basis of its activities
in providing operators and other inquirers with information and reports
on geological conditions probably to be encountered in boring in various
districts. In every case great care is taken to safeguard private interests
where information is requested that might be regarded as confidentially
given. In these cases the sanction of the owner of the borings is asked
or the inquirer is requested to communicate directly with those interested.

Apart from the efforts made to collect samples and all available data
relating to deep borings for gas and oil, efforts are made to get in toueh
with drillers who are engaged in the business of boring for water supplies.
Thanks to the courtesy of some of the larger firms, whose names are
given in the tabulated statement, records from thirty-nine shallow wells
were added to the files of the division. Sets of samples were also re-
ceived from eighteen of these wells illustrative of the surface deposits
penetrated and of the underlying bedrock where reached.

Considerable difficulty has always been encountered in this line of
investigation as most of such borings are made by drillers operating
locally, with whom it is difficult to get in touch and to maintain relation-
ships. The solution of this problem may be arrived at by inaugurating
in Canada a movement recently introduced in some of the states of the
United States of America in which drillers’ associations have been formed.
Annual conventions are held at which problems of interest to drillers are
discussed and where the members of the association can become familiar
with the offerings of the manufacturers of drilling machinery exhibited by
the manufacturers. The Borings Division of the Geological Survey could
then perform more effectually its function of providing a central “ clearing
house ” for well records and for their correlation and interpretation, and
the utilization of the aggregate results for the guidance of future operations
and in meeting the constant public demand for information.

The question of water supplies in the Prairie Provinces is a most
difficult and important one and becomes more so as these provinces be-
come more closely settled. The water required must, of course, be pure
enough for domestic use and free enough from dissolved mineral salts to
fit it for irrigation purposes and avoid the detrimental effect of accumu-
lation of mineral salts in the soils when thus used. The water encountered
in deep borings into the underlying rock formations is so frequently
highly mineralized that the accumulations of rain water in the porous
portions (gravels and sands) of the surface deposits has to be looked to
in many districts. These, being in their nature very irregular in their
distribution, the problem becomes one of making intensive local studies on
the ground and the data it has been so far found possible for the division to
acquire by correspondence are too scattered to give anything but general
conclusions.

The following report of work done in the laboratory under his super-
vision is submitted by Mr. D. C. Maddox.
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LABORATORY REPORT

As a result of the recent great development of the oil and gas industry
in the Prairie Provinces the great bulk of the samples received and
examined by the Borings Division came from wells drilled in this area.
During the year more than 7,000 samples were examined.

During 1927 the work of collecting foraminifera from cuttings fro«m
borings in the Cretaceous shales of the western provinces was chiefly
done by Mr. R. T. D. Wickenden, a summer student temporarily attached
to the Borings Division. .Mr. Wickenden .is specializing on work of this
nature and on his return to Harvard University he undertook the study
of these forms under Dr. J. A. Cushman. It is hoped that this work will
ultimately prove to be of great assistance in recognizing various geological
horizons.

During 1927 a study was commenced by F. J. Fraser of the heavy
minerals characterizing the strata. One hundred and twenty-three slides
were prepared. Few of the slides have been studied in detail but from the
results of examination now in process, many interesting points are evolv-
ing. In the case of Turner Valley material, the slides already made
represent mainly Benton shale residues, characterized by apatite, tour-
maline, and zircon, with perhaps a more limited range of spherical and
octahedral pvrite. Blairmore residues so far examined show garnet, and
work in the near future should conform and limit the range of this mineral
in pre-Benton strata. A few post-Benton residues have been separated
and examined, and these invariably contain a much greater variety of
minerals than the older beds. Epidote, garnet, and perhaps andalusite
have been noted. : :
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OTHER FIELD WORK

Geological

E. M. Kinpre. Mr. Kindle geologically studied an area in the vicinity
of Jasper park, Alberta.

B. R. MacKay. Mr. MacKay made a detailed geological examina-
tion of the Br{ilé Mines coal field.

W. A, JounstoN. Mr. Johnston geologically mapped the surface de-
posits of the areas covered by the Emerson, Virden, Turtle Mountain, and
the greater part of the Winnipeg, sectional maps, southern Manitoba and
southeastern Saskatchewan.

E. M. BurwasH. Mr. Burwash studied the geology in the vicinity
of Cold lake, Manitoba.

C. H. StocewerL. Mr. Stockwell concluded an investigation of the
lithia-bearing pegmatites and associated rocks of southeastern Manitoba
and adjacent parts of Ontario. A memoir and a geological map are being
prepared for publication.

Topographical
D. A. Niceors. Mr. Nichols completed the topographical survey of

the east half of the Jumping Pound map-area, Alberta, and extended this
mapping northwestward.

J. W. Spence. Mr. Spence completed the topographical survey of
Turner Valley map-area and mapped part of Bragg Creek map-area,
Alberta.
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