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Hox. J. L. Cors, M P.D.
Provincial Secvetary,
Edmonton, Alberta.

Sir,—I beg to submit hervewith the Second Annunal Report on
the Mineral Resources of Alberta. ‘

The report contains the results of field investigation during
the summer of 1920, and also additional information on ecertain
minerals ocewrring in Alberta, which is not included in the first
annual report. ‘

Special consideration has been given to the oceurrence of rock
salt, disecovered in 1920, in the well drilled by the Provinecial Gov-
ernment at Fort MeMurray for the purpose of determining the
presence or absence of salt. Al geological data obtained up to
“the present time, from the salt well core which is now at the Uni-
versity, are included and “iscussed.

Details are given on the petroleum development within the Prov-
inece during the past vear, and all available imformation on the
recent discovery of oil at Fort Norman is included.

An outline map of Alberta is added to the report, on which
the location of some of the mineral deposits is shown. A columnar
- seetion of the salt well is also ineluded, as the discovery of rock salt
is of great economic importance to Western Canada.

All of which is respectfully submitted.
Yours truly,

JOHN A. ALLAN.

Urniversity of Alberta,
Edmonton, February 22, 1921,
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SECOND ANNUAL REPORT

Mineral Resources of Alberta 1920
BY

JOHN A. ALLAN

INTRODUCTION

The mineval resources of Alberta were described in a prelimin-
ary manner in the first geological report, published by the Provineial
Legislative Assembly in 1919, The occurrences, determined extent,
and available data already published on various minerals in the
province were referred to and summarized.

In 1920 nearly five months were given to investigations in the
field. Two months were spent in the northern part of the province.
During this time the salt well was visited at MeMurray, and the
drilling records were examined and correlated.  The bituminous
sands formationg in the MecMurray distriet were studied, and all of
the exposures of bituminous sand were mapped down the Athabaseca
river. The geological section was continued to the northern bound-
ary of the provinee on the 60th parallel of latitude, elose to Fort
Smith. . -

A survey was made of the salt spring deposits twenty-five miles
west of Fort HSmith,  These springs occur in both Alberta and the
Northwest Tervitory.

A reconnaiss

ance survey was rmade of the undeveloped Kootenay
coal basin near the headwaters of the IHighwood and Sheep rivers,
where considerable prospecting has been carried out by H. A. Ford
und his assoeciztes” in the IHighwood valley, and by P. Burns Coal
Miming Company in the valley of Sheep river.

A general survey was also made of the coal measures along the
Alberta Coal branch and ihe Brazeau, but the geology is complex,
and considerable time iz required to determine the structure of the
measures in detail.  The age of the coal seams along the coal braneh
has not yet been determined.
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A recently discovered tale deposit west of Banff was visited.

The occurrences of other minerals visited include sodium sul-
phate lakes, iron shales, paint shales and ochre. No attempt was
made to do detailed work on the extensive clay resources within the
provinee, but deposits of bentonite and clay shales with excellent
burning properties were located, and attention will be given to these
deposits later.

Tests were made from the material collected during the field
season., Seventy-two analyses have been made by 4. A. Kelso,
Director of the Industrial Laboratories at the University of Alberta.
Although the results of these analyses are included in the body of
vhe report, they are grouped together in an appendix.

During the past year an exhibit has been prepared of minerals
snd clay produets vepresentative of the resources of Alberta These
“are in a room at the University of Alberta set aside for this purpose,
and the exhibit will be added to from time to time. ‘

The complete core of the salt well, weighing about five tons, has
been transferrved to the University of Alberta. I have classified,
arranged, and labelled the core in such a way that any portion of
it can be examined without handling. A log has been compiled in
a chart on a scale of eighty feet to one foot. Credit is due Mr. Wm.
Pickles, in charge of drilling operations, for the care taken in pre-
serving and preparing the rock core for shipment.

In the field work I was ably assisted by Ralph L. Rutherford,
who was partly responsible for data collected. Miss Grace A.
Stewart again acted efficiently as assistant in the office compiling
Jata from various sourees. Miss Stewart spent about two weeks in
{ield work on glacial deposits and physiographical problems.b Draft-
ing of charts and sections of the salt well and the outline map of
Alberta included in this report was creditably executed by J. 0. G.
Sanderson at the University. The writer was also assisted in the
preparation of this report by P. S. Warren, paleontologist, and by
Miss Vera Lee, both in the department of Geology at the University
of Alberta.

Acknowledgments are due Mr.- G. Card, Indian Agent at Fort
Smith, Messrs. 8. B. Slipper, H. A. Ford, and P. Burns of Calgary,
the operators and mine officials on the Alberta Coal branch, and
‘various other individuals, for assistance and information relative
to the preparation of this report.

During the year 468 letters were dealt with relating to different
phases of the mineral resources of Alberta.



The -following table shows the mineral productic: for the last three years
tion for 1920 is due to the increased production of coal. However, it is important to note that clay produets show

4 marked increase over 1919.

The marked increase in the produe-

MINERAL PRODUCTION OF ALBERTA, 1[918-1920.

Gald, allyvial ......... .. .. 0. o O,
Coal ... .. e Tons
Natural Gas ..................... M eo. £t
Petroleum ... .. s Brl.
Hay Produets ... o
LI e Bush.
Sand-lime Briek ... ... L No.
0TI, Lt e e e e
Other Produets ... o o o
OTAL e

1918 1919
Quantity Valne Quantity Value Quantity Value
27 3 558 24 % 500
5,972,816 20,537,287 4,964,585 18,204,495 6,008,923 $30,230,172
6,318,389 1,358,638 8,230,838 | 1,365,127 5,972,818 20,557,287
13,040 100,004 16,437 97,841 11,718 75,295
...... 381,074 R 571,949 R 821,430
80,408 44,741 109,067 41,276 | ... ..
600,000 6,600 729,000 10,206 . ... 0 Lo
...... 569 3,189
...... 681,116 e 702,999 . 1,491,217
...... $23,109,987 ceee.. | $21,087,582 R $33,904’,601

B

LU0dRY TIVANNY aNooIg

1t
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BITUMINOUS SANDS

DISTRIBUTION

In the vieinity of Fort Mc¢Murray, 300 miles north of Edmonton
there is an extensive deposit of bituminous sands, more popularly
known as the ‘““tar sands.”” The bituminous sand formation out-
cerops along the sides of the Athabasca valley for a distanee of nearly
one hundred miles north of Fort MecMurray down stream, and for a
distance of forty miles in a straight line up the valley of the Atha-
basca from Fort MeMurray. There are numerous exposures of this
formation along the rivers and streams which enter the Athabasca,
These exposures prove the lateral distribution of the bitaminous
sands,  As the formations rise gently towards the north the expo-
sures of bituminous sands disappear above the sides of the Athabasea
valley or have been eroded away or covered. with glacial drift,
between the 25th and 26th base lines, about 100 miles by river and
65 miles in a direct line noith of MeMurray. The areal distribution
of the bituminous sands is much more extensive than the ounterops
would indicate.

Wells that have been drilled for oil and gas up the Athabasea,
south of MeMurray, for 150 miles, and also in the Peace River valley
over 200 miles west of MeMurray, have proven the extent of the
bitumineus sand formation.

At MeMurray the base of this formation is exposed about fifteen
feet above the low water level in the river. At the junection of House
river and the Athabasea, about sixty miles southwest from Me-
Murray, a weil was drilled by the Great Northern Asphalt and Oil
Company to a depth of 295 feet, but the bituminous sand horizon was
not reaeﬁed, and the well was still in the Clearwater shales that
overlie the bituminous sands. Above Pelican Rapids and the mouth
of Pelican river, thirvty miles south of House river, a well was drilled
by the Geologieal Survey in 1897 98, in township 78, range 18, west
of the 4th meridian The hituminous sands were reached at a depth
of 750 feet below the surface. Drilling ceased at a depth of 837 feet,
when a strong flow of gas under ferrific pressure was encountered.
Natural gas has been flowing out of the well into the air since that
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date, and it is reported that the pressure has not been greatly
decreased although the flow has continued for twenty-four years.

The well record, which is given below, indicates a thickness of
eighty-seven feet of bituminous sand, but the bottom of the formation
was not reached. The log of this well is as follows:*

LOG, PELICAN RAPIDS

Thickness |Depth from

Probab'le Material in feet “Surface
Formation in feet
Sand and Gravel ........ ... ... . .. 86 86
Shale, very soft, dark bluish ........... 15 101
Pelican |Saundstone, soft ........ ... ... ... ... 4 105
Shale Shale, very soft, dark bluish. At 183 feet
: slightly saline water ............... 80 185
Shale, rather hard, reddish brown ...... 40 225
Bandstone. At 225 feet water 9 234
Sandstone and brown shale ............ 11 245
Shale, hard, grey. At 253 feet more water
and gas ... e 8 253
Shale, light greenish-grey .............. 27 280
Shale, soft, greenish-grey, cement-like 10 290
Shale, brown, with strata of grey shale .. 18 308
y Shale, brown . ....... .. ool 2 310
&mfld S;mdétone, hard. More gas and water .. i 311
Rapids  |Shgle, hrown, and sandstone in alternate
Sand- SErata .. e 17 328
stopes |Sandstone ... i i e, 12 340
Shale, brown ... .. .o i i 3 353
Saud rock, hard, with layers of softer rock
(At 355 feet struck maltha and gas) 12 365
Sandstone, rather hard ............ ... 45 410 .
Shale, brown ................ U . 40 450
Sandstone. More gas and water ......... 15 465
Shale, grey ....... ... il 61 526
[rongtome ..o e 6 532
Shale, grey ... i 21 553
Sandstone ......... ... ... O 3 556
Very hard, probably ironstone .......... 2 558
Sandstone, very hard "............. e 5 563
Clearwater [Shale, brown ... ... .ol 10 573
Shales Shale, grey, streaks of sandstone ....... 17 590
Shale, grey, brown shale and sandstone in
alternating strata; the cuttings suow
traces of maltha ........... ... ... 30 620
Shale, grey, strong flow of gas at 623 ft.;
considerable maltha coming away with
the water .. ... it e 5 625
Sandstone, very hard ................... 18 643
Shale, soft grey ....... ... ... ... 5 648

*‘Ggol.

Surv,, Can,, Memoir 116, 1819, p. 81.
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L()G‘r, PELICAN RAPIDS (Continued)

|
Thickness |Depth from

Probable Material in feet ‘ Surface
Termation ' in feet
|
|
Sandstone, havd ..o oo o oL 4 E
Shale, goft, grey, sandy ................ 3 |
Lronstone .......... ... .. ... 10 i
Shale, soft, grey 4 9 !
Clearwater |Dandstone, hard i1 i
Shales rjh{zle, fc:i;f, (',Imjk gr .L?z i
. Shale, soft, grey, sandy 5 |
(Continued)|gandetone, har 10 |
Sandstone, hard . 5 i
Sandstone ... o o e 10 ‘
Rhale, soft grey ....... ... ... ... N 10 '
Shale, soft, greyv, with streaks of -soft
sandstone. Strong flow of gas at 750
teet, A heavy oil mixed all through !
the sandstone and shale ... ....... 7 | 750

Shale, soft, dark grey, and soft sandstone.
Heavy oil throughout. At 773 feet a

l
heavier flow of gas .. .............. 31 " 781
Alternate strata of soft grey shale and |
’ soft sandstone. Increased quantities of]. }
heavy petvoleum. Gas in volume . ... 19 800
Tar Same as foregoing. At 820 feet a tvemen- i
Sands . dou}s flow of-gas of which the roar ‘ {
v could bhe heard three miles or more ... 20 ! 820
(McMurray |4andstone, soft, Hard streak, and light g
Sandg) flow of gas at 830 feet .. ... ... .. 10 : 830
Sandstone, soft ... oo 6 : 836
Iron pyrites nodules embedded in cement-f . '{
like sandstone. Very strong flow of gas 1 | 837
: |

Another well was drilled by the Pelican Oil and Gas Company,
four miles south of the Geological Survey well, in township 78, range
17, west of the 4th meridian  This well was drilled to a depth of
2,069 feet, and the log indicates that the upper Devonian limestones
were reached at 903 feet. Dowling” has classitied this well record
and shows the bituminous vand formation, now called the McMurray
sandstone, to include the sirata between 84314 and 898 feet. a thick-
ness of 5414 feet.

In Peace River valley, 200 miles west of Fort McMurray, the
records of some of the wells drilled for oil seem to indicate that the
MeMurray formation (bituminous sand) is reached between 900 and
1,000 feet below the surface. Dowlingt shows that in the log of well

*Geol. Burv. Can., Memoir 116, 1919, p. 80,
tGeol. Surv., Can., Memoir 116, 1919, p. 84
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No. 1 drilled by the Peace River Qil Company, in township 85, range
21, west of the 5th meridian, the MecMurray formation extends from
980 to 1,107 feet, which is the bottom of the well. The log of well
No. 2 drilled by the same company about 114 miles south of No. 1,
to a depth of 1,057 feet, is quoted by F. H. MeLearn.*

~The Peace River and Athabasca sections have been studied and
correlated by MeLearn on paleontologieal evidences. He states on
page 15 C that the thick sandstone near the bottom of this well may
be correlated with the ““tar sands of the Athabasca at the same
horizon.”’

Oil seepages in Wabiskaw Lake distriet, about midway between
the Athabasca south of McMurray and the Peace, are believed to be
derived Trom the underlying bituminous sands. All of this evidence
indicates the wide distribution of the sands which are so well ex-
posed ou the Athabasca.

The exact areal distribution of the bituminous sand formation
can only be estimated, but from the extent of the outerops and other
indications, 1t is reasonable to estimate that between ten and fifteen
thousand square miles are underlain by this formation.

AGE OF THE BITUMINOUS SANDS

The bituminous sdinds form the basal member in the lower
Cretaceous series as it is known to oceur in the McMurray distriet.
MeLiearn has named this member the “MeMurray formation,”” be-
cause the term bituminous sand will only apply to the formation
where it outerops and where the lighter oils have escaped at the
exposures. , Meliearn correlates this formation with the lower part
of the Loon River shales, and states that they represent the non-
marine phase of the Licon River series, which is marine. His correla-
tion of the Athabasca and Peace River sections is given in the follow-
ing table:t

*Geéol. Burv, Can,, Sum, Rept., 1917, part O, p. 20.
tGeol. Surv., Can., Sum. Rept., 1918, Part C, p. 2.

»
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System Group Smoky-Peace Section - |Athabasca Section
Wapiti
Montana
Upper Shale
Bad Heart |g) o5 River Biche
Sandstone |” ST La Biche
Liower
Shale
Upper
Cretaceous Colorado Dunvegan Pelican Sandstone
, ;
St John Pelican Shale
Upper
Sandstone
Lower Middle Shale {Peace River Grand Rapids
Cretaceous Lower I
™ Cretaceous Lower
Sandstone
' . Clearwater
Loon River
MeMurray
(tar sands)

Paleozoic Limestone Series

Along the Athabasca river below MeMurray the bituminous
sands are undeviain by greyish weathering shaly limestone of Upper
Devonian age. The contact between the Devonian limestone and the
lowest Cretaccous sandstove saturated with bitumen appears to be
a comformable one. Ther- is. however, a broad time break between
these two formations and the contact therefore represents a dis-
conformity.

All of the outerops of limestone and sandstone exposed along
the Athabasea betweén Me¥Murray and Athabasca lake were mapped
during the swmmer of 1920 but as many of the outcrops are very
small no attempt has been made to indicate them on Plate I whieh
aceompanies this report. The outerops of limestone along the river
show low folds and numerous rolls of minor importance, but the
overlving bituminous sands appear to he quite regular in position.

CHARACUTER AND COMPOSITION OF BITUMINOUS
SANDS

In the First Annual Report for 1919 the general character and
vomposition of the bituminous sands are given.”

;Allan, J. AN., First Axnn. Rept, 1919, Min, Resources of Alberta.,”pp‘ 83{3,
Bdmeonton. ‘
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The bituminous sand formation is an ordinary light grev fo
white sandstone, more o6r less completely saturated with bitumen
The beds vary in color in the outerops from black to light grey.
The color depends upon the percentage of saturation in the sand
and distance from the surface.

The thickness of the bituminous formation varies in different
localities to a maximum of 225 feet. Toward the north and east from
MeMurray the formation has been completely denuded by glacial
action.

In some beds the percentage of bitumen is so small that the
gand grains are only coafed with bitumen. In other beds in the
same exposure the sandstone iy supersaturated with bitumen, so that
when heated by the sun the bitumen with the loose sand oozes down
the surface of the exposed bed.

The textnre of the sandstone in various sirata throughout a
single exposure varies considerably from a coarse grit in which
thirty per cent of the sand will pass a 10-mesh sereen to an extreme-
Iy fine silt, of which over eighty per cent will pass through a 200-
mesh sereen. A table whieh shows the texture of several samples
collected by 5, €. Ells of the Mines Branech, Ottawa, 1s given in the
First Annual Report, page 9 A wide range In texture can be seen
in almost any exposure ol the bituminous sand. This faet is illus-
trated in the fotlowing table of sereening tests made on samples
taken close together:

Percentage of Sand
Passing Mesh Bitumen

Tocality of Quterops oo
I Per Cent.

1 ‘
)10120(30[40‘50[30‘100 200

! ! i ]5
I | !
1. Athabasen, cast side 40 miles below Pl i f }
MeMuvray ... . 27/33115] 7} 8] 1] 5 | B 5
2, Bame eXPOSUre . ..o D21 3] 2] 348{11 26; 4 20
3. Athabasca, east side 12 miles north of] [
A celee i 39 B4 24 17
4 Athabasca west side, 16 miles north of [ .
MeMurray ..., ' el L 4TI 339 12
5. Horse Creek ... .o i it Poleaea 2136011 270 4 9
6. Horse Creek, same exposure ......... ..[..|..]..[11 5} T 17
7. Hangingstone Creck ................ L0 2] 4 91511 99 22 3 15
8. Clearwater Tiiver ....... e [oo0 4] 70 9149 14 14! 4 14
I N

This marked variation in the size of sand grains is charaecteristie
of almost every exposed section of the bitnminous sand. This varia-
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tion in texture must be considered in any process nused for the
extraction of bitumen from the sand grains,

The bituwmen content in the sand also varies considerably in the
different beds. In general the beds in the lower part of the forma-
tion are richer in bitumen thau the higher beds, but this is not
always the case. In several exposures examined on Horse creek and
Hangingstone ereek the richest beds exposed oceur between twenty-
five and fifty feet above the base of the formation.

Tests made on individual samples from various beds show that
the sand contains from twelve to twenty per cent bitumen., Care-
fully selected specimens have tested twenty-two per cent bitumen.
The average hWitumen content of the sand is between I[ifteen and
eighteen per cent. The sgecific gravity of the saturated sand is
175 to 1.80. There are, however, bands of hard nodular and ferru-
ginous sandstone in many of the exposures, which contain little or
no bitumen.  Specimens collected from these bands have a specifie
gravity of 25 and 3.7. These bands are of no commercial value.

About five tons of sands were collected frow an exposure on
Hangingstone ereek and brought to the University for experimental
purposes. One cubic foot of this sand weighs 120 pounds and the
bitumen eontent is about 17.5 per cent.

A sample from an exposure on Horse creek gave the following
analysis: :

Bitumen contfent ................ 15.2 per cent
Sand .......... . oL 84.5 per cent
Moisture ....... e 0.3 per cent

Elis* gives an analysis from a sample of saturated sand eollected
from an exposure on the east bank of the Athabasea just north of
the mouth of Horse creek:

Bitumen soluble in carbon bisulphide 18.5 per cent

Sand ... 80.2 per cent
Moisture ...... ... oL 1.3 per cent

, When the bitumen has been extracted the remaining sand con-
sists almost entirely of white and eolorless angular and irregularly
rounded quariz grains Various analyses of the sand show that the
gilica content ranges from ninety:three to ninety-nine per cent. The
sand has not vet been tested for glass-making, but the impurities
are so low that there are possibilities of utilizing the sand when a
ecommereial process is found for extracting the bitumen.

*Mines Branch Can., No. 281, 1814, p. 75,
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EXTRACTION OF BITUMEN

The real problem in connection with the bituminons sands iz
one of treatment. Some process is neeessary which will extract the
bitumen from the sand on a commercial seale. Various laboratory
processes arve known which will sucecessfully recover the bitumen,
but up to the present time no process has heen proven to have com--
mereial possibilities which will extraet the bitumen.

When a bloek of bitwminous sand rock is subjected to heat the
masg will soon become plastic and with further heating will flow.
readily, but the sand will flow with the oil, as there is no coherent
material in the rock other than the bitumen.

By heating a fragment of the saturated sand in an open con-
tainer, gas is liberated until all of the bitumen has been driven off
and only loose white sand remains,

By heating a guantitv in a closed container gas is liberated
which may be eondensed to a crude oil, The residue is a coke-like
mass consisting of sand grains held together by a filament of bitu-
men residue, which remains firmly aftached to the sides of the
container,

Various tests of this kind have been made at the University and
elsewhere, A test made by the writer while in the field gave over
eight fluid onnces of oil frem four pounds of the satnrated sand. The
oil was analvzed by J. A, Kelso in the Industrial Laboratory at the
University of Alberta Kelso reports as follows:

Per Speeific
Original Sample— Clent Gravity
Water Dy vorame ... e 3.2
Sediment, tarey vesidue ... . D
Ol Dy volume L. e e 96.3  19.5 Beaume
Degrees Per
Distillation of Of— Cent, Clent.
First dvop oo oo 70
I 86 1.0
O 2.0
100 2.6
Tirst fraction ... o110 K3
120 6
130 1.0
140 .6
150 1.3—9.7 %  51.5 Beaums
160 1.8
170 1.0
1860 §
Second fraetion ............ 190 .6
1 200 1.0
210 1.0
220 1.6

230 2.0—017 565 Beaume
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" 240 1.3
Third fraction .............. 1250 2.0
| 260 1.6-—49 %  25.0 Beaume
. 270 3.0
Fourth fraction ............ ’280 2.0
{ 290 3.0
L300 53—13.3 % 240 Beanme
CWifth fraction ... 385 18.6—18.6 # 23.0 Beaume
Sixth fraetion .............. 350 14.0—14.0 2 18.5 Beaume
Seventh fraction ............ 380 23.0-—23.0% 15.5 Beaume’
Residue and loss ............. 7.4 Tk
The above analysis indicates commereially :
Commereial gasoline ........... 9.7 per cent
Hluminating oils  ........ ... ... 27.3 per cenf
Light lubricants .. .............. 32,6 per cent
Medium lubricants .. ........... 23.0 per cent

This sample was taken from the surface of the outerops from
which the lighter oils have esecaped, but a higher percentage of the
lighter produsts can be expected in the sands at some distanee from
the exposure ' '

Many other tests have been made on the bitumen content, which
gave results ranging from fifteen to forty Imperial gallons of erude
oil per ton of sand.  The oil has an asphalt base only.

"Considering the extent of the saturated sands, and the yuantity
of oil in a ton of sand, which weighs about 120 pounds per cubic
foot, this deposit is worthy of extensive investigation as the possi-
bilities are unlimited. A simple calculation based on the distribu-
tion of the exposures shows that there are at least 189 cubic miles of
bituminous sands, but only an extremely small percentage of this
mass could ever be utilized The workable portion of the formation
1s defined by the thickness of the overburden, so that the actual area
of bituminous sand which ean be utilized is extremely small in com-
parison to the quantity in the deposit. Hven if only a small acreage
ean ever be utilized, and a fair perecentage of the bitumen content
extracted, the quantity of oil in the deposit would be an important-
factor in maintaining the petroleum supply of the world.

Samples of this sand are being tested  in several laboratories
throughout Canada, the United States, and the British Isles. The
ehances are favorable for the discovery at an early date of a com-
mercial process for the extraction of the oil. It is, however, the
case that a successful laboratory process might not be a practicable
field process. The oil can be extracted in a laboratory by heat
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treatment produeing destruetive distillation, as deseribed on a pre-
seding page, and also by the use of steam, hot water, or various other
solvents, but none are yet known to be adaptable to the bituminous
sand on a practieal scale in the field.

Research on the utilization of the bituminous sands is being econ-
ducted by Dr. K. A. Clark in the Industrial Research Department
at the University of Alberta Thiz investigation is promisging of
results of a practieal type.

Experiments were conducted in the field in 1920 by Mr. D.
Diver of Calgary with an eleeiric heater which he designed. This
heater was inserted into the bituminous sand in situ and a quantity
of gas was liberated and condensed. The oil obtained by this process
was analyzed by J. A, Kelso with the following results:

Per Specific
Original SBample—- Cent Gravity
Water by volume ... ... ... ool 5.9
Sediment, efc. ... . . i i 4.3
Oil by woluIe ..., (vt i 89.9  27.0 Beaume
» Degrees Per
Distillation of O:i— Cent. Cent
Pirgt drvop ..ol 150
) 170 0.5
180 0.5
. 160 0.5
First fraction .............. Poppg - 1.7
210 1.2
220 3.0
L 230 5.0°-12.44 34 Beaume
240 6.2
Seeond Traction ............ | 250 11.7
‘ {260 12.0—29.9 % 30.0 Beaume
~270 12.0
Third fraction ............. f 280 12,0
: 1 290 12.0
( 300 8.5—44.5% 26.0 Beaume
Fourth fraction ......... ..... 325 85— 8.5% 23.0 Beaume
Carbon residue and loss ....... 47— 4.7 %
The above analysis indieates eommercially .
Tuminating oils .. ... ..o, 86.8 per cent
ight lubricants ... ............. 8.5 per cent
Gasoline ....... . ... ..co.o.. 0.0 per cent

The analyvsis shows that only a fraction of the lighter oil in
the bitumen was driven off by this process. No attempt was made
‘at determining the cost of produecing the heat by the proeess. It
wuas an interesting experiment, and it is the intention of those inter-
.ested to try out another type of heater during the current year.
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The economie problem on this deposit is ene of freatment and
extraction of the bitumen, and not one of trangportation. During
1921 it is contemplated to extend the Alberta Great Waterways rail-
way into MeMurray. This will make the deposits quite accessible.

in July, 1920, the Federal Government by Order in Couneil No.
1495, “‘“withdrew from sale, settlement or disposal for any purpose
both in respeet of the surface and the mining rights,”” all iands not
already leased which contain workable deposits of bituminous sand.
According to the records in the Dominion Land office in Ednionton,
sinee this regulation was made, the Dominion Government has leased
considerable acreage in small parcels to one General Wm. Lindsay
and his associntes, who elaim to have discovered a commercial pro-
cess for the extraction of the bitumen. These small parcels include
many of the workable outerops along the Athabasca and its
tributaries. S«
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SECOND ANNUAL REPORT

BUILDING STONE

A few notes on building stone are added in this report to those
given in the first annual report, page 13. This does not mean that
it is not important to have the sources of building stone fully
deseribed; but during the season of 1921 time did not permit to econ-
sider these deposits. According to the statistics on the mineral pro-
duetion of Alberta published by the Mines Branch, Oftawa,— the prov-
inee in 1919 produced stone to the value of only $3,189.00. This small
use of building stone is explained by the fact that building opera-
tions throughout the province were almost at a standstill for a few
vears. The value of this produet for 1920 will be represented by a
much larger figure. The table on page 11 shows a value of $1,491,217
for stone, lime and cement products for 1920.

CASTOR SANDSTONE

The area n the vieinity of Castor, from which sandstones have
been guarried for building purposes, was examined and reported on
by R. L. Rutherford. A few notes are here given on that distriet.
May 23rd to 25th inclusive was spent looking over the section ex-
posed in the vicinity of Castor, for the purpese of determining the
quality of the sandstones quarried for building purposes, and the
relation of thiz sandstone to the stratigraphic column. Exposures of
sandstone oceur. along the banks of Beaverdam ereek from its head-
waters north to where it makes a sharp turn to the east in seection
28, township 38, range 14, west of the fourth meridian. Beyond this
point to the east there are practically no exposures along the valley
for a distance of over eight miles where.the survey stopped.

The first exposure of sandstone was seen near the headwaters
of the stream in southeast quarter section 24, township 37, range 14,
west of the fourth meridian. Towards Castor the valley deepens,
a greater thickness of sandstone is exposed and a coal seam appears
above the sandstone. Several prospect tunnels have been made on
the coal immediately above the sandstone in sections 13 and 23, but
these have been abandoned for some time. The tuunels are partially
filled with surface gravel and soils. The sandstone is lying in a
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horizontal position and the following seetion is esposed in section
26, township 37, range 14, west of the 4th meridian:

10 feet surface soil and gravel.

5 feet coal and shaly sandstone.

5 feet poor dirty coal.

10 feet well jointed sandstone underlain by earbon-
aceous shale.

The sandstone quarries are situated about 200 yards north of
the Canadian Pacific bridge across Beaverdam ecreek in a small
tributary ravine. The sandstone is light yellowish in color, massive ’
bedded, well jointed, but soft in texture and with considerable clay
in the cement In several seetions examined north of Castor the beds
belong to the lower part of the Edmonton formation, as the under-
Iving marine shale of the Bearpaw occur a few miles east of Castor.

The sandstone from the quarries at Castor has bheen used in
several of the local buildings, two of which are Castor Publie School,
erected in 1910, and the Merchants Bank building. Of these two the
stone in the latter presents a much better appearance. In the
public sehool huilding the corners are left with an unfinished surface,
that is, the jointing plane of the rocks is the face. These jointing
planes have become rusty or iron-stained so that the surface of the
stone has a dirty dark appearance. These iron-stains are present
aven on the stone with smoothed surface, so that the exterior has
a smeared avpearance. The stenes used as supports across the
windows seem to have been too weak to hold the weight, as many
bave cracked  Aunother difficulty with this stoune. for building
purposes zeems to pregent itself in the setting, as the mortar does
not grip the stone, and after drying fally out readily. This fault
is due to the lact that the vock is so porous that it extraets moisture
from the moviar before it has time to set, thuy leaving a powder
hetween the blocks instead of a gripping cement.

In the Merchants Bank building there seems to have been greater
selection in wung this building stone, and also more cutting and
polishing of the blocks before they were placed in the building. This
gives a mueh better appearance, although the true nature of this
stone for buildirig purpose is best seen in the publie sehool. )
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CLAYS AND CLAY PRODUCTS

No attempt will be made in this report to deseribe systematically
occurrences or uses to which Alberta clays are adapted. The origin
and oceurrence of clays were deseribed in a general way in the
First Annual Report,” and a few notes are here added on certain
distriets.

In the First Annual Repoft, page 44, mention was made of
sertain companies producing clay products which are situated within
the town of Medicine Hat. At Redeliff, nine miles west of Medicine
Hat, there are several brick plants, two of which will be mentioned
briefly, ‘

The plant of the Redecliff Brick and Coal Company is situated
about half a mile southwest. of the Canadian Pacific Railway station
at Redeliff. Mr. A. Sellhorn is in charge of this plant. The produect
manufactured at the present time is almost entirely brick, ordinary
red briek and pressed brick.  Formerly hollow tile was made but
this was diseontinued. Durine the past yvear the company has com-
menced to manufacture a dark reddish-brown rough-cut brick which
is 'placed on the market as a tapestry briek. Briek from this
source has been used in the construction of the mining engineering
and medical huildings at the Uhniversity of Alberta.

The Belly ‘Rh‘er shales exposed along the bank of the river are
used in the plant and are mined by tunnel from the side of the
valley. = The prinecipal shale bed lies sixty-one feet below the surface
and the material is hoisted hy inelined tramway up to the plant. Gas
is used under the boilers and an automatic feed regulates the flow
of gas. The eclay is treated by the stitf-mud process. Common
bricks are burned in scove kilng; the pressed brick and faee brick
are burned in three beehive kilns and twelve Koeh Patent kilns.
This kiln is reetangular in outline with arched roof. The flue is
situated at the end and is used for two kilng which therefore form
a unit.  The burn in the Koch kiln requires. about four weeks and
the bricks are first subjected to from twelve to fourteen days’ pre-
heating. A type of fire-proof flue lining, used by the Canadian
Western Steel Company at” Redeliff for moulding ingots, is manu-
factured by this company from No. 2 refractory fire clay from a
deposit south of Moose Jaw.

*Allan, J. A, First Ann. Rept., Min. Resources Alta,, Edmonton, 1918, p. 28,
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Ries and Keele deseribe the tests made on the shales used for-
brick-making at Redeliff and their report is. as follows:”

““Tests of Redcliff 8hales—Run of bank used for wirecut brick
(1688). This shale shows good plasticity, but a full-sized brick
would not stand rapid dryving, and considerable trouble has heen
experienced a!t the works on this account. It would, therefore, be
well to try adding 1 per eent of salt to the shale. It worked up
with 19 per cent of water to a mass whose air shrinkage was 7.2
per cent and average tensile strength of 378 pounds per square inch.

“The wet-moulded bricklets behaved as follows:

Cone Fire Shrinkage Absorption Colov
Y% /i
010 0 11.59 Red
03 0.4 ) 8.87 Red
1 3.0 3.44 Red
3 ) Vitrified
5 Tused

““The shale burned to a good red color, and hecame steel hard
at cone 010. 1t i3 not adapted to paving brick or sewer-pipe because
of the tendency to erack, and also because it does not make a good
vitrified- body. We were shown some samples of drain tile and
fireproofing said to have bheen made from this shale, but the Com-
nany at Redeliff has not yet- attempted the production- of this.

A test was also run of the shale bed (1686) occurring near
the top of bank, and used alone for making dry-press brick. In the
laboratory both wet-moulded and dry-press tests were made. It
was found to be a very plastie sticky material, which worked up
with 30 per cent of water. Tts average air shrinkage was 11 per
cent, and the average tensile strength 305 pounds per square inch.

““The shale alone cracked badly in air-drying, but the addition
of salt prevenzed this. The use of the latter also reduced the air
shrinkage to 7.3 per cent.

“The following tests represent the results obtained with wet-
moulded bricklets made of the shale without salt, and dried very
slowly :

y Fire SBhrinkage Absorption
Cone % = 0/3 Color
010 Slightly swelled 10.77 Light red
03 2.3 4.18 Dark red
1 5.0 1.34 Dark red
3 1.6° 0 Dark red
5 Nearly «fused

*Ries, H., and Keele, J., Geol. Surv,, Can., Mewoir 24-EF, 1912, p.

ford
<&
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““The shale burned to a gréod red color, and hard body at cone
010, but was not steel hard until cone 03. Its color deepened very
considerably at this cone. Were it not for the trouble caused in
drying, it might be useful for sewer-pipe.

“A dry-press bricklet at cone 05 had a good body, was steel
hard, of dark red eolor, and had an absorption of only 6.2 per cent.

““The best resalts obtained in the laboratory in treating this
clay were obtained by caleining a portion of if, and using the calcined
part as ‘grog’ in the raw eclay, taking equal parts of each. Thig
mixture worked well when wet. It could be dried moderately fast
with safety and when burned to cone appeared to give a good sewer-
pipe body.

“This clay could probably be calcined at the works by the
method in use now for burning lime. This is done by building up
limestone blocks in hollow, beehive shaped heaps, and burning with
natural gas. The caleined elay ‘grog’ would have to be charged
in a dry pan with the raw clay.

“The dark shale (1887) from the base of pit is exceedingly
sticky and plastie, and worked up with difficulty. It took 43 per
cent of water for mixing, and the shale also checked badly in air
dryving.

“This mass was thoronghly dried, re-ground, and mixed with
water, and 2 per cent its weight of hydrochloric acid added. It
then took only 33 per cent of water. This acidified clay had a high
air shrinkage of 11.6 per cant, and dried in the warm room without
cracking. Salt could be used instead of the acid.

““The tensile strength is probably high, but the briquettes shrunk:
so mueh that they would not held in the clips of the testing machine.

“Wet-moulded bricklets behaved as follows:

fone Fire Sh}’mkage Absorption Color
Yo %
010 0.65 10.82 Light red
03 2.00 6.07 Red
1 0 3.41 Browu
b Fused (Cracked)

“The clay burned stecl hard at cone 010. The most serious
objeetions to this clay are itg high air shrinkage, and cracking in
Jrying. On account of the latter, it is not mixed in with the other
lavers of the bank, :
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“Underlying the upper five-foot lHenite seam in ‘the coulee helow
shale bank is 1 four-foot bed of light-buff sandy shals (1685), which
was tested because it was elaimed to be of buff-burning charaeter.

“When mixed with 28 per cent of water this formed a plastic
springy mass, which seemed rather short in the working. The
average air shrinkage was 4.4 per cent, and the average tensile
strength 297 pounds per sguare inch. The eclay did not stand fast
drying. ‘

““In burning the wet-moulded bricklets behaved as follows:

Cone Fim Sz;riukage Ab}sooj'(ption Colar
© 0
010 Slightly swelled 22.36 Salmon
03" 0 28.27 Pale red
1 - 1.3 14.00
2 Vitrified
3 Well fused

“This clay behaved similar to a silty surface clay. Its high
porosity up to cone 03, and sudden softening below cone 1, would
lead one to believe thaf it s ecaleareous, buf this is not the case. It
is ealled a buff-burning ciav, but the fire tests show that it is not.
The elay did not maks a good dry-press.

“The material can hardly be used for anything but common
Lriek, and is not sufficiently plastie for fireproofing. Moreover, it
would have to be worked by nunderground methods and in connection
with the overlying lignite.””

The plant of the Redeliff Pressed Briek Company is situated
about half a mile east of that of the Redeliff Brick and Coal Com-
pany. In this plant approximately the same kind of ghale is used
and a red presged brick is manufactured. A slightly different type
of Koch kiln is used at this plant. The chambers are nearly twice
as large as those used at the Redeliff Brick and Coal Company, and
the kilns are placed side by side with the chimney between instead
of at the end.

In the Crowsnest Pass there ave many oceurreuces of Fernle,
Kootenay "and Benton shales which are suitable for various elay
praducts.  J. D. Mackenzie describes an oceunrrvence on the south



SEcond ANNUAL REPORT 26
fork of Oldman river between Pincher ersek and the Crowsnest Pass.
His report follows:®

“The Benton beds are nearly wholly a fine clay shale, and ars
of prospective value as a source of material for common brick manu-
facture. A bad of light grey plastic shale outerops in the Benton
measures exposed on Jackson creek, about one-fourth mile from its
Jjunetion with the South Fork river. This bed, although not well
exposed at this outerop, appears to be about four feet thick, and
dips 35 degrees southwest. Less than one-fourth mile upstream the -
plastic shale iy repeated by folding, and dips 65 degrees southwest,
the strata forming a syneline overturned to the northeast. At this
exposure is a well-defined 4- to 5-foof seam of white to light
grey, slightly yellowish stained. fine plastie shale between walls of
dark grey fine fissile clay shale.

“These two outerops have been sampled by Mr. D, Diver of
Calgary, and his samples have been subjected to tests by Prof.
Edward Orton, Jr., of Ohio State University. Mr. Diver kindly fur-
nished the writer with a copy of Prof. Orton’s report, wherein he
swms up his conelusions by sayving: ‘It is my judgment that with
competent mauagement a wixture of thede two clays can be made
the basis of a sucecessful face brick industry, and a successful
industry for stoneware and similar heavy pottery.””’

Samples ‘rom this deposit were tested by Ries, who describes
the result as follows:1 ‘

y “Phe tests made on the shales from Passburg are interesting.
They are all plastie. Four of them soften at a comparatively low
cone, while the other two Stand a much higher heat. It seems that
the best plan to adopt wonld be to make a mixture of the two
classes. as the shales of higher heat resistance would serve to hold
the mixfure up m burning. ‘

<1 believs that the shales contain good possibilities. Most of
the shales are sufficiently vlastie to flow through a die. They burn
to a good red dense body, with low shrinkage and low absorption.
Those of lower fusibility could be used for common or pressed brick,
drain tile. or, I believe for fireproofing. A mixture of the two
classes of material could probably be used for paving brick, and
possibly sewermipe. In the latter case, the more refractory of the
shales shonld form two-thirds of the mixture.”

Theve are certain shale beds onteropping close to the railway
hetween Laundbireck and Boarmis at Passburg, east of the mouantains
along Crowsnest Pass. - One of these deposits is situated on section

*Geol. Surv,, Can. Sum. Rept., 1912, p. 245.
tRiess Geol Surv., Can., Memoir 65, 19153, p. 34.
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11, township 7. range 3, west of the 5th meridian. Samples taken

~ from this deposit about 200 feet from the Oldman river, one-half
mile south of the Canadian Pacific railway, and about two miles

west of Burmis station, have been tested by Ries,

The results of these tests arve deseribed as follows:”

“‘Among ithe deposits that have been prospected is one located
near Passburg, in seetion 11 township 7, range 3, west of the 5th
meridian. The claim which iz controlled by J. Kerr of Passburg and
others, is about 200 feet from the Oldman river, about one-half mile
south of the Canadian Pacifie railway track and two miles west of
Burmis statior.. The deposit is covered somevwhat by the river terrace
deposits, but the beds which are somewhat folded are of Blairmore
(Dakota?) age, according to Lieach’s map of 1912,

“Six sampies were supplied from different beds by Mr. Kerr as
follows: . , ‘

“Lab. sample 1986, Korr’s No, 4, said to represent a five-foot
bed, the highest of the seetion.

“Lab. sawaple 1939, Kerr’s No. 3, from a four-foot bed.

““Lab. sample 1921, Xerr’s No. 1, from a four-foot bed.

. “Lab. sample 1920, from eight-foot bed about same level as 1921.

““Lab. sample 1938, Kerr’s No. 5, said to be four feet thick, and
to lie twenty feet below 1921, ’

“Lab. sample 1937, Kerr’s No. 6, said to lie fifteen feet below
No. 5, and to be 10 to 12 feet thick. ‘

“The deposit was more extensively opened up after the writer’s
visit to the region, and four of the samples were sent in later.

“The following are the laboratory tests made on the samples
and conclusions drawn from them: _

“One sample (Lab. No. 1936) was a soft grey shale, that works
up well to a plastic mass and could be made to flow through an
annular die. The average air shrinkage was 8.7 per cent, which was
a little high. 1t burns te a red color, and is thoroughly vitrified
at cone 1; in faect, the bricklets deformed under the weight of a
few eourses of test bricklets resting on them. Fired at several cones
the following vesults were obtained:

LABORATORY SAMPLE NO. 1836

Corie Fire Shrinkage Absorption
%o Yo
010 1 10.00
05 3 7.43
1 5.4 0.09

*Ries, H, Geol. Burv. Can,, Memoir 85, 1915, p. 45.
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"The shale shows a low fire shrinkage, and the bricklets had
a. good ring even when burned only to cone 010. "It will not stand
burning above cone 1, or even that high, but at cone 03 should give
a good dense brick. The absorption is not high, even at the lowest
cone at which it was tested. The material would probably make a
vitrified produet at ‘a low cone. Figure 13 gives the graph of the
burning tests. ‘

“A second sample (Lab. No. 1989) was silty elay shale, whieh,
however, has cood plasticity, and worked up well to a plastic mass
whose air shrinkage was 7 per cent. The shale burned pink at econe
010, red at cone 05, and brown at cone 1. It became steel hard at
eone 05, but the bricklets had a good ring even at cone 010. The
clay was vitrified and even somewhat softened at econe 1. It fused
about cone 3.

“Below are the burning tesis:

LABORATORY SAMPLE NO. 1939

Cone Pire Shrinkage Absorption
v % Yo
010 0 11.00
05 1.8 8.50
1 5.0 159
3 Fused

“From the tests on the wet-moulded bricklets the clay gives
evidence of making a vitrified ware at a low cone.

“Dry-pressed bricklets burned at econe 010 were too soft, but
those fired at cone 03 had 2 good ring and 10.88 per cent absorption.

““A third sample (T.ab. No. 1921) was a light grev shale, which
when ground up anl mixed with water gave a body of excellent
plasticity whose average air shrinkage was 6.6 per cent, and average
tensile strength when air-dried was 30 pounds ner square inch. No
difficulty was experienced in forming wet-moulded bricklets of the
elay, nor in making it flow throngh an anuular die. The bricklets
had a good ring even at ag low a cone as 010.

““The burning tests were as follows:

LABORATORY SAMPLE NO. 1921

5 Firve Shrinkage Absorption 1
Coone o, 2, Color
[ 1.6 11.46 ) Salmon
05 4.2 6.18 Red
1 54 2.00 Dark red
3 Fused
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““Fhe shale softened somewhat even at cone 1, and it would
bardly be safe to burn it as high as this, if used alome. The fire
shrinkage is not high, and neither is the absorption.

“The)clay could probably be moulded dry-press.

““Several possible uses suggest themselves. The shale could be
employed for making red brick, and possibly vitrified brick. It
could also be moulded and burned at a low heat for drain tile.” If the
shale will take a salt glaze it should be tried for sewer-pipe. Fire-
proofing is auother product that I believe could be made frowm this
shale.

“A fourth sample (Lab No. 1920) is also a light grey shale of
good plasticity, which worked up readily with 21 per cent of water.
The averagé air shrinkage was 6.6 per cent, and the average tensile
strength when air dried wag 25 pounds per square duch. It has
enough- plasticity to flow through a tile-die. The shale burns to a
red color, which inereases in depth with the intensity of the firing,
The bricklets are steel hard at cone 05, and practically vitrified at
cone 1. The burning tegts were as follows:

LABORATORY SAMPLE NO. 1920

Cone Fire Shrinkage Absorption k
Yo ‘ %
010 ” 1.0 9.02
05 2.7 7.75
I3 4.7 2.30
3 Fused

‘

“The shale would probably work for paving brick, as well as
building brick,

“A fifth sample (Lab. No. 1938) is another shale of good plas-
ticity, whose air shrinkage was 8.5 per cent. The shale burns te a
brownish red color and is steel hard at come 03. The burning tests
were as follows:

LABORATORY SAMPLE NO. 1938

Cone Fire Shrinkage ’ Absorption
010 1.0 11.98

05 1.7 904

! 3.6 416

2 5.0 5.40

7 Nearly viscous
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““This is one of the most refractory of the Passburg shales tested,
and in this resnect resembles the next one. The bricklets had a good
ring and color even at cone 010, ‘

“The dry-press bricklets at cone 010 showed 12.58 per cent
absorption, and 2.6 per cenit fire shrinkage. They were a little soft
for use. Those burned at cone 05 were nearly steel hard, with 11.07
per cent absorption. ’

“A sixth sample (Lab. No. 1937) is of & clay shale which is

sandy and of a low plasticity. It does not work as well as 1936, for - '

e¢xample, and yet no trouble was experienced -in wet-moulding it,
nor in forming it into dry-press bricklets. The average air shrinkage
of the wet-moulded shale was 7 per cent. It burns to a red body,
which is steel hard at cone 05. The absorption is moderate, and the
fire shrinkage is low up to cone 05. These facts were borne out by
the following tests of the wet-moulded bricklets: :

LABORATORY SAMPLE NO. 1937

Fire Shrinkage Absorption
Cone
%o % :
010 1.3 15.91
05 2.0 14.20
1 . 6.0 2.93
3 . 8.0 1.50
7 Viscous

““The dry-press bricklets were too soft for use at cones 010 and
even 05, but at cone 1 they were hard with a fire shrinkage of 7.6
per cent and an absorption of 8.3 per eent.”’

CRANDELL PRESSED BRICK AND SANDSTONE PLANT

The plant of the T. H. Crandell Pressed Brick and Sandstone
Company is situated at Mile Five on the main line of the Canadian
Pacific railway, west of Calgary. This plant was closed during the

. period of the war, but operations were resumed in 1920,

The raw material is derived from an escarpment about 125 feet
high whieh forms the south side of the Bow valley close to the
railway. The clay beds consist of shales and shaly argillaceous
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sandstones of Paskapoo age. The section of the beds below the soil
in the pit from which the raw material is derived is as follows:

* 5 feet light grey massive sandstone,
10 feet sandy shale with bandslof'ferruginous sandstone,
10 feet massive sandstone (not nsed).

feet dark sandy shale (not used).

feet bluish grey shale.

feet light yellow sandy shale.

feet ferruginous sandstone.

10 feet thin-bedded grey sandstone. i}

8 feet massive grey sandstone (not used). ‘

35 feet shales and shaly sandstones irregularly bedded,
jointed and broken. Ironstone along the breaks.

25 feet covered to level of railway.

-] =1 GO

Tt is the lower thirty-five feet in the pit that is utilized chiefly,
although mno particular care is taken in sorting out the material.
The beds are broken down bv blasting and the material is taken
- direct to the crushers. The massive sandstone is used for building -
purposes.

The process used ir the manufacture of briek iy the dry press.
The plant has a full capacity of one and one-half million bricks per
month. Up-draft kilns are used for burning, with forced drafts,
and slack bituminous coal iz used for fuel.

The produets manufactured are red pressed briek, clinker brick,
encaustic brick with enamel and poreelain finish, also plain and
enamelled wall and floor tiles in various colors and designs,

The appearance and quality of both the brick ami tile are ex-
cellent. The demand for tile is yet very limited because architects
do not seem to be cognisant of the fact that floor and wall tile of
good quality ecan be made from Alberta clays.

TREGILLUS BRICK PLANT

One mile west of the Crandell Clay plant, the same series of beds
were worked by the Tregillus Brick Company, but this plant has
been closed down for some tiine and is almost entirely dismantled.
This plant when in operation produced a good guality of brick-and
especially a rough-cut brick whieh was placed on the market under
the trade name of “tapestry brick.”” This class of brick has been
used in the construetion of the Arts building at the Umiversity of
Alberta. '
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A somewhat similar ‘ryg;e of rough-eut brick is now being manu-
factured by the Redsliff Brick and Coal Company at Redeliff,
Alberta. This brick has been used in the mining engineering and
medieal buildings at the University of Alberta.

This type of brick has a dark veddish brown color and has an
attractive appearance, but on account of its rongh and hackly smrface
is a bad dust eollector.

ZUCHKA BRICK PLANT

A plant wag installed in the spring of 1920 by the Zuchka Briek
Company, about three-quarters of a mile north of the town of Smoky
Liake, on the St. Paul des Metis branch of the Canadian National
railway, in seetion 27, township 59, range 17, west of the 4th
meridian, '

When the plant was visited the average daily output was
twenty-seven to twenty-eight thousand bricks per day, and thirteen
to eighteen men were employed.

. s

The stiff-mud process is used, the bricks are wireeut and are
burned in scove-kilng using wood for fuel.

The clay is taken from the gentle sloping side of the valley
of White Harth river, about half a mile from the creek and thirty-
five feet above water level.

The clay appears to be of residual origin derived from the
disintegration of the shale beds in the Pakan formation (middle
Belly River series). Further to the east the surface soil becomes
sandy, where the Vietoria sandstone is exposed or comes close to the
suface.

The following section igz exposed in the clay pit:

1 foot surface soil.

214 feet soil and clay mixed.

2  feet clay sand, ‘ »

4 feet yellowish elay (being used).

The clay dries and burns without excessive ecracking. - The
brick has a buff color and is somewhat soft, but is suitable for com-
mon building purposes. The first kilns of briek burned were
not of good quality as the clay used was taken from close to the
surface and contained some sandy gravel. A much better guality
of briek is produced from the elay and shale beds when the pit was
opened up further from the surface.
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BENTONITE"

Bentonite is a variety of clay which is very fine in texture and
shaly-like when dry, but extremely soapy when wet. This clay will
absorb three times ity weight in water, so that on account of its
absorption properti'es it ferms a soft, soapy, jelly-like mass when
thoroughly mixed with water. When thoroughly saturated with
water this material is colloidal in form and as such has been found
to be of use in the manufacture of various produects.

Bentonite is seldom found pure, but usually - contains various
impurities which give the material a creamy yellow to dark greenish
color. Bentonite clays are widely distributed throughout the
Edmonton and Belly River formations. Surface clays have been
formed from the breaking down of shales containing bentonitic clay.
This type of elay is betier known by the ndme of gumbo. On aceount
of its extreme soap-like character when wet, it enters as an important
factor in the study of road-making throughout Alberta.

Bentonite is used in the paper industry and in textile industry
for the sizing of the yarn. It is also useful as a cleanser of cloth
and is a clarifier of oils. A satisfactory shaving soap can be manu-
factured from this clay, and it also forms a basis for various salves.
and other medieinal products.

A thin bed of pure bentonite was examined in the Edmonton
formation in the vicinity of Drumheller and Rosedale, in the Red
Deer valley. Beds of elay with true bentonite properties were found
in thig formation at a number of places. The thickest bed of pure
bentonite oceurs in ths coal mine at Rosedale, where the clay forms -
a parting four inches to about fourteen inches in thickness. The
quality of this bentonite is such that this material can be regarded
as of commereial value. Irregular beds were found at other places
in the Edmonton formation

Further investigations are being carried out on bentonite elay
in the laboratory of the research department at the University of
Alberta, and the results mav prove that the purer grades of bentonite
in Alberta .are commercially valuable. An analysis representative
of the pure bentonite in this formation was made at the University
of Alberta and gave the following result:

SBIHES i e e 69.46 per cent
Iron Oxide ... i 3.35 per cent
Aluming . ..ot e 16.25 per cent
Lime .............. S 2.06 per cent
Magnesia ..... ...l ceeees 2.76 per cent
Ignition Loss .....oivniiiiiiiil, b . 5.04 per cent

Alkalig, ete. ... oo - 1.08 per -cent
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COAL

INTRODUCTION

Coal is the most important of the mineral resources in Alberta
which have been déveloped up to the present time, in that coal min-
ing operations have been carried on continuously sinece 1881.  Prob-
ably the earliest record of the oceurrence of coal in Alberta was
that made by Sir Alexander Mackenzie in 1789, He found a coal
seam of Great Bear river, and refers to a seam of ecoal which he
discovered on the Red Deer river near the mouth of Rosebud creek.
This occurrence is on the margin of the Drumheller coal basin. Both
of these occurrences are recorded on a map published in 1801

In 1800 David Thompson made a trip from Rocky Mountain
House down the North Saskatchewan river and recorded all the coal
seams, but unfortunately his manuseript was not published until
about two vears ago by J. B. Tyrrell.

In 1841 Sr George Simpson disensses the occurrences of coal at
Fort Edmonton. He notes that it was being used in the blacksmith
shops and was found to be as good as any other blacksmith coal.

Coal was discovered in the foothills in 18456, possibly in the
Bankhead-Canmore district in the Caseade coal basin. Sir James
lHeector, geclogist on the Palliser expeditions, records coal seams on
Athabasca river and Pembina river in 1860, near the site of the
present mines. '

The coal resources of Alberta have played an important role in
the early opening up and settlement of the prairies. The surveys
for the proposed Canadian Pacific railway across the prairies were
beginning about 1878, but no thought was then given to the mining
possibilities in Alberta. The prairies were not looked upon favorably
by the pioneer settlers, who chose the more wooded distriets first.
It was in 1875 that Dr. George M. Dawson was sent west to make
the first exploration ‘along the international boundary line. His
report that there were great seams in the treeless areas, and his
accompanying map did much to bring about a change in sentiment
towards the prairies. Mr. J. B, Tyrrell in '85 and '86 explored -
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what was then called “Northern Alberta,”” including the Edmonton
district. 1Ile mapped all the coal seams along the rivers. This report
and map, which is now a elassie, greatly assisted in opening up the
country, by ‘showing the settlers where coal for fuel could be
obtained. :

When the first transeontinental line reached the mountains the
coal used was being hauled from Ohio. About 1881 the first eoal
seam was opened at Lethbridge and the first coal was hauled to
Medicine Hat, and when used on the locomotives was found to burn,
80 4 narrow-gauge railway was built to Liethbridge and the mine was
opened up. In ’82 and ’83 the first mine was opened at Anthracite
and Canmore in the Cascade and Bow valleys. This coal was used
in the heavy construction werk of the railway in the mountains.
It is a faet that had the plains and the foothills not contained coal
suitable for locomotive purpeses, that mueh of the railway construc-
tion work within the mountains would have had to have been post-
poned until a later date. ‘

This brief historical sketeh is added to show that the presence
of extensive seams of coal, and the pioneer ‘development of the
coal resources, have assisted materially in opéning up and in settling
part of Western Canada. '

In making an estimate of the eoal resourees in any area it is
necessary to determine the areal distribution of the coal-bearing
formations, and to estimate the approximate thickness of the coal
seams throughout that area. As a result of the importance of coal
in Alberta much detailed work has been earried on through the
Federal Geological Survey. Stratigraphical information Jas been
obtained throughout Alberta and the distribution of the coal-bearing
formations mapped as aceurately as the geological knowledge to date
would warrant. :

Information on the coal resources of Alberta has been published
from time to time by Mr. D. B. Dowling. In many districts the
information whieh he has published is all that is yet known on the
coal measures.

The coal resources in Alberta, eastern British Columbia, and
western Saskatchewan have been defined largely through the
excellent work carried on by D. B. Dowling, and in part, by the
earlier field investigations carried on by G. M. Dawson, R. G.
MecConnell, and J. B. Tyrrell. These men are responsible for the
earliest detailed examination of the geological structure and distri-
bution of the coal measures in western Canada. Of ‘these Dowling
has covered the coal fields most extensively, and his numerous pub-

[
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ications relating to coal measures in Alberta will be found in the
annotated catalogue recently published by the Geological Survey.”

HORIZONS

In Alberta there are three important coal horizons in the Creta-
ceous. These horizons are in most localities separated by shale for-
mations of marine origin. All grades of eoal are found in Alberta
ranging from lignite of medium grade to high grade semi- anthramte
coal bordering on anthracite This wide variety of coal being pro
duced by the mines in Alberta is too frequently overlooked in dis-
cussions relating to the quality of coal in this provinece. Alberta
does not contain any large deposits of anthracite coal, but small
irregular lenses of anthracite‘oeeur within the mountains where
portions of thic coal seams have been a,ffected by the most intense
diastrophic movements. :

The two most important factors to be éonsidered in discussing

coal deposits are Age and Pressure. Both of these factors must

be considered in a study of the coal resources of this province.
-

The quality of the coal in the various distriets and different
seams can be shown to be largely dependent upon these two factors.

The three coal-bearing horizons in Alberta are:

1. Edmonton formation, Upper Cretaeeous. -
2. Belly River formation, middle of the Upper Cretaceous.
3. Kootenay formation, Lower Cretaceous.

These horizons #re separated from each other by formations
from 700 to 3,000 feet in thickness. The coal seams in the lower
formations are of higher quality than those which ‘occur in the
younger formations. This is due to the age and to the faet that
they have been subjected to pressure from the overlying load for
a greater period. On-the other hand it is important also to remember
that the Rocky Mountains form the western side of the province,
and the mountain-building m-vements, which have been the cause of

the upbuilding of the mountains, have exerted a greater pressure |

on the coal seams to the west. The quality of a coal, therefore,
increases when a seam is traced towards the west and into the foot-
hills or within the front ranges of the Roecky Mountains. The
‘highest grades of coal are, therefore, found near the foothills, or
within the front ranges. At the same time the seams of coal belong
ing to the Belly River and Kootenay formations are exposed close
to the mountains or within the mountains, duée to the faet that the
beds have been tilted upwards in the process of mountain building,

*Ferrier, W. F., Geol. Surv., Can,, No. 1723, 1020, pp. 446-448,

W
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There are several coal basins in vAlberta, widely distributed.

The grade and quality of the coal in these individual basins vary,

but in general it may be said that the higher grades are found
towards the west. There are other coal basins containing high grade
semi-bituminous or anthracite coals which have not yetﬁ been devel-
oped but which are known to possess large reserves for future use.
Those undeveloped areas include those at the head of the Highwood
and Sheep rivers described in this report, and those towards the
head of the Smoky river between Athabasca and Peace rivers.

The importance of the coal resources of -Alberta is evident when
the amount of this minera; in reserve is considered. It is estimated
that Alberta contains abeat fifteen per cent of the coal reserves
of the world or about 87 per cent of the coal reserves of Canada.
Upwards of 96 per cent of the coal reserves of Canada lie west of
the Great Lakes. Mining operations began in Alberta in 1881, when
1500 tons were produced. In 1920 the output was 6,908,923 tons.
Sines the beginning of mining operations in this provinee, the total
outHui has besn only a little over 60,000,000 tons. In the 1919 An-
“nual Report of the Alberta Mines Branch, Mr. J. T. Stirling, Chiet
Insmector of Mines, states that during the last fifteen years, ‘100,
- 484.038 tons of coal have been affected by mining operations,’’ .ol
" which 47,227,498 tons have been extracted, and 26,628,770 tons have
heen ‘‘lost berond any chance of recovery.’’ This is a deplorable
fact and one which ealls for immediate considération and -investi-
gation, ‘ :

There is still a large scope for further field investigations on
the coal resources of.Alberta. These problems include the correla-
tion of the seams, the extent of the seams, uniform quality, ranze
in quality in any particular seam and many other phases of direct
economieal importance.

The following pages contain notes on some of the coal bazins
along the foothills or behit.d the front ranges of the mountains, but
none of these basins have been worked up in detail.

~HIGHWOOD COAL BASIN

Less than 2 week was spent on a réeonnaissance survey of a coal

area within the front ranges of the Rocky Mountains on the Higl-

wood and Sheep rivers. This basin lies on the southwest slope of

the Highwood range. In Highwood valley coal seams have been -

prospected by Harry A. Ford of Calgary and his associates, in town

ships 16 and 17, ranges 4 and 6, west of the 5th meridian. In the

valley of the south fork of Sheep river, the northern extension of

W
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the Iighwood coal area has been developed by P. Burns Coal Mining
Company, of Calgary, in township 19, range 7, west of the 5th meri-
dian. Sheep river area lies northwest of the Highwood area becanse
the strike of the Highwood range is about north forty degrees west.
This eorresponds to the struetural trend of all the ranges in the
Rocky Mountaing in this fatitude.

The Highwood river begins at the junetion of Mist and’ Storm
ereeks in township 18, range 7, west of the 5th meridian. Both of
these creeks rise from the limestone range which forms the contin-
ental divide. They are separated by the Misty range which begins
in Mount Rae 10,160 fect in clevation, and terminates in Mist
Mountain at the junction of the creeks. The Highwood follows the
less resistant roeks in the lower Cretaceous and in the lower series
of the upper Cretaccous. The coal seams oceur in the Kootenay
measures between the Highwood range of limestone on the north-
east, and the continental divide of limestone on the southwest. In
towaship 16, range 5, the valley turns sharply to the east, leaving
the Lower Cretaceous coal basin. It cuts transversely aeross-Devonian
and possibly Carboniferous limestone ridges which form the front
range of the Rocky Mountains. In township 17, range 4, the valley
widens on leaving the limestone escarpment in Mount Head, and
tollows a northeasterly trend zeross the inner foothills underlain by
Cretaceous formations  On section 36, township 17, range 4, Trap
or Flat ereek enters from the northwest. IMive miles farther down
its course Sullivan creek enters from the same direction, and about
three miles farther down Ings ereek enters also from the northwest.

Near Ings ereek the Highwood again swings to the southeast to
get round the harder Dakota rocks in the outer foothills. At the
mouth of Pekisko ereek in township 17, range 1, west of the fifth
meridian, the Highwood again turns to the northeast and continues
through the western plains to the town of High River.

The Highwood west of the plains is distinetly terraced all the
way for some distance west of Cat creek, where the Ford property
has been prospeeted. In some places seven distinet terraces are
present.  The terraces have been formed during the lowering and
disappearance of a post-glacial lake. One of these terraces Is con-
tinuous for about fifteen miles. The terraced character of the High-
wood valley eliminates any problem in railroad construction. In
this respect it is a most remarkable and unique valley. A railroad
could be construeted into the Highwood coal basin without requiring
a single rock ecut.

The Highwood coal ares has been examined in detail by Dr.
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Bruce Rose in 19197 who has traced and mapped the coal formations

“from the Crowsnest field north to Sheep river. Rose recognies
ihree bands of Kootenay coal-bearing formations in this field, the
foothills area, the mountain area, and the Mist and Storm Creek
ared.

The foothills area lies rast of the limestone ridges in the High-
wood range 1t eontaing coal seams which are exposed in Trap
or Flat creek and along other small ereeks tributary to Highwood
and Sheep river. Althongh I have examined samples of eoal from
Trap creek I was unable to iuvestigate the occurrence and the pros-
seets which have leen opened up. This belt iy badly faulted, but
the samples examined indicate a good quality of eoal.

The mountain area lies between the Ilighwood range and the
‘continental divide. Rose noted three coal-bearing bands at the
Oldman-Highwood divide, Lut on page 18C he states that “the middle
band plays oat by faclting and folding about three miles north
of the divide.” A

The western band of the Kootenay rocks in the Highwood fol-
lows the west side of the valley. This band was not examined at
close range, but the character of the rocks is such that they could
he seen following eclose to the base of the limestone. escarpment in
the continental divide, toward the junetion of Storm and Mist Creek
valleys. . Two arms of this band pass on either side of Mist mountain
at the east end.of Misty range and form the Mist and Storm Creek
area.

Rose describes the structure on page 20C as follows:

“The western band of the coal formation in the mountain area
bifureates, one branch passing along Mist Creek valley and the other
along Storm Creek valley. Mo the south these bands join in an anti-
clinal fold, but northward the centre of the anticline is broken by
an overthrust {fault that pasges east of Misty range so that the band
whieh follows Mist Creek valley lies to the east of this overthrust
fault with the Devono-Carboniferous limestone of Misty Range thrust
against it, and the band which fellows Storm Creek valley lies in
its natural suceession on the west slope of Misty range.

“In Mist Creek valley the band running east of Misty vange lies
to the west of the creek conrse. crosses a number of ridges running
from the rangs, and finally crosses the head of Mist creek to Sheep
River divide, beyond which it was not followed. KEast of the creek
course and lying on the west slope of Highwood range, is another

#Ilighwood Coal Area, Alberta,”” Geological Survey of Canada, Summary
Report, Part €. 1919, p. 14,
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band of the coal formaticn. This is the northward extension of
what was called the eastern band in the mountain area. It crosses
the divide at ‘he head of Mist creek and connects with the coal at
the Burns mine on Sheep river. Other outerops of the coal formation
were seen in the broken area between these two bands at the head
of Mist creek, but are probably of small extent. No prospecting has
been dove in this valley asd the formation was not traced in detail,
but it is likely that much of it will yield good coal. This likelihood
applies particularly to the eastern band which is continuous from
the Ford mine on Cat creek to the Burns mine on Sheep river.

““In Storm Creek valley the band west of the Misty range crosses
the creek twice and at its head lies on the west side of the pass
to Pocaterra creek, which flows north to Kananaskis river. No
prospecting has been done along Storm creek, but on the same band
along TPocaterca creek a namber of good eoal seams were opened a
few years ago and it is reported that analyses of picked samples
gave a carbon content of 80 per cent. This band was not followed
northward, but seems to pinch out a few miles farther on, for a view
from the pass at the head of Pocaterra creek shows that the lime-
stones of the ranges fo the east and west come together in a distance
of approximate:ly ten miles,”’

The eastern band of the mountain area crosses the Highwood
river in section 28, toweship 16, range 5, west of the fifth meridian.
On the north side of the Highwood there appear to be three distinet
parts to the eastern band which may have resulted from repeated
faunlting.  Thexe were traced in a northwesterly direction along the
cast side of the Highwood valley, and over the divide about due
north of Mist mountain into Sheep River valley, where the measures
follow the sonth side of the valley.

The Ford property, which is referred to as the Ford mine,
covers the southeasterly end of this band from Highwood river,
while the P, Burns property includes the continnation of this band
to the northwest, and in the valley of Sheep river in township 19,
range 7, west of the fifth meridian.

The H. A. Ford preperty has been opened up by numerous
prospect tununels along Cat creek.  When 1 visited this area in
~September the seams were being uncovered and opened up for more
permanent development on the slope close to the Highwood, in town:
ship 16, range 5, whera the seams pass under the valley. Sufficient
work had not been done to prove up the structure or quality of
the eoal at this point. On (at creek fourteen seams of coal are ex-
posed and have been prospected in a distance of less than a mile
-across the strike of the formations. The numbering of the seams
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have been given in the ovder in which they have been opened up.
Beginning at the most casierly prospect the seams may be deseribed
‘as follows:

No. 000. About four feet of badly crushed eoal containing con-
siderable bone, but with many lensy fragments of solid coal with high
lustre. The limestone outerops a tew yards east of this prospeect.

No. 00. About eight feet of solid eoal and four feet of badly
crushed coal.. An analysiz of this coal is given by Rose and quoted
m the table below

No. 0. Seven feet six inches of good-looking coal.

No. 1. Five feet glossy compact coal and about four feet badly
crushed eoal.

No. 2. Twelve feet glossy and blocky coal, fourteen inches of
bone, three feet six inches fair coal.

This seam, which is elght feet from No. 1, dips at 53 degrees
west-and strikes.north 39 degrees west. Two analyses were made
from this seam and are given in the table.

Very little work has been done on numbers 3 and 4, so that the
exact width of these could not be determined, but Rose gives a thick-
ness of four and five feet raspectively. :

No. 5. Thirty-three feet made up as follows: 11 feet coal, 4 feet
shale and coaly shale, 18 feet coal. Analyses are given below of
samples taken from different parts of this seam. This is one of
the best seams on- the preperty and containg mueh ecoal of good
marketable quality. The strike of the seam is north 39 degrees west,
and the dip 85 degrees southwest,

No. 6 seam. Ten feet wide has been opened up about fifty feet be-
tow No. 5. This seam appears to represent the upper part of No. 5,
whereas the lower part of No. 5 at this level appears to have pinched
out considerably. Two aualyses have been made from this seam
from representative samples taken from the total width of the seam.

No. 7. Twelve feet of very good coal has been opened up seventy
feet below the level of No. 6. The strike here is north 42 degrees .
west and:the Jip 88 degrees west to 88 degrees east.

No. 8. A five-foot seam of badly crushed coal op‘ened up five
feet below No. 7. No blocks could be obtained from this seam but
the prospect does not extend beyond the weathered portion of the
coal. The strike of this seara is north 62 degrees west and the dip
65 degrees northeast. Theve is a Tault between 7 and 8.
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No. 9 has beer opened ap half way down the canyon of Cat
creek. The prospect exposes four feet six inches of fine textured
but elean coal. The strike is north 38 degrees west, and the dip
about 80 degrzes west '

Between the camp and the mouth of the canyon there are two
seams. The upper one, No. 10, is about seven feet wide, and the
coal is mined for camp use in small but angular blocks. An analysis
is given below from a representative sample taken from this seam.

No. 11 is within a few feet of No. 10. but on account of the
crushed chavacter of the seam only twelve feet can be readily
measured.

The sampies of coal whizh T collected and which are included in
the table below were taken from points at or close to the surface
during a wet period. Th: moisture content appears high, but this
must not be taken as representative of the coal which oceurs farther
in where it is not affected to the same extent by atmospheriec con-
ditions. The ash content is also high because no attempt was made
1o discard chippings from chale lenses when taking the samples.
A considerable percentage of the shale bands could readily be elimin-
ated during mining. The heating value of each sample taken is
reasonably high. The coal, particularly that in seams 2, 7 and 8,
is of excellent marketable ynality and can be classed as a high grade
semi-bituminous or semi-anthracite. Tests do not prove it to be a
coking coal. Analyses Nos. 7 and 8 were made from single piece
specimens, These results are more representative of the coal as it
could be mined. There does not appear to be any reason why certain
seams in this area could not be mined economically, and with trans-
portation difficulties negligible. This coal area can be regarded as
important nndsveloped deposit.

ANALYSES OF COAL FROM PROSPECTS ON CAT CREEK

No. 1.
Losg on airdrying ...... ... 344
' As Received Air Dried Air Dried
Moistme .................. 3 0.9 1.5
Volatile Matter ............ 15.4 16.0 175
Pixed Carbon .............. 60.3 62.4 64,4
Ash 20.0 20.7 . 16.6
BT UL 11,630 12,040 12,290 12,510
No. 8. No. 4.
Loss on air drying .......... 2.8¢% 1.8¢%
. As Reccived Air Dried| - As Received Air Dried
Moisture ........ ... ... 3.5 0.7 2.4 0.6
Volatile Matter ............ 16.2 16.7 15.2 15.5
Fixed Carbon .............. 59.5 61.2 59.7 50,8
Ash o 20.8 21.3 28,7 23.1
B.T. U oo, 11,630 11965 11,430 11,640
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ANALYSES OF COAL FROM PROSPECTS ON (AT CREEK (Contipu/ed)

No. 5 No. 6.
Loss on air drying....... ... 2.6¢ 2.2 ¢
As Received  Air Dried As Received Air-Dried
Moisture ... ... 3. 0.4 2.7 0.5
Volatile Matter ............ 15.4 15.7 14.0 14.3
Fixed Carbon .............. 57.9 58.5 58.1 59.4
Ash Lo 23.7 244 25.2 25.8
B.T U, oo 11,390 11,690 11,180 11,430
No. 7 No. 8
Loss on alr deying.......... 0.0 % 0.0 % . N
Ag Received Air Dried As Received Allf Dried
Moisture ... .. i 0.2 0.2 (3.1'5
Volatile Matter ............ 15.2 152 %/.1
Fixed  Carbon . ............. 79.1 79.1 72.8
Ash ... . L. P 5.5 5.5 9.5
Sulvhue ... oL 0.2 0.2 0.2 0.2
B.T U oo 14,620 14,620 13,890 13,890
. i | _
" [No. 9[Ne. 10/ No, 11:No. 12|{No. 13} Xo.
§ ]
Proximate avalyasis 1 _
Moisture ... . | 0.6 0.6 0.
Ash | 7.6 23.9 3.
Volatile M : 16.0 16.2 18.8
Pixed 5! 75.8 59.3 73.7
|
Ultimate analysis ; !
Sulphur ... Lo ! 6] 0.5 0.3
| i c7
Calorific value in B. T. . 14,110 14,150/ 14,300

....... [ 11,620 11,370] 14,370
1. |

| %

1. Representative sample frowm Seam Number 6.

2. Average sample from Number 10 Seau.

3. Average smwple from Seam Nnmber 5, upper.cleven feet.
4

Seam Number 5, average of the upper and lower parts of the seam which

are separated by two feet of shale.
5. Average sample from Seam Number 5, lower eighteen foct.
6. Beam Number 2, average of the whole sean.

The high ash content in this

analysis is due to a band of hone which might easily be eliminated when

mined.
Single plece
Single pieec

sample from Number 2 Seam.
sample from No. 5 Seam,

w0 ~1

9 to 14 inclusive arc given by Rose on page 19C in the Summary Repart

for 1919.
tory of the Fuel Testing Station, Mines Branch, Ottawa.

Y. Seam 00 sample acrvoss seven feet forms poor coke.

10. Seam 00 single piece sample agglomerate.

11, Beam Number 2, single piece sample forms poor coke.

12, Seam No. 5, single piece sample from bottom-—agglomerate.

13. Seam No. 6, sample across seam, forms poor coke.

14, Seam No. 2, single picce sample, forms good coke not much swollen.

The samples were collected by him and analyvzed in the labora-
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YHEEP RIVER COAL BASIN

The south fork of Sheep river rises from the north slope
of Mount Rae in township 19, range 7, west of the 5th meridian.
The head of this valley, which is broadly rounded by glacial action,
terminates in a low divide drained on the north slope by the HElbow
river. 'Thig river extends to the southwest and terminates in a low
divide which is drained on the opposite side by Poecaterra cireek, a
branech of Kananaskis rive:

From™ the Sheep - Elbow divide the ‘valley of the former
follows  a southwest trend for six miles hetween a limestone ridge
on the northeust, and o Cretaceous and Jurassie ridge on the south-
west,  After passing the location of the Burns mine in the south-
west quarter gection 14, township- 19, range 7, the valley turns slowly
to the east and af the same time narrows considerably. The river
has cut a comparatively narrow gorge through the limestone ridge of
the front range. From Corge ereek eastward the sides of the valley
are distinetly terraced, but the terraces are not as continuous nor as
level as those on the Highwood. The terracing disappears behind
the front escarpment of the mountains.

A good automobile roid extends from Okotoks westward past
Black Diamond and the Turner valley oil field. West of this point
the grades are very irregular and sometimes steep. The road follows
up Maccabee creck, and near the entrance to the forest reserve,
crosses over 2 ridge to the river a short distance above the mouth
of Dyson ereek, which enters from the south. The road follows the
north side of the river, and the most difficult part of it is the erossing
“at Gorge creek, the bottom of which is about 200 feet below the ter-
races on either side. A good wagon road extends to the P. Burns eoal
mine, although some very difficult grades are encountered due to
the gorge-like nature of the valley. A considerable portion of the
road west of (Gorge ereek has been constructed and maintained by
the company operating the mine.

Just west of the front range of the Rocky mountains the valle;
of Sheep river has been formed in a Cretaceous trough which con-
tains many seams of coal of Kootenay age. This coal basin, which
is the continuation of the measures in the mountain area on the High
wood, terminates to the northwest about three miles beyond the
Highwood-Elbow divide  Most of the area containing the Kootena:
coal measures is owned bv the P. Burns Coal Mining Company of
Calgary. These measursy have been opened up in seetions 14 and
15, township 19, range 7, west of the Hth meridian.

The P. Burns coal mine is situated on the south slope of the
valley between a small creek known as Sharp creek, to the west,
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and Rickert creek to the east, down which an old Indian trail passes
from Highwood river. The prospect work on this coal basin is
represented by numerows pits and small tunnels along Sharp ereek
and other small ereeks whieh cut across the coal measurves. The
present development work consisty of a tunnel about 1,800 feet long,
which has been driven .to the southwest, so that it” intersects the
various formations The section exposed in the tunnel is approx-
imatelv as follows

950 feet sandstoue and shale strike north 27 degrees
west dip 70 degrees west.

35 feet coal, Burns seam.

375 feet sandstone and shale,

38 feet coal, Sharp seam.

140 feet shale and sandstone.
18 f=et coal

133 feet sandstoue.

7 feet coal.
60 feet sandy shale
3% feet coal.

The tunnel terminates just beyond this seam. At the time of
eay visit a drift 160 feet leng was being extended along the seven-
foot seam, with the intention of connecting up with the surface in
Rickert creek 7o the east for the purpose of ventilation,

Along Sharp ereek a few hundred yards west of the tunnel six
seams were examined. Others are reported to oceur farther up
the creek but these were act visited. The following seams were
examined in puospeet tunnels beginning at the mouth of the valley:

No. 1. Burns scam passes west of the outlet of the valley.
No. 2. Sharp seam, 32 feet of coal.
No. 3. Seven feet six inches. This one is 18 feet in tunnel,
No. 4. Eight feet coal.
No. 5. Five feet coal.
No. 6. Seven feet co al
No. 7. Corlet seam; 2 feet solid coal; 4 feet 9 inches rock; 12
feet solid coal; 14 feet rock 13 feet soft eoal no foot wall in s1ght
In Rlckelt creek the following seams are exposed:
No. 1. Burns scam 20 feet coal in the foot wall, 5 feet soft rock,
9 feet 11 inches coal in the hanging wall.

No. 2. Seam coal 21 feet.

No. 3. Seam coal 12 feet § inches.
No. 4. Seam zoal 7 feet

No. 5.

Seam eoal 9 feet 6 inches.
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As this examination was only of a reconnaissance character no
attempt. was made to work out in detail the structure of the coal
measures. The information obtained was sufficient to warrant the
opinion that a large and valuable coal basin has been proven to exist,

and that the coal is oi high grade semi-bitumineus or semi- anthraeite
quality.

The geology and structure of the coal basin towards the head
of Sheep river has been described as follows by D. D, Cairns.”

““This Cretaceous basin terminates to the north about two and
a half miles north of the Elbow river; the southern end was not
explored as it extends far tc the south of the area covered by this
report.

““The Cretaecous measures in some places, especially to the south,
appear to be faulted along their western edge. Towards the -north,
however, a secondary fold is developed as the Hlbow river is
approached, that causes the trough to become somewhat narrower.
Here it appears quite ceriain that the Paleozoic rocks to the west
have been pusied over themselves and now overlie the Cretaceous.

“Immediately on top of the limestones are some very hard,
fine-grained, almost white yuartzites, from 200 to 500 feet thick, and
varying in color from pure white to a hUhf grey. The shales and
sandstones which overlie-these are much thicker than te the east
around the Moose Mountains, although they are otherwise Very
similar. - The conglomerate which overlies the coal measures to the
east was not seen here in place, but considerable of the float was
found on the mll sides, so that it very probably outerops on some of
the higher points or ridees; but as our work was done late in the
autumn, with considerable snow on the ground, we did not find it

“The formation here consists chiefly of sandstones, characteris-
tically brown in appearance. In faet from the river up to the tops
of the high rugged {‘refucecas ridge here the whole series is strikingly
brown in coler. 'The sandstones are, for the greater part, quite
uniform in texrure as well as in color, being rather fine-grained and
not very hard.  About halfway up the hill a few coarser and greyer
beds were seen and also some darker ones. Above this again are a
number of black shale beds, generally only a few feet in thickness
and often carbonaceous, being at times composed almost wholly of
the remains of ferns, ete.  Near the top of the hills are a few coarser
grey and greenish sandstones. Quite a number of plant remains
were collected from this series, all being very characteristic Kootenay
types.

¥ Moose Mountain in Dlstnet, ‘Southern Albezta,“ Geol. va Can., Memoir
61, 1915, p. 30.
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- ““The lowest beds of this series were only seen in a few places,
but there they correspond very closely with the rockd underlying
the coal measures just outside the mountains and even very notice-
ably have the same peculiar yvellowish weathering which so much
resembles limestone weathering, although these shales and sandstones
in most places contain very little lime,.

“The high hills of this Cretaceous trough extend in a north-
westerly direction along the west side of Sheep river to within about
three miles of the Elbow river. From here they rapidly disappear
.and the Cretaceous and Jurassie instead of being a high rugged ridge
become a narrow valley In hetween the limestone hills on each side.
The formation, as it were, goes up in the air; so that about three
miles north of the Elbow river it has tapered out entirely. The eoal
also disappears with the high hills, having been all eroded away in
the northern vart of .the basin.

‘At the northern end of this trough the same quartzites appear
as were seen farther south and they outerop similarly on both sides,
proving that this part of the trough is in the form of a synelinal fold.
Along the river the folding of the limestones, also, gives ample evi-
dence of this.

““Phe western contact is high up on the face of the escarpment

at the Elbow river, but as the trough is traced northward it descends,
and finally, at the point of thinning out entirely, reaches nearly the’
level of the valley.

““Some hundreds of feet of dark shales were seen next to the
Paleozoic quartzites here, resembling very closely those around the
Moose Mountains, and they are undoubtedly of the same horizon.
Intercalated in these dark Fernie shales are thin beds of yellowish
brown weathering sandstones of medium hardness and texture and
reddish grey in color.. The shales present in their bedding plaes
quite a soot-like appearance.’’

COALSPUR-LOVETT AREA

An extensive and important coal area, about which little is
known strueturally, lies hetween Coalspur and Lovett on the Alberta
(Coal Braneh in the outer foothills west of Hdmonton. .The extent
of this coal area has not yet been defined, and the age and the rela-
tion between the various eoal seams now being worked has not vet
been determined. A general survey was made of this area in 1920,
but no detailed work wax done. This coal area has been briefly
referred to by Dowling® and Stewart.t

*Dowling, D. B.,, Geol, Surv, Can. Sum. Report, 1909, p. 147,
tStewart, J. S, Geol. Surv.. Can. Sum. Report, 1916, p. 100,
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This basin is veached by a branch of the Grand Trunk Pacifie
Railway which leaves the main line at Bickerdike, ten miles: west
of Bdson. It follows up the Embarras river to Coalspur, thirty-seven
miles from the maiii line. At Coalspur the railway branch follows
up a valley, tributary to the Embarras, in a southeasterly direction
to a low divide, and then down the Little Pembina river as far as
Lovett, at Mile 56, nineteen miles from Coalspur. There are a number
of sidings aloug this branch of the railway, but the position of the
workings is determined by the mile posts svhich represent the dis-
tances from Bickerdike

The main trough in which the coal measures lie is reached at
Coalspur, but a seam rather badly crushed has been opened up at
Minehead, three miles down the Embarras from Coalspur. h

The extent and quality. of the coal in these measures has been
determined by the following mines and prospects:
Mile 37T—Coalspur-Yellowhead Pass Coal and Coke Company, present
output about 200 tons per day.

lile 40——Develépn‘101ﬁ started by Oliphant-Munson Coellieries, but
abandoned swhen visited.

Mile 44-—Near Diss siding—abandoned.

Mile 47— Basin siding—Oliphant-Munson Collieries, present output
abour 1,000 tons per day.

Mile 48—-Prospect—Proposed development work planned.

Mile 50

Mudee siding—Toothills Collieries, outfput abont 200 tons

per day. :

Mile 5134 —Prespect——operations proposed.

Mile 521, and 5214 —Blackstone Collieries, mining and stripping,
» output about 180 tons per day.

“ile 53—DBlackstone Collieries extension No. 6, stripping overburden

when visited.

Mile 54-—Brookdale Collieries. mining operations started.

Mile 554 —Pacific Collievies, capacity output about 90 tons per day.

Mile 56
Beyond this point another prospect was being opened up, but

this loeality was not visited.

Loveit Pacific Pass Collieries, now abandoned.

Brief notes were made along this coal basin beginning at Lovett.
The-depressiou followed by the Little Pembina represents a fracture
or possibly a series of small fractures along the western-limb of an
anticlinal fold, the crest of which lies at most points less than one
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mile to the northeast.” The trend of the structure is about north
45 degrees west, and the dip where observed varies from a few
degrees to the southwest to a maximum of about 60 degrees south-
west. There are local structures where the beds are intensely
buckled and crumpled, but these do not appear to be general.
There are two well-defined coal seams along this belt, which at Lovett
are known as the Mynheer seam below, and the Silkstone seam 191
feet higher up. The limited field work to date has not correlated
the seams in the various mines nor has it determined that these are
the only two -workable seams in this belt. At various points local
buckling has thickened the seams, while at others the scams are un-
disturbed. The maximum amount of buekling observed is at Mile 47,
where the working face in the open cut exposes about seventy-five
feet of eoal. Test holes have determined about 130 feet of coal. The
mines at Liovett nmow abandoned were worked by the Pacifie Pass
Collieries, subsidiary to the North American Collieries.. It is report-
ed that operations ceased here hecause the seams where worked be-
came 80 broken and dirty that the coal could no longer be mined
econoniically. The colliery is being dismantled and several of the-
cottages are being moved to Coalspur.

Two searas were mined at Lovett. The lower or Myinheer is
fourteen feet thick, but less than eight feet was worked. The upper
cr Silkstone ssam runs from twelve to fourteen feet in thiekness.

The strueture in this vieinity strikes about north thirty to forty
degrees west, and the dip is about twelve degrees to the southwest.
The workings at Lovett lie on the westward slope of an anticlinal
ridge, the.erest of which is about three quarters of a mile northeast .
of the railway.

Stewart, on page 101, 1916 Summary Report, gives the following
columnar section compiled.from bore holes put down by the-company
in the vicinity of the mine. - The log record is given as the details

would be of use in future development, at least in the southern part
of the area.

LOG OF DRILL HOLE AT LOVETT

Strata . Thickness

Feet Inches
Band and gravel . il 4 0
Grey shale ... ... 3 0
Grey sandstone ........ .. .. e 25 8
Grey shale ... ... ... . . . .. i A 13 5
Dirty eoal ... i e . 1 0
Coaly shale ... ... . . . 4 0
Coal “*Silkstone seam’ .. ... ... . i 14 * 0
“Clay shale ..o oo e 19 0
Coal o 1 0
Carbonaceous shule .................... S 2 0
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oAl e 4 0
Clay shale .. .. . i 27 6
Sandstone e e e e 20 0
Dark shale. ..... e e e e T e 27 0
Grey sandstone ... ... .. .. e 11 6
Clay shale ....... .. ... . . . .. ... ...... P 3 6
Coarse sandstone ....... ... .. . . ... . S L. 4 0
Boft grey sandstone ....... . 9 §
Coarse sandstone ... ... 11 6
Dark shale ... . ... .. ... . ... ... .. . e 4 6
Grey shale ... . 26 6
Coal 1 0
Fine grey sandstone ....... .. .. ... ... . . . .. . 11 0
Coarse sandstone ............ N 5 6
Bandstome - . 6 0
Mynheer Seam

Coal 6 6

Shale . 1 0

Coal 6 6
Grey sandstonme ... .. . 9 6
Brown shale ... ... . . o 9 0
Bandstone L 1 8
Dark shale ... ... 5 0
Clay shale .......... e e 6 6
Hard shale ... 5 6
Soft sandstone . ... 16 6
Clay shale ... . 1 6
Handstone . e 3 0
Bhale o 3 0
BSoft sandstone .......... . i 20 .0
Hard sandstone . ... ... . '3 0
Clay shale ... . . . . . . 4 0
Shale .o 13 0
Black shale ... .. e 0 6
Clay shale ... .. . 12 6

At Mile 55% Mr. O. L. Puckett and assoeclates are working a
sease of the North American Collieries under the name of Pacifie
Collieries, but when visited little development had been done and
operations had temporarily ceased. The seam being mined was the
lower, or Mynheer, seam, which here dips at 12 degrees to the south-
west. The roef is a massive ferruginous sandstone which disinte-
grates easily and contains many plant fragments. The footwall is
a thin-bedded grey sandstone. An average sample gave the following
analysis, made by J. A. Kelsc at the University of Alberta:

Loss on Air Drying ... . 0 oL 3 per cent

Sample as Received Air Dried

Moisture e e e e e e 9.9 7.1
Volatile matter ... ... .. . . e 51.1 32.0
Fixed earbon ... oL 39:8 410
Ash e e e e 19.2 19.9
Heating value in B.TU. per pound ... ... ... ... .. ... 9,715 9,810

At Mile 54, Brookdale -Colliery is being opeuned up with Mr. J.
Crawford in charge, on legal subdivision 6, section 18, township 47,
range 19, west of the 5th meridian. A sixteen-foot seam has been
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~wpened up in a tunnel, but only twelve feet are being miued, two
feet being left on the roof and the floor respectively.  There appears
to be a local bend in the measures at this point as the dip ranges
from five to nine degrees.

At Mile 5314, the Blackstone Collieries extension No. 6 were
-removing the overburden, which is here about twelve feet thick, for
the purpose of opening a portion of a seam that has been thickened
by local buckling. On the surface the coal is very dirty, but this
does not determine the quality at greater depths.

The same company is carrying on extensive mining and stripping
development at Mile 5274 and 521%. The operations were in charge
of Mr. J. 5. MacDonald, Manager; Mr. Wm. Hunter, Mine Superin-
tendent; and Mr. A, E. Ockley, Surveyor,

From a swall draw east of the railway two tunnels have been
driven. “‘Drift A” extends about 300 feet at north 72 degrees
west, and “‘Drift B’ about 300 fect at south 63 degrecs east. The
seam is considerably crushed, but where exposed in the draw the .
thickness is about 20 feet, and the dip is eighteen degrees southwest.
At the southeast face the seam is about ten feet thick and the coal
is dirty. The ercep is so great that this working was being aban-
doned. At the northwest face about sixteen feet of the seam is being
worked. In one of the raises examined in “‘Drift A’ is a sharp bend
in the seam, and at the surface the seam is nearly horizontal.

At Mile 5214 the erushed coal seam has been uncovered by strip-
ping and the coal is being quarried. At the highest point above the
railway from sixteen to twenty feet of coal is exposed, the upper
part of which is quite rusty. The dip is fourteen degrees southwest
on top, but on the facs of the hill the seam bends downwards, and
‘the dip is 75 degrees southwest. This structure is local but ought to
Le eonsidered in planning future development.

‘Between Mile 49 and Mile 52 the depression followed by the
railway swings to the southwest so that at Mile 50, Mudge siding,
the strike of the coal measures lies nearly one mile west of the strike
at Mile 56. This sudden bend in the topography is due to loeal
twisting and displacement in the measures, but the exact amount of
displacement does 1ot appear to be sufficiently great to prevent the
development of the measures. i '

Between Mile 5114 and 52 on the south side of the Little Pembina
there are a number of prospeets, but sufficient work has not been
carried out on any one of them to determine the character of the
coal or the structure of the measures. The Bituminous Collieries



1]
L1

SEcoND ANNUAL REPORT

own the leases west of the Blackstone Collieries, and it is the intention
of the company to commenee development work on these leases at
an early date A tunnel less than twenty feet in length-exposes
eleven feet of good-looking coal. The roof consists of soft yellowish
sandstone underlain by two feet of earbonaceous shale. This expo-
sure is only about one thow.and feet west of the excavation at the
Blackstone Collieries. i

The following analysic was made from a representative sample
taken aeross the face of the coal in the prospect tunnel; the analysis
was made by J. A. Kelso at the University of Alberta: :

Loss on air drying .......... ... .. e 1.0 per cent

As Received Air Dried
MOIStUre it e 8.2

7.3
Volatile matter . ... ... 334 33.7
Fixed ecarbon ...... e 49.0 49.5
ASh L e . 9.4 9.5
BITU. per 1h. ....0.. O 11,335 11,450

The Foothill Collieries are situated at Mile 50, near the centre
of section 24, township 47, range 20, west of the 5th meridian. Mr.
Wm. Onions is mine manager, and le has given particular attention
to the housing and comfort of his employees. The tipple is situated
close to the rails on the sidings, exeavations having been made in
the side of the valley to make room for the tipple. It was being
‘renovated and partly rebuilt at the time of my/ visit. This lack of
space between the railway and the valley escarpment makes it diffi-
cult to plan any furthar enlargement to the tipple. :

The following seetion was made along the railway close to the
colliery:

1 foot 8 inches Yellowish sandstone N. 4 degrees W. dip 19 degrees W.
6 77 0 77 (loaly shale and dark shale. ,
1 7 0 77 Thin-bedded sandstone.

T 76 77 (eal

¢ 710 77 Clay

1 7 0 7 {oaly shale.

6 70 77 {Loal

1 770 77 (lay shale.

3770 7 Coal

Mining is beiug ecarried on down the dip which ranges from
twelve to fifteen degrees. There is an increase in the dip towards
the bottom of the workings which is abouil 600 feet on the piteh.
There are also small rolls in the floor. From the incline shaft drifts
and rooms have been opened up connected by chutes, and mining
- up the piteh is being extended. The working face consists of six
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feet of clean coal and one foot of clay underlaid by three feet
of coal. The clay band is very irregular, and in one of the rooms
widens to two feet. This irregularity is due to a certain extent to
buekling. The mine is eomparatively dry and like all others in this
district, free from gas. The following analysis of a sample taken
from the woriing face, represents the average grade of coal being
mined at this point:

bLoss on air drymg ... . oL, 1.0 per cent

As Received Air Dried
Moisture ... . 6.4 55 -
Volatile matter ........ ... . . i, 36.3 36.7
Fixed earbon ... ... ... i 48.8 492
ASh 8.5 8.6
Heating value in B.TU. per b, ............. e 11,525 11,640

At Mile 43%% on the east side of the railway there is a small
prospect, which shows ten feet of coal with a yellowish sandstone
roof and a shaly bed on the floor. The dip varies from fifty-five
to seventy-five degrees to the east and the strike is north five degrees
west.  The seam looks similar to the one in the mine at the Foothills
Collieries, and if so there is & distinet fold passing between this
prospeet and the railway. The following analysis was made from a
representative sample from this seam:

Loss on alr drying .................... 7.2 per cent

. As Received Air Dried
Moisture ... 0 17.8 115
Volatile matter .......... ... ... ... ... ... . ... 319 34.3
Fixed earbon . ....... ... ... 00 o 40.1 43.2
Ash 10.2 11.0
Heating value in BJPU. per 1h. .o, 9,735 10,490

The moisture is high in this analysis because the sample was
taken from a point almost on the outerop and should not be regarded
as representative of the seam farther in,

The Oliphant-Munscen Collieries are in operation at Mile 47. Here

the coal seam has been buckled up to such an extent that there
. appears to be an unbroken seam of immense thickness. The coal so
< buckled has been stripped of the overburden, and the excavation
when visited showed about seventy-five feet of solid coal. Test holes
which have boen put down show that the thickness at this point is
about 130 feet. On closely examining the face of the quarry distinet
evidence of erumbling and buekling ean be seen, so that this deposit
only represents a thickening caused by mountain building move-
ments. The seam so thickened was not observed, but there is no
reason to believe that any seam occurs here of exceptional thickness.
Preparations were being made to load the cars with a steam shovel.
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The coal is mueh broken but the guantify is attraective, and with
the exception of cerfain dirt bands partieularly towards the surface
the whole mass can be utilized for railroad purposes. When I visited
this point the output was about 1,000 tons per day. The entire out-
put is used for steam purposes. ’

The anticiinal fold which was noted n(frtheast of Lovett was
observed within a mile of the working at Mile 47. At Coalspur the
Yellowhead Pass Coal and Coke Company are mining on the same
measures, but no details were cbtained regarding the structure at this
‘point as the time was limited for field observation. This mine is
under the eharge of Mr. George Baton, and the output in 1920 was
about 200 tons per day.

These notss arv of necessity fragmental, because the problem in
connection with the strueture of the coal measures in this district is
one which will require considerable time. It is nevertheless
- important that the geological structure in this basin should be
definitely determined, in view of the immense reserve of coal that
has been proven by the mines in operation, and also because large
sums of money have been and are being expended for the develop-
ment of this field. In general it may be said that the coal is of
a non-coking bituminous type. Much of the-coal is best suited for
steam purposes as very little attempt is made to extraet the foreign
material in the various mines now operating. This distriet under-
fain by the coal measures is also being considered for petroleum,
and numerous leases have been taken for oil since November, 1920.

MOUNTAIN PARK BASIN

At the head of the east fork of the McLeod river there is a
Kootenay coal area, and in it Mountain Park Collieries are operating.
The Mountain Park eoal braneh has been econstructed and maine
tained by the company from Coalspur to the property, a distance
of about thirty miles to the southwest. This basin lies just west
of the front range of the Roeky Mountains, and the mines are
:ocated at an elevation of 5,800 feet above sea level, between ridges
which rise about 2,000 feet higher. I was unable to visit this
volliery, but on aceount of the recent interest being taken in the area
a short distance to the east, as containing a possible oil field, the
following notes are included from the Summary Report for 1916 by
o, 8. Stewart. page 102,

. ‘“‘The structure, though simple in its large features, is complicated
_in detail.  The coal measures here form part of one of those large
fault blocks so eharacteristic of the Rocky Mountains. The only
exception to the dominant southwestward dip are local folds in shales



58 Tur MINERAL RESOURCES OF ALBERTA

and drag folds on the northeast side of thrust faults. In this region,
the northeastern faces of both the first and second mountain ranges
are the /ocz of major thrust falts. The trend of the mountain ranges
is very irregular and the strike of the coal measures between fthe
‘mountain ranges shows considerable irregularity. At the townsite,
+he strike is about 60 degrees west of north and the dip 30 degrees
southwest. As we proceed northwest the whole basin is seen to piteh
toward the sountheast and a tight syneline causes the uppermost part
of the coal measures to be repeated at the southwestern side of the
‘hasin. The western limb of this syncline is overturned and a eoal
ceam ounteropping at the edge of the second range of mountains, and
Jipping southw est, has the appearance of being overlain by the thick
limestone ‘series which forms the mountains. Kast of the townsite,
several small folds, which plunge steeply toward the cast, cause the
strike to chanze greatly within very short distances.

“The basin shows a continuous section from the Palaeozoie
limestones and quartzites tc the Upper Cretaceous. The Jurassic
represented by the Fernie formation, is composed of dark, brownish
weathering shales, limestones, and black shales of marine origin.
The shales of the Fernie formation holding marine fossils, grade up-
ward into similar black shales with arenaceous and calcareous bands.
In these upper shales mo marine fossils were found, and, after a

stratigraphic ;aterval of abeut 200 feet has been passed, the shales”

show numerous and well preserved ripplemarks and plant remains
make their first appearance. If the uppermost bed which contains
marble fossils is the top of the Fernie formation, this formation has
a thickness of about 1,000 feet, but some of the brown shales at the
base may be Triassic. Overlying the Fernie is the Kootenay forma-
tion composed of shales, sandetones, conglomerates, and coal beds.

The true thiclkness of the formation Is hard to obtain on account

of the disturb=d condition of the rocks. Making allowance for dupli-
cation, however, the total thickness must be about 3,000 feet. The
lower half cousists mainly of shales; the upper half consists of econ-
glomerates, sandstones. shales; and coal seams.. The productive coal
measures are confined to the upper 1,000 feet of the formation. The
contained fossils are wholly of continental origin, consisting of plant
remains and a few freshwater molluses.

“Overlyine the Kootenay formation is a series of grey sand
-stones, and thick-bedded sandy shales, with a conglomerate bed at
the base, This series is about 400 feet in thickness and is generaﬂ,y
assigned to the Dakota formation; fossils observed consisted of two
or three tree ‘runks, twelve to eighteen inches in diameter, and a
few obseure impression of leaves and rootlets. *
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“The Dakota series grades upwards info dark grey fissile shales
very similar in appearance to the Benton shales of southwestern

_ Alberta, These shales contain marine fossils, Inocerami and Prino-

cyeulus types being the most common. This series is about 1,150 feet
in thickness and is probably to be correlated with the Blackstone
chales of the Bighorn coal basin.* These Blackstone shales are over-
lain by .about seventy-five feet of sandstone and conglomerate in
which no fossils were observed. The stratigraphic horizon and the
litholpgic eharacter of these rocks suggest their provisional eorrela-
tion with the Bighorn formation described by Malloch.

““Overlying this Bighern series is another series of shales very
similar to the shales beneath. A complete section of this upper shale
formation is not present. They are poorly exposed, much disturbed,

and faulted. A few marine fossils were collected from these beds -

but have not yet been determined.

“The Kortenay formation contains many ecoal seams in this
basin. Two of these are worked by the Mountain Park Coal Com-
pany. No. 1 seam, the uppermost, is seven feet thick; the other seam,
known as No. 3, lies about 300 feet below No. 1 and is over 20 feet
thick in places, but of this only twelve feet is mined. These seams
have been opened up by slupes and tunnels on both sides of the
valley. The workings on the east side have already penetrated over

8,000 feet, and -on +the west about 2,000 feet. The average daily out-
put in August this year was about 400 tons.”’

The coal is coking bituminous. Offieial representative samples
eollected by the Distriet Inspector of Mines were analyzed by Mr.
J. A. Kelso at the University of Alberta. The following results were
obtalned. ) ‘

Moisture ... e 0.8 0.9

Volatile matter ...................... 255 to 29.9
Fixed ecarbon ................ e 62.8 to 67.7
AN L e, 6.0 to 6.4
B. T. U. i iiiniiiieiniin ey 14,190  to 14,330

* Two seams are being worked. No. 1 is seven feet thick,
of which four feet are mined; No. 3 seam 300 feet below No. 1
is twelve feet thick where mined, but the seam in places is over
20 feet thick Both seams are gaseous. The coal is used largely for
railroad work.

About eight miles north of Mountain Park is the Cadomin mine.
No details regarding the structure were obtained on this area. The
output of the two mines in this branch for 1919 amounted to about
274,300 tons. .

*Malloch, G. 8., ‘‘Bighorn Coal Basin, Alberta,’’ Geol. Surv, Can., Mem. 9.,
pp. 35-36.

»
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A new prgperty, knowr. as the Mary Grelg mine, is being opened
~up west of the Cadomm

The structure close to and behind the front range of the Rocky
Mountains is decidedly complex and requires detailed field investi-
gation to determine the character of the measures along the strike
of the structure. The Mountain Park area corresponds to the Poca-

bontas and Bedson coal area on Athabasca river, whereas Cadomin

and Mary Greig areas appear to correspond to the Brulé Lake
and Folding Mountain areas. .

BRAZEAU COAL AREA

The Brazeau coal basin lies north of the North Saskatchewan
" river, west of the Brazeau range, which here forms the front range
of the Rocky Mountains, and almost. due west of the town of Red
‘Deer. A branch of the Canadian National Railway extends west
from Stettler a distance of about 180 miles. Nordegg, at the end of
this branch line, is situated within the Brazeau coal basin. The coal
measures in this basin are of Kootenay age, but rock exposures are
rare, as there is a thick covering of glacial drift. The Brazeau
Collieries located at Nordegz are working these measures. There
are five coal seams knewn, but at present two seams of coal are
being mined known as No. 2 and No. 3. These oceur in southwest
dipping Kootenay beds which overlie the beds in first limestone
range of the mountains, known as the Brazeau range. '

No. 2 seam is the lower seam stratigraphically and has a thlck-

ness of seven feet. No. 3, the upper seam, is over fourteen feet in'

" thickness. The two seams are about 500 feet apart horizontally
at the mine and the stratigraphie difference is 100 feet. .The general
dip of the measures is about 12 degrees toward the southwest,
although some of the shale members show local variations in dip.

This structure does not affect the more resistant beds which overlie

the first limestone range of the mountains, known as the Brazeau
range.

The mine entry is about 160 feet above railway level, and the

workings extend about two and a half miles from the entry. At
present the seams are being mined up the dip, the coal is lowered by
~ gravity torthe main tunnels, where it is hauled by electric trolleys
1o the tipple. The output is from 14,000 to 15,000 tons per day and
approximately 500 men are employed. Mr. J. Shank$ is mine man-
ager and Mr Stewart is mine superintendent.

The coal is bituminous coking variety and is used almost entirely
for railroad consumption. On account of the heavy overburden and

W
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the position of the seams between limestone ranges, the coal is in a
finely divided condition, but is well suited for the purpose to which
it is put,

A representative analysis of this coal made by J. A. Kelgo at the
University of Alberta is as follows:*

B 3 T 2 N P 0.8
Volatile matter ..... .. .. .. i 16.0
Fized earbon ...ovvien i e 68.2
A e e 15.0
BT . e e e 13,000

On account of the recent attention which has been given to the
inner. foothills between the North Saskatchewan and the Athabasca
as a possible field for petroleum development, a few additional notes
are here given from the 1916 Summary Report of the Geological
Survey by J. 8. Stewart. To these notes are added the log of drill
kole No. 2 Brazeau Collieries which was worked out by Stewart
from the cores carefully preserved by the company. His report
follows ;1 : ‘

““The rocks which compose the Brazeau range are mainly lime-
stones. The cross section through the anticline along the railway
reveals a thickness of about 1,750 feet of Paleozoic limestones with
188 amounts of quartzite and caleareous shales. These beds ineclude
both Devonian and Carboniferous strata. Overlying this, there are
-about 900 feet of shale with several limestone beds whieh, on the
basis of a few belemnite fossils, are referred to the Fernie formation
(Upper Jurassic); some of the lower shale beds, however, may be
Triassie, as shales of this age are believed to oceur to the west and
ulsg south of this seetion. ‘

“‘The Fernie formation is overlain by the Kootenay, which here
consists of shales, sandstones, and coal beds with a few lenticular
leds of limestones The deposits are of continental origin, the fossils
being mainly fern-like plants; but a few horizons carry a fresh-
water molluscan fauna. Near the base of the formation there is a
thick bed of conglomerate. the base of which is not exposed; the
contaet with the Fernie formation lies somewhere between the eon-
glomerate and a belemnite‘-bearing limestone about. 400 feet below
the surface.

““The coal-bearing strata belong to the Kootenay formation, but
the rocks of the Kootenay and formations immediately overlying are
rarely exposed. being concealed by thick deposits of glacial drift.”’

*AHan, J.A., First Ann. Rept., Mincral Resources of Alberta, 1919, p. 49,
tStewart, J. 8., Geol. Surv., Can., 1916, p. 94,
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LOG OF DRILL HOLE No. 2 BRAZEAU COLLIERIES*

0 — 6
6 — 12
12 — 21
21 . — 29
28 — 36
36 — b3
53 — 64%
6414 83
83 — 92
92 — 94
94 108
]OS ~—111
111.6 ~-118.6
118.6 —128-
123 —132
132 —135
135 —140
140 —144
144 —149
149 —-153%

1531416114

1611417314

173%4—180%%

1801)—1904

194
206
213
224

o 10

[ W)

23
23

238
240
242
251
256
258
261
263
268

283
284
285

—206
—213
—224
—232

235

940
—242
—951
—256°

—257Y%

—261
—963
268
—283

-—284
—285
—2891%

289120414
99414303

303

318

232
435

—318
332
—335
—346

Strata
Soil.
Shale.
Snale, soft grey.
Sandstone.
Girey shales.
Sandy shales, greenish grey, extremely friable,
Mostly shale, friable, greenish grey in color. The lower two fect
is more solid and better cemented.
B;\ndy shale, dark greenish grey.
Sundy shale, greenish grey, friable.
Sfmdv shale, greenish grey, friable.
Shaly sandstone, fine-grained, dark grey with a little carbona-
ceous material.
Carbonaceous shale followed by three inehes of coal.
Carbonaceong shale followed by another three inches of coal

Carbonaceous shale: from 114 to 118 feet these shales yielded

several well- pxmel\ed fossil plants,
Shaly sandstone, dark grey carbonaceous, with p]ant material.
RBandy shale, black carbonaceous.
Sandstone, grey, fine-grained, comparatively light in eolor.
Sandy shale, firmly (*ementcd viclds a solid core, dark grey in
color.
Sandstone, grey, with small amount of darbonaceous material.
Randstone, grey, very fine-grained.
bhdlb, dark grey, very friable, contains considerable calbona
eeous material. )
Shale, black and carbonaceous, contains mueh black - shiny
vegetable remains.
Shale becomes more massive, h’ud r, and contains less carbona-
caous material.
Shaly saundstone, fine-grained, slightly earbomacecous.
‘sl ale, dark grey. ’

n(hf(‘ne, grey, fine-grained.
Sdudatonc, grey, with numerous carbonized plant fragments.
Sandstone, comparatively light grey, fine-grained, eon’mms a
small amount of carbonaceous matter.
Shale, dark grey, friable, carbonaceous.
Sandstone, grey, fine- gmmed dark in color with numerous small
specks of coaly matter; the rock is firm and hard, yielding a
sodd core.
Sandy shale, .carbonaceous.
Sandstone, grey, medium-grained.
Sandstone, grey, fine-grained, somewhat shaly at about 246 feet.
Grey shale.
Sandstone, fine-grained, one-quarter inch coal.
Shale, dark grey, friable.
Shale, dark grey, coaly and friable.
Sandstone, black, fine-grained and shaly, and carbonaceous.
Shale, carbonaceous, hard and massive in many places, with
many small plant impressions throughout, becomes sandy at
about 280 feet. ;
Coaly shale.
Coal.
Black coaly shaie,, very friable.
Coal. ..
Shale, dark grey, friable, quite sandy, almost sandstone in places.
Sandstone, shaly, dark grey, very fine-grained.
Sandstone, dark grey, fine-grained, hard and massive, yielding
a long solid core, shaly toward top and bottom.
Sundstone, dark grey, fine-grainad.
Sandstone, grey, medium-grained.

*Stewart, J. 8, Geol. Surv,, Can, Sum. Rept, 1916, p. 96.
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446

563 —377
377 383
383 398
398 —402
402 —403
403 . —404
404 —408
408 —415
415 —418
418 —431
431 —448
448 —451
451 —455
455 —462
462 —481
481 —491
491 —499
499 —506
506 —515-
815 —B633
536 —D48
548 —551
561 —555
555 —b63
563 —568
568 —572
572 —576
576 578
578 —581
581 —b84
584 —585
585 —>589
589 -—592
592 —593
593 —695
595  —5956
596 —5H97
597  —604
604 —608
608 —617
617 -—631%
63116—643
643 —660
660 —670
670 —681
681 —699
699 —717
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Strata
Sandstone, grey. with numercus small specks of carbonaceous
matter, medinum to fine-grained, yields long solid eores.
Sandstone, hard grey with considerable carbonaccous matter
and a few coaly streaks, fine-grained.
Sandstone, fairly coarse, well eemented and hard. Carbonaceouns
with coaly matter, otherwise the sandstone is pretty clean.
Coal. {Beam No. 3.) :
Shale, sandy, black and carbonaceous.
Shale, carbonaceous, containing plant remains.
Shale, black, carbonaceous and friahle.
Sandstene with plant remains, fine-grained, dark grey.
BShale, sandy, black, carbonaceous, friable.
Shale, black, carbonaceous with plant remains somewhat - fissile,
Black shales, very:friable, carbonaceous and coaly for .about
two feet (418 to 420).
Shale, dark grey, extremely friable, with mueh carbonaceous,
coal\’ matter at about 446 feet.
Swndstone, fine-grained, dark grey, carbonaeeous.
Shale, sandy hwhly carbonaceous and black, econtaining many
plant fragments.
S‘mdstone, fine-grained, carbonaccous, dark grey.
Sandstone, grey. c'ubonaceous with numerous ecoaly plant im-
pressions, fine-grained.
Sandstone, fine-grained, carbonaceous, becomes shaly toward 490
feet passing into coaly shale and coal
Shale, black to dark grey.
Coal. {(Seam No. 2.)
Sandy shale, dark grey with considerable carbonized plant remains.

Shale, black and extremely friable, sandy, and carbonaceous.

Shale, sandy, dark grey, somewhat greenish in places, rather
friable. ) )

Bilack ghale, friahle, carbonaceous.

Sandy shale, hard, dark grey.

Sandstone, fine-grained, with numerous small fragments of
carbonized plant material.

Shale, dark grey carbonaceous and firm, two small specimens
of plants were collected.

Bandy shale, grey, fine.

Siale, carbonaceous and extremely friable.

S‘mlo, sandy, dark -grey, fairly massive, and hard, also somewhat
earbonaceots. .

Shale.

Black shale.

Coal.

Sandstone, dark grey, carbonaceous.

Carbonaceous %halv sandstone.

Canl,

Carhonsceons shale.

(al.

Shale, dark grev.

Sandstone, grey, medium to fine-grained. «

Shale, dark’ arey, mthm friable Wl’rh a small amount of earbona-
eeous wmatter.

Grey sandstone.

Mainly dark grey sandy shales, fairly fissile and becoming more
sandy near 631 feet

Shale, firm, calcareous, vielding a solid hard core.

A rapid alternation of dark grey sandy shales and ghaly sand-
stones, all fine-grained.

Sandstone, grey, hard, and yiclded a long firm core.
Carbonaceous shales, sandy.

Sandy shale, black and grey, highly earbonaceous, apparently
due to plant material (no fossil noted).

Black carbonaceous shales, coaly about near 699 feet.
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Depth in Feet Strata

717 —723 Blaek earbonaceous shales, very friable, become caleareous near
723 feet and contain a few molluses.

723 --729% Onrbonaceous shales with bands highly ealcareous, in places

almost limestone; the fracture along the bedding is commonly
black and glistening.

729Y,—739 Shale, caleareous, carbonaceous, somewhat fissile; contains plant
and mollusean fossila.

739 —757 Shales, ecarbonaccous, fairly fissile, contains a -considerable
namber of bivalves at about 746 to 750 feet. :

75T —T77 Black shales, contain small bivalves about 760 to 763 feet.

777 —1782 Black sandy shale.

782 —789 Shaly sandstone, fine-grained, black and carbonaceous.

789 —807 Mainly black friable shales with a little sandstone near the

base. The shales contain numerous small fragments of shells
and small pieces of pyrite.

807 —811 Biack siliceous shale, rieh in fossil molluses from 809 to 811
feet, bivalves gastropods.

811 —813 Sandstone.

813 -—817 Shale, grey and carbonaceous.

817 —820 Sandstone. .

820 —827 Srale, carbonaceous containing numerous small bivalves.

827 —833 Carbonaceous limestone, also containing numerous small bivalves.

833 —843 Caleareous sandy shales, earbonaceous, yields a fairly solid core,
muny hzwments of shells,

843 —846 Sandstane, dark grey, carbonaceous, fine-grained.

846 —849 Shale, calecareous, hard, and massive; fossil plants and casts of
molluses.

§49 —851 Cualy shale.

£51 ~—856 Sandstone, fine, hard, beecomes shaly and earbonaceous toward
856 feet. ;

856 —860 Grey shale.

&60 —863 Sandstone.

863 —874 Durk grey shale.

374 —876 Carbonaceous shale, contains a few molluses.

&§76 —891 Mainly fine- glamed sandstone, earbonaceous, with both plant
and animal remains.

£91 —892%, B'ack shale with mollusean remains.

802%5—0902%% Black shale, well cemented and fissile, almost the entire thick-
- ness of ten feet is highly fossiliferous, containing numerous
gastropods and small bivalves which show econcentric striae.

80234—0806 Black shale with a few bivalves.

906 —925 Shale, caleareous, and limestone, mainly the latter, eolor of rock
mostly dark grey

925 —0383 S‘nale black, carbonsccous and somewhat i'1ss1le.

433 —045 Sandstone, shalyi fine-grained, dark grey.

945 —046 Carbonaceous shale, sandy, black, plant remains.

946 —860 Mainly sandstone, dark. grey, fme grained, carbonaceous in the
more shaly beds.

460 - —870 Shale, extremely friable and erumbly, carbonaceous.

970 972 Aghy grey, friable, clay shale.

972 —974 Black shale with coaly matter.

974 —082 Sandy shale, becoming practically a finc sandstone near 982

: feet, dark grey in color.

982 088 Saady shale, earbonaceous,

088 —990 Arenaceous limestone.

090 -—1001  Arenaccous limestone.

1001 —1010  Sandstone, grey, fine-grained, firmly cemented, dark in color.

1010 —1012  Shale, black and carbonaceous.

1012 —3015  Sandstone, fine-grained, shaly, dark grey.

1015 —1018  Sandstone, fine-grained, caleareous, and ecarbonaceous.

1018 —1025 Sandstone, fine-grained, black and highly ecarbonaceous, hard

and weli cemented.

1025 —1026 © Sandstone, very fine, earbonaeeous.

1026 —1034  Sandstone, medium- -grained, fairly light grey, very hard, amd
: containg much pyrite.
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Depth in Feet Strata

1u34—1040  Sandstone, hard, dark, grey, eontains mueh pyrite, also is mchned
to be more hmb]e, tiner and shaly.

10401049 Limestene, firm, hard, shaly, beénmmg and ending with rather
friable ca]cﬂ.reous shale.

10491054  Carbonsceous shale, bldack, contains numerous plant remains,
swall parallel veined leaves. ‘

105 Dark grey shale

1059—1060 = Calcareous shale.

1060—1065  Carbonacecus shale, fairly massive, caleareous near top.

1065—1069  Shale, black earbonaceous, becomes practically a limestone at
about 1067 to 1068 feet.

1069—1077  Mainly a fine-grained sandstox}e, dark grey, contains numerous
plant imgments

1077—1090  Hard, rine-grained sandstone with a small amount of carbona-
ceous matter.

1090—1096  Sandy shale, dark grey, vields a solid eore.

1696—1100  Shale, dark grev, extremely friable. "

11001117  Mainly sandy shale, extremely friable, the core being in erumbs,
small amount of carbonaceous material, color: dark grey.

1117--1120  Shale, carbonaceons. very friable and erumbly.

1120—1131  Sandstone, dark grey, fine-grained, shaly but yields a fairly
solid core

1131—1141  Sandstone, grey very fine-grained, contains a few fragments
of fern fronds at about 1154,

11411158  Sandstone, dark grey, ecarbonaceous, fine-grained.

1158—1170  Sandy shale, darks greenish grey, extremely friable.

1170—1183  Shale, dark grey to black, slightly earbonaceous. .

1183--1190  Sandstone, tme grained, becommg mediym  to coarse-grained
near 1190 feet, ’

1190—1200  Shaly sandstone, hard, fine-grained. carbonaceous, but without
preserved remains.

“The gencral dip of the beds is about 12 degrees toward the
southwest. The dip of the massive competent beds ig quite regular.
t'he shales show local variations in places.

“The log, however, does not show the true thickness of the eoal
seam, as the coal is extremely friable and does not yield a eore. In
the course of prospecting ths company has found five coal seams,
mﬂy two of these, however, are worked. These seams are known
respectively as No. 2 and No. 3. No. 2 seam is the lower and is about
seven feet thick on the avsrage. No. 3 seam is about fifteen thick.

“Development work on No. 2 scam has penetrated over 4,000
feet from the tunnel moutlh and on No. 3 seam it has reached 3,500
feet from the entry. At the time visited, this colliery was shipping

1,200 to 1,500 tons of coal a day.”

PEMBINA COLLIERY

The Pembina mine is situated on the west side of Pembina river,
at Evansburg, on the Canadian National railway about seventy miles
west of Edmonton. Sections of the surface formations are well ex-
posed along the banks of Pembina and Lobstick rivers, whieh flow
in deep valleys about 200 feet below the general level of the country.
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Between the two railway bridges over Pembina river there ig ex-
posed below the sucfdce soil, approximately twenty-five feet of light
vellowish sandstone, twenty-five feet of soft massive grey sandstone,
and nearly a bundred feet of shales and shaly sandstone.

The strata are nearly horizontal except for occasional small local
rolls. The mine is operaled by the North American Collieries and
Mr. J. McLeod is mine menager. The output when the mine was
visited was about 700 tons 2 day, and the seam is mined by a vertical
shaft about 305 feet deep. The mining development at the present
time is towards the north,

There are two distinet eoal seams, the upper seam, No. 1, is 22
feet 6 inches in thickness, but has been abandoned on aecount of
the many clay partings and sulphur bands whieh it contains. No. 2
seam, which iz the one that is being worked, is 7 feet 6 inches in
thickness, of which the lower six feet iz extracted and eighteen
inches of the top coal left for a roof. This makes an exceptionally
zood roof and requires very little timbering. The mine is compara-
tively dry and gas is found in very small quantities. Only electric
lamps are used. The coal is machine-mined by electrical coal cutters.
All haulage is done by storage battery aund trolley locomotives.

The coal seams oecur near the top of the Edmonton formation
which belongs to the nppermost Cretaceous period. The sandstones
and possibly the shales which are exposed on the surface belong to
the Paskapoo Yormation. The coal is of domestic guality and is used
principally for this purpose, but the small sizes give very good resulis
under power house boilers.

The guality of the e¢oal is best represented by the following range
of analyses from three representative samples colleeted under the
‘direction of the Mines Branch, and analyzed by J. A, Kelso in the
Industrial Labcratory at the University of Alberta. These were given
in the First Acnual Report, 1919, p. 49

Moisture . ..o i i 15.8 to  18.0
Volatile matter ....... . .. .. ... 286 to 307
Pixed earbon ... ... ... ... ... . e, 423  to 436
Ash e e e 8.5 to 11.3
B.T. U, ... . e 6,030 to 9,480

The shaft is in the southeast quarter section 30, township 53,
range 7, west of the bth meridian. The elevation of the top of the
shaft is 2,526 feet above sea level. The following section in the shaft
was obtained from the records of the company:
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SECTION IN SHAPT AT PEMBINA MINE

Thickness »

Strata
Feet Inches .

1 O Surface loam

18 6 e Yellow eclay

29 6 e Light grey sandstone

198 B e Blue and grey shale

3 O e Coal
3 2 e e e Carbonaceous shale
1 2 Coal
0 PP Clay shale
0 N Coal
0 2 e e Shale
2 B e e Bony coal
0 10 No.18eam.............. Coal
0 5 e i e Bony coal
8§ L Coal e
0 2 S Shale
3 W e Coal
0 L e Shale
2 4, Coal (clean)
3 2 Clay shale

26 O e Sandstone
3 U Clay shale
1 G e LCoal
0 1 e e Clay - shale
3 11 No.28eam.............. Coal
0 10

CARBON COAL AREA

Sandy shale

A new arca of domestic ecal is under development on Kneehill
ereek, about twenty miles west of Drumbheller, in township 24, range

23, west of the fourth meridian.

The eoal seams are exposed on the

surface, lying nearty horizontal, and belong to the uppermost mem-

bers in the HEdmonton formations.

A single specimen was analyzed

at the University of Alberta and gave the following results:

Loss on air drying .,ovviiiin ooiaan 5.6 per cent

As Received - Air Dried
MoOIStUIe it it e e e e e e 17.38 12.42
Volatile matter ... . . e 30.92 32.75
Fixed CarbOIl ..ot e e e e 45.02 47.69
73 ¢ 673 7.4
BIU. per b v i 9,620 10,190
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IRON

LOWER MACKENZIE BASIN

Oceurrences of iron ore in the Lower Mackenzie River vaﬂey
have been noted by Dr. E. M. Kindle in 19197

The most northerly occurrence which Dr. Kindle observed is
represented by thin bands of limonite, less than ten inches thiek, in
shales of Cretacecus age which outerop along a large stream entering
ihe Mackenzie five miles above the ramparts and thirty miles south
of the Aretic Cirele.

A one-foot band of limonite near the top of Silurian reddish
gypsum-bearing shale is also noted as occurring on the southern slope
of Bear mountain near Fort Norman. - A bed of lignite coal of fair
quality oceurs within three miles of Bear mountain. A five-foot bed
of lgnite coal is exposed in the bank of the Mackenzie at Fort
Norman.

Kindle states that the most promising bed of iron ore known
in the Mackenzie valley is a twenty-foot band of hematite which
outerops twenty miles east of the river, on the eastern escarpment
of a mountain range that represents the eastern face of the Franklin
mountains. ‘‘The thickness of the ore and its relations to the beds
in which it oceurs are shown in the following section, measured in
descending order, on the eastern slope of Cap mountain near the
eastern end of an Indian trail that leaves the Mackenzie at the mouth
of a ravine about one mile north of Wrigley. The total thickness of
ihis section is in the neighborhood of 5,000 feet, but only the part
sxposed in the eastern face of the mountain is given here.

Red quartzite and sandstone (summit of mountain) Dip 10 to 15 degrees

B0 WS L e e 500
Red shale and forrvginous sandstone ... ... il o 50
Y T 0 3 - S 20
Red sandstone with high percentage of iron ... ... i 50
Dark 8hales .. o e e e e 150
Greyish to drab shale ... i i 225

‘““ Average samples colleeted from each of four different levels in
“the bed indicate a rather siliceous ore too low in iron to be commer-
cially valuable at the present time. A composite sample made from

*Geol. Surv., Can., Sum. Report, Part C, 1919, p. 2.
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equal weights of these four camples was found on analysis® to contain
metallic iron, 12 pev cent. A selected sample eollected by Mr. Joseph
Hodgson of Fort Wrigley gave the following analysis: |

Iron metallic ... ... ... .. . i 56.01 per cent
Siliea —......... N 1542 per cent
Sulphur . 0.014 per cent
Phosphorus ............. e s 0.031 per cent

“Five or six hundred feet of hovizontal exposure of this ore was
examined and showed 3o noticeable variation in thickness. Though
this bed of ore has not been seen in any other seetions, its considerable
thickness appavently justifies the expectation of a vather extended
distribution in a north and south direction, which is the direction of
3ts line of probable outerop.”’

The hematite ore on Mount Cap is placed in the Upper Silurian
series.

A sample of shaly hematite analyzed by J. A, Kelso at the Uni-
versity of Alberta gave:

Insoluble siliceons residue ....... ... ... ... ... ......... 66.42 per cent
Oxide of dron ... 26.44  per cent
Oxide of aluminum .......... ... ... ... .. ... . ... ... 4.38 per cent
L .00 per cent
Magnesia ..., . .00 per cent
Lioss om dgnition ... ... i 2.08 per cent

Equivalent of oxide of iron as metallic iron .............. 18.49 per’ cent

If this sample is reprisentative of the body of the deposit the
high silica content and low iron would not make this deposit a com-
mercial ove. Keele® in 1910 reports an occurrence of hematite 50
to 100 feet thick coarsely laminated with red siliceous slates about
100 miles west of the Mackenzie on the Gravel river whieh enters
the Mackenzie four miles above Fort Norman. ‘‘An assay of an
average sample of this ore was made at the assay office of the Mines
Branch, and gave only 25 per cent of iron.”’

SHEEP RIVER DEPOSITS

The occurrence of iron along the Sheep river outside the moun-
~ain was discussed in detail ‘n the ‘“‘First Annual Report on the
Mineral Resonrces of Alberta,”” page 65. In that report I stated
in referring to the deposits on the south fork of Sheep river near
the junetion of Maccabee creek; that although a report had been
circulated that this deposit contained 2,400,000 tons of iron ore
analyzing 29.9 per cent wmetallic iron, I had not found up to
that time “‘a single ton of roek exposed in that section that could

*These analyses were made by the Mines Branch, Dept. of Mines, Ottawa.

"Keele, J.,, ‘A Heconnaisance Across the Mackenzie Monntains, ete.,’’ Geol.
Surv. of Canada, 1910, p. 50.
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be classed as iron ore.” This report has been critieized severely,
and it has been stated that the real deposit of iron was not ex-
amined. In order to verify my statement interested parties forward-
ed two samples from this deposit for analysis. One sample contained
iess than 1.05 per eent oxide of iron, whieh represents about 1 per
cent metallic iron, The other sample of ironstone nodule gave 4.75
per cent iron oxide, which represents about 3 per cent metallie
iron. Analysess of samples which T collected and which are ineluded
on page 66, First Annual Report, 1919, showed 4.55 per cent metallic
iron in one and 4.03 per cent in the other. These analyses are con-
siderably lower in iron content than those made from samples whieh
1 eolleeted in 1919. These results emphasize my statement that the
sron eontent in this formation is low and the deposit is of no economic
umportance. 1t is unforiunafe that even yet attempts are being made
to interest the publie in this unimportant oceurrence of iron oxide.

During the past summer further field investigations were made
of the Benton shales, in which the iron is supposed to oeeur along
Sheep river and Highwood river. Benton shales are exposed at a
number of points where the viver cuts transversely through the
formation. Particularly good exposures are to be seen along Sullivan
creek between the bridge and the point where it enters the High-
woond. These shales are siightly ferruginous and contain clay iron-
atone bands similar to those on Sheep river, but even in this section
there can be no beds which can be considered as economic deposits.

OCHRE

Spring deposits of vehre ave very common throughout the prov-
inee, particularly along the banks of rivers where the surface water
which is civeulated through superficial deposits comes to the surface
again, The waters in these springs are highly charged with iron oxide,
a few with manganese oxide, and these minerals are deposited about
the springs. The guality of the ochre in many of the deposits is of
high grade, but the guantity in most cases is small, so -that the
deposits are generally regarded as of little commercial value.

During the summer of 1920, a field examination was made of
a deposit of ochre which occurs north of the Saskatchewan river
below Pakan, and which has been freguently spoken of as a very
jarge deposit of bog iron. This deposit is gituated towards. the
headwaters of Red Clay creek, a tributar} to the North Saskatche-
wan river, ten miles east of Pakan, in seetion 86, township 58, range
15, west of the 4tk meridian. The deposit lies about ten miles from
the nearest railway, whieh is at Smoky lake.

*Allan, J.- A, Minéral Resources of Alberta, 1919, p. G66.
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The extent and quantity of ochre available was proven by sink-
ing test holes with a six-ineh auger. R. L. Rutherford, who, as
field assistant, carried on these tests, describes the deposit as follows:

‘“After making a general survey of the country for two or three
miles around the deposit, test holes were sunk with a six-inch auger.
Bix test holes were sunk along the valley bottom 150 feet apart and
sixteen in all were put down. The test holes averaged about five
feet in depth and in-every case where bog iron showed in the boring
the hole extended completely through the deposit. In no instance
was it possible to find a thickness of bog iron greater than twelve
inches and even in such cases the entire twelve inches were not of
aniform ecompeosition.

“In several eases the bottom of the test hole was in a grey sand
not even stained with iron. Mr. Ed. MeAdam of Pakan, who is one
of the owners of the elaims staked in this locality, stated that the
Jeposit had heen carcfully prospected seventeen to twenty years
ago and that approximately $10,000 had been ‘spent on the same.
This prospeeting consisted of sinking holes down to various depths
with a churn drill. e reported that in places bog iron depoéits
twenty-two feet in depth had been drilled through. However, in
drilling holes at the present time eight to ten feet away in the most
concentrated portion of the deposit no bog iron was struck in these
Loles. There are remaining evidences of twenty test holes that
were sunk a number of years ago and these extend up the valley
in seetion 36, township 58, range 15, west of the 4th meridian.

““The valley in which this deposit lies is very much drier than it
was when the earlier prospeeting was done. There is evidence that
at that time water was held in the valley by beaver dams, but since
the removal of these dams a large amount of the bog iron that had
accumulated has heen washed ont.of this basin into the valley below
and then down Red Clay ereek to where it empties into the North
Saskatehewan river. Today these deposits cover not more than an
acre and have an saverage depth of about eight inches.. Small bands
of ochre two to three inches in thickness can be found outside of this
area, but owing to the fact that they are wixed up with sand and
decayed vegetable matter they are of no importance. In the area
where the thickest bed of ochre ocenrs there 1s a spring of quite a
strong flow of water, but it iy guite apparent that this water does
not carry mueh iron In solution. ‘

‘In all easzes our test holes brought us down to a grey sand
without an iron stain.  All the bog iron today lies within the creek
bed proper, whieh ranges in width from cight to twenty feet, but
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widens out to 150 feet where the water from the spring enters.
Away from this creek the beds are sand and gravel, hut show ne
indieations of beds of bog iron.

It appears to me that this deposit is lying in an area where the
country rock and soil has been formed from the breaking down of
ithe Vietoria sandstone of the Belly River series. These sandstone
beds are exposed along the North Saskatchewan river a few miles
west of this locality. The beds there are dipping slightly to the west
and .would outerop on the surface in the vicinity of the area where
-he deposit of ochre occurs. The surface soil is mostly sand and it
appears to me that the iron has leachéd out from these decomposed
‘gandstones and has been concentrated in the valley which in earlier
times was blocked up. At presenl the deposit does not seem to be
increasing in size and it is so eovered with vegetation that were it
not for the trampling by range cattle the bog iron might not be
noticed. Hven-at its thickest point it is mixed up to a considerable
extent with plant roots and vegetable decay.”’

A sample of ochre collected contains numerous rootlets and
other fragments of vegetable materials, but the eolor is of dark red-
Jish brown. Analyses made by J. A. Kelso at the University of
Alberta are as follows:

Tosoluble residue ............. R 4.22 3.02
Oxide 0f IP0T ot i e s 58.14 58.48
Oxide of altIDINUML . ov vt in i e 4.88 6.2
TAINE vttt e e et e e e 12 13
Magnesia ..... e e .00 .00
Loss on mmtmn ..................................... 37.16 31.06
Tquwalent of oxide of iron as metallic irom ......... 40.69 40.93

The quality of this material is satisfactory as shown ‘by the
analyses; and the powder produced on burning is of excellent quality
and would be valuable in making mineral paints. Tests made on
some of this burnt powder showed that it could be used to good
advantage as z paint and that'it retained its body after being applied
to wood surfaces.

Although this deposit is relatively unimportant on account of
its size and impurities which it contained, yet the ochre might be
used locally for paint purposes such as are required around farm
buildings.

PAINT SHALES

From time to time samples of ferruginous shale are sent in to
+he laboratory to be tested for paint properties. Some are satisfac-
tory, but many are unsuited for this purpose. Some of the Benton
shales, shaly bands in the Belly River series, and especially in the
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Edmonton series, have sufficient iron in them fo burn to a reddish
powder.

No systematic study has yet been made to determine the ceconomie
value, if any, in such shale beds.

Between the Battle river and Halkirk, on the Lacombe branch of
the Canadian Pacific railway east of Stettler, there is a wide distri-
bution of reddish bhurnt elays.

These shaly bands oceur towards the base of the Edmonton
formation. The color is due to the fact that the shales have been
baked by the heat from a coal scam which has been burned. The
character of the burnt shale is most irrégular and the economic value
of this material is very doubtful.

This district was examined by Rutherford and the following
notes were prepared by him, all of which I have verified personally,

The ereck in which these beds are exposed is a tributary of
Battle river, and for the most part flows in an east-west direction,
with the exception of the headwaters, which flow north. The map
name for this creek is Okwanim but the local name is Paintearth,
due to the fact that in one particular area several buttes and domes
in fthe river valley are covared with bright red material. Exposures
of these deposits are best gshown at various places along the valley
from section 38, township 29, range 16, west of the fourth meridian,
down to section 29, fownship 39, range 15. These beds form the top
wayer of various buttes'in the creek valley. The valley itself is quite
wide, ranging from two to three miles, and has gentle sloping, grass-
covered sides. The buttes within the valley stand out quite promin-
antly in the nature of bad lands, varying in height from twenty-five
1o fifty feet and in some cases less, '

The red debris weathered from an upper layer has been washed
down the sides of the buttes, making them look bright red in the
distance, but on digging in a short distance it can be seen that this
red material comes from a laver which is not very thick. The beds
under the red layer are soft, light grey sandstones, and sandy clays.
The surface iy grass eovered and in every case where red lavers
oceur, lumps of cinders can be found seattered about the top. Small
coal seams ocear adjacent to or not far removed from the red layers. .

There are many side coulees along Paintearth creek whieh pro-
duce typical badlands; almost the entire area of seetion 36, township
39, range 16, and sections 30. 31 and 19, in range 15, is badlands.
A section taken from one of the buttes is as follows:
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1 - 2 feet surface soil.

1 - 2 feet red earth and eoal.

15 - 20 feet light greyv sandstone {soft).

10 - 15 feet sandy clay, varying in eolor, dark green,
reddish, brownish. :

The dip of these beds is for the most part horizontal, although
Ly tracing a stratum through several buttes there seems to be a slight
4ip of about three degrees to the east.

There are buttes of two general elevations, one series having
approximately the same elevation as the surrounding ecountry, the
other series are considerably lower than the surrounding country. It
i5 a noticeable feature that where the high buttes oecur no seetion
shows the red bands. The majority of the red-top buttes oecur in
the deeper valley. It would seem that the origin of these is due to
the faet that the coal scam, which is well exposed further south, has
been burned out in this loeality and has changed the clays and soils
above to réd beds. Then the beds have fallen iu, giving a depres-
slon where the drainage has naturally followed and cut the land into
mesas, buttes and steep-faced escarpments.

In some places the clays have been burned to a yellowish eolor.
This wounld probably indicate one of two things, (a) a different
kind of ¢lay from the former red beds, or (b} less burning. I think
the latter is most probable because the vellow bands are frequently
found close to and in some cases right against unburned coal seams.
Moreover, it is to be noted that the red coloring within these elays
is not_very permanent. Samples taken from the red layers, which
were guite red when collected, after being exposed to the inside
atmosphere for about three months, have practically lost all the red
eolor and have changed to a light ereamy yellow. Only those pieces
which are more or less of cinder-like nature have retained their
¢olor. Thus the only thing that keeps the tops of these buttes red
n color is the constant action of erosion and the washing down of
fresh layers from time to time.

Approaching Halkirk from the area of the buttes, the coloration
dies out, the valleys of tributary creeks become steeper and a coal
seam is well exposed in places. In a branch creek known as Spruce
creek the valley is about 100 feet deep with steep sides exposing
soft grey sandstone, some sandy eclay, as well as a good coal seam.
This ecoal seam has been onened up in two places, One prospect is
in the southeast quarter of seetion 18, township 39, range 15, but
was not being operated during the summer. A second small prospect
18 situated in the northeast quarter section 8, township 37, range
15, operated by Mr. R. Ruscce, and known as the Halkirk mine.
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The main tunuel has been driven south by west and at the present
time is approximately 700 feet in length. The coal seam lies horizon-
tal and is from five to gix feet in thickness. A section of the seam
is as follows:

1 foot coal,

6 - 8 inches bone.

3 feet coal.

1 - 2 inches sandstone.
1 foet coal.

The mine is exceptionally dry and has a light grey sandstone
hanging wall and a hard sandstone foot wall. In this loeality the
surface material above the eoal seam is eighty-five feet thiek,
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MICA

Mica is one of the most common minerals in igneous and erys-
{alline rocks, hut deposits of eeonomic value are rare, beeause the
plates are either too small or too scattered through the roek to be
extracted on a commercial scale.

There are three important varieties of mica, but only two are
nsed extensively in industries  These are muscovite or white miea,
-vhich ig a hydrous potsssium aluminum silicate, and phlogopite, or
smber miea, which is a hydrous potassium, magnesium, aluminum
silicate. A third variety, biotite or black miea, is.the most common
hut on aceount of its opaque or semi-opaque character and high iron
vontent it is least valuable. ‘

The best deposits of mieca occur in coarsely crystalline roecks,
known as pegmatites. These pegmatites consist chiefly ol quartz,
feldspar and wmiea, and usually oceur as dikes cutting older roeks.
A pegmatite may also oceur as irregular masses, lenses or veins
which vary in width and length. Mica mining presents many diffi-
culties because of the irregular character of the deposits. Those
carrying on miea operations must be experienced in the proper
methods of extraction of this mineral.

About fifty per cent of the world’s supply of mica comes from
Bengal, India. This is the chief producer of muscovite. Canada
produces nearly 25 per cent of the world’s supply. The muscovite
deposits which have been opened up are commercially unimportant,
but valuable deposits of amber or phlogopite mica are mined in both
Ontario and Quebee. In 1919 Canada produced mica to the value
of $273,305. ' ‘

The value of mica depends upon the size of blocks, the clearness,
2olor, perfection of cleavage and freedom from flaws. The New
York quetations on sheet mica in January, 1921, were as follows:

Inches Per pound
13 X 2l e $ .75
2 x 2 ... e 1.15
2 S J 1.65
3 X B e 2.10
3 PN 2.50
B X B e e e 2.75
3 X B e 3.75
4] A O TN 4.00
6 B T 4.75
Clear bloek Al ... i i 10.00

Extra large ....... e, SRR e 25.00
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The uses of mica are too numerous to mention in detail. The
ases of mica depend upon the form in which. it is marketed, as
powder or in sheets. Sheet mica is used largely in the electrical
industry for ingulation, and to some extent for glazing purposes.

No economie deposit of mica oceurs in Alberta, but the recent
disecovery of muscovite of good quality towards the head of Peace
river in British Columbia, which iz tributary to Alberta, is sufficient
reason for including a description of the occurrence of this mineral
in this report, , .

What appears to be an economic deposit of muscovite mica
oceurs on the west side of Finlay river, which with Parsnip river
forms. the head of Peace river west of the Roecky mountains, The
deposit oceurs on the slopes of a mountain, locally known as ‘‘Miea
Mountain.” Tt is situated nine to twelve miles southwest of Fort
Grahame and sixty-five miles up the Finlay river above Finlay forks.
This deposit may be reached by two routes. One route is up Peace
river from the town of Peace River at the terminal of the Edmonton
Dunvegan and British Columbia railway, 370 miles north of Hdmon-
ton. The other route is from Prince George over Giscombe portage
to Summit lake, down Crooked river to Fort Melieod, the Pack
and Parsnip rivers to Finlay forks, and then up the Finlay to Fort
Grahame. There is a good pack trail from the west side of the

< Finlay opposite Fort Grahame to the depesit, a distance of less than
1welve miles,

Eight full-sized mica mineral elaims have already been staked
on the deposit by Mr. William MacIntosh, who has had considerable
experience in developimg mica deposits in Quebeec and Ontario.
veveral samples from the deposit were given to me and these 1 have
examined microscopically and have had analyses made.

The mica is associated with gquartz and feldspar and oeecurs in
pegmatite dikes whieh apypear to have a northeast and southwest
trend. The country rock is micaceous schists.  Blocks or “books’
of miea are strewn about the surface due to the disintegration of the
pegmatites. Plocks of mica roughly defined by crystal faces were
obtained from a fraction of an inch up to-a maximum of eleven
:nehes in diameter. Both the optical properties and the chemical
analysis show that the variety is museovite of high quality. The
mica has an eminent cleavage, high degree of transparency and
is highly flexible. Microscopically, the muscovite is free from all
flaws, staing and internal structures that affeet the market. value of
the mineral, such as the ‘‘ruled,”” “‘herring-bone,”” or ‘A’ strue-
tures. The yellowish stain on the blocks iy entirely superficial and
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due to a coating of iron oxide about the marging of the bloeks result-
ing {rom exposure on the surface of the ground. This color is not
present in the centre of the bloeks or in the unweathered blocks in the
pegmatite. There would be considerable waste in trimming the
~b106kb whieh are now weathered on the surface.

An analysis of the muscovite was made by Mr. J. A. Kelso, in
the Industrial Laboratories at the University of Alberta. Magnesia
s almost absent and the iron content is due to a saperficial coating .
of oxide as determined under the microscope. The composition cor-
respouds most closely to muscovite from Bengal, India. The follow-
ing analysis was made by Mr. Kelso, and for comparison the analysis
of museovite from India is given:

British Columbia Bengal, India
Siliea .o 50.52 per cent 45.57 per cent
Alumina ..o oo 37.20 per cent 36.72 per cent
ivon oxide ... o0 L i 1.20 per cent 2,23 per cent
Lime ..o oo oo 0.06 per cent 0.21 per eent
Magnesia ..o oo 0.04 per cent 0.38 per cent
Potash ........ ... ... 7.14 per ecout 8.81 per cent
Water ... o 3.94 per cent 5.05 per cent

The quality of this miea is such that there should be a ready
market if it can be produced at a reasonable cost. Mr. MacIntosh
estimates that the cost of transportation from this deposit to the
raifroad at DPeace River should be about eight cents per pound.
This would include down stream transportation on the Finlay and
Peace rivers to Rocky Mountain canyon, a fourteen-mile portage, and
then down the Peace to the railway at Peace River.

Plans are now under way to develop this deposit at an carly
“date. A party has left Edmonton to open the deposit. '

Another leposit of mica known for several years occeurs not
far from the western mundan of Alberta; on the south side of the
Fraser valley at Téte Jaune Cache, on the Grand Trunk Pacific
railway. The mica occurs in pegmatites cutting mica schists, and is
a phlogopite variety. Flaws, stains and imperfeetions are so common
that the deposit is not considered to be commercially lmportant.
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PETROLEUM

INTRODUCTION

At possibly no time in the history of the world has such a per-
sistent search ever been made for natural reservoirs of petroleum,
in many countries throughout the world, as during the year 1920,
With the ever increasing uses for petrolenm as liquid fuel for motive
power on the 1a1id, the sea and in the air, for illuminating purposes,
for power and lubrication in industry, for chemical manufactories,
for preservatives and for road-making, the demand is fast exceed-
ing the production, and what is mere serious, the known ‘supply of
petroleum in reserve. These cold facts are causing governments
and especially large oil corporations, to give serious attention, and.
1o spend large sums of money in the search, on seientific lines; for
possible new petroleum fields in almost every country throughout the
world. J. D. Northrop, a well-known American geologist, has made
the startling statement that although the United States has produced
in 1919 over 330,000,000 barrels of petroleum, yet ““the petroleum
vroduction in the United States is expected to reach its maximum
this year and to decline steadily hereafter,””™ unless new sources
of petroleuin are discovéred.

About 62 per cent of the world’s known supply of petroleum in
reserve is in the United States, and about 20 per cent in Mexico
and Russia. Canada is today one of the most promising unproven
and largely unprospected countries in the world for petrolenm. The
possibilities of finding extensive reservoirs of petroleum are greater
in western Canada, and especially in Alberta, than in any other
field in Canada where the known geological struecture is suitable
for petroliferous acenmulations.

The possible petroleum resources of Alberta are today receiving
the attention of many of those interested in the petroleum industry
throughout the greater part of this continent and also the British
Isles.

. "¢‘Petroleum Resources of the World,”” Eng. and Min. J1, Vol. 108, Dec. 27,
1919, p. 954.
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STRATIGRAPIY

Between the Rocky mountaius on the west and the pré—Cambrian
shield on the east, there is a broad belt of comparative low relief,
which, physiographically, is known as the Great Plains region.
Corresponding topography extends north ards to the month of the
Mackenzie river and southwards to the Gulf of Mexico. The north-
ern ‘part from about the H4th parallel of latitude is drained by the
great Mackenzie River sysfem, while most of the area south of the
49th parallel is drained by the Mississippl River system. The inter-
vening area belween these two great watersheds Is drained eastward
Dy the Saskatchewan River system. This belt in Canada has a width
of over 800 miles'at the international boundary line and inclndes
most of Alberta, Saskatechewan, and part of Manitoba, but narrows
rapidly towards the north. At the 60th parallel of latitude, which
ig the northern bhoundary of the province of Alberta, this belt lies
well within the width of this provinee, and is about 150 miles wide
between the pre-Cambrian rocks on the east and the Rocky moun-
taing on the west. - This low upland continues down the Maeckenzie
valley, narrowing to a minimum width in the vieinity of Fort
Norman, and then widening towards the north at the delta of the
Mackenzie river about latitude 70 degrees. Substructure over this
broad upland in central Canada can in general be described as
trough-like, with “he older formations outeropping along the inner
foothills and the front ranges of the Rocky mountaing on the west,
and also bordering the oldest pre-Cambrian rocks on the east.

This hroad belt, trough-like in outline, is capped by sedimentary
rocks of the upper Cretaceous age chiefly, and in certain limited
asreas with younger Tertiary rocks. The underlving formations
on top of the pre-Cambrian granites consist essentially of shales,
limestones and some sandstones, chiefly of Devonian or Silurian age.
The extent of the formations belonging to the different ages has not
vet been defived, beeanse the surface is in the main veneered with
elacial deposits.  Outerops are few and indications of the presence
or absenee of the formations at depths are lacking.

Definite imformation as to the oceurrence of any particular
stratum in any partienlar loeality can only be aseertained by drilling.
However, the present geological knowledge of this vast area indicates
with some certainty that upwards of 300,000 sguare miles are under-
fain by formations suitabie for the aceumnulations of petrolemn in
Alberta, the lower Mackenzie basin, and parts of Saskatehewan and
Manitoba.  When one realizes the vast area in this part of Canada
which may enntain many oil reservoirs, one must assume an optim-
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istie attitude regarding the future development of the country in-
sofar as petrcleum is concerned.

The stratigraphy of this belt"in Alberta and the northland is
not unlike that south of the international boundary line. Similar
strueture prevails southward to the Gulf of Mexico.  Many produc-
tive oil fields have been diseovered and developed along the western
plains of the United States in Texas, Oklahoma, Colorado, Wyoming
and Montana. A recent oil field has been developed in Mountana
within a few miles of the Canadian border. The northward continua-
tion of the formations in Montana into Alberta has stimulated field
mvestigations for petroleum. The formations within Alberta are
just ag suitable for the accumulations of petrolenm, and the natural
occurrence of minerals of any kind is not confined to political
“boundaries.

The problem of working out the most suitable structure in
Alberta and the Mackenzie basin is extremely difficult on account
of the scarcity of outerops, the thieck veneer of glacial debris, and
expansive muskees, so that development must of necessity proceed
more slowly than it would if the strueture could be more readily
determined. “The early work of the Geological Survey of Canada
has assisted greatly in directing the attention of field geologists te
certain areas in Alberta and the Mackenzie basin, where strunctural
indieations are favorable, at least to a certain extent.

Petroleum was first discovered-in Alberta in 1898 southwest of
Pincher Creek within the. front range of the Rocky mountains, and
a small quantity of oil was obtained. Gas and oil seepages are com-
mon throughout Atberta and the lower Mackenzie, but little interest
was taken in the oil possibilities of the provinece until 1914, In May
of that vear a light oil of gasoline grade was discovered in the Ding-
man well, situated in the Turner valley, sixteen miles west of Okotoks
and thirty-five miles sonthwest of Calgary. This discovery preci-
pitated a boow during which about 500 companies were formed
Tiess than two dozen of these companies ever began drilling opera-
fions before the ““boom’” broke early in August when the war began.
Most of these oil zompanies soon disappeared and in 1919 less than
a dozen were active.

POSSIBLE FIELDS

. Although field investication was carried on in a small way
during the period of the war, it was not until the spring of 1919
- that a systematic Iield search was started to outline the most likely
areas in which petroleum might be found. These field investigations
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were carried out by geologists under the direction of large petrolenm
operators, corporations and government departments.

Systematie field work continued during the field season of 1920
end geologieal field partiss were working from the international
boundary line to the lower Mackenzie below Fort Norman, which is
situated on the 65th parallel of latitude. With the data now avail-
able it is possible to say where the most promising fields are. The
preological strueture is sueh that it is known that there are certain
areas where the oil-bearing horizons are too deep to warrant drilling,
and, at the same time that there are certain fields in which the
chances are greater for finding petroleum, if this mineral oceurs in
the underlying formations within these areas. The presence of
petrvoleum in commereial quantities under these areas can only be
determined by drilling. The principal possible petroleum areas are
~as follows: ‘

1. Southwestern Alborta, including Cardston, Pincher Creek
and Waterton Liakes distriets.

2. BSoutheastern Alberta, along the margin of Sweet Grass hills.

3. Okotoks field, including Sheep river, the Highwood and
Willow Creek areas in the outer foothills. This field includes the
Turner valley, where in 1919 the Calgary Petroleum Products com-
pany and the Southern Alberta company produced 16.457 barrels of
light and crude oil. ‘ ‘

4. Central eastern field, ineluding the Monitor, Czar, Viking,
and Birch Lake areas.

5. Central western fisld, within the foothills between the North
Saskatchewan and Athabasca rivers.

6. "Peace River field, in the vieinity of the town of Peace River
and about twenty miles downstream within the limits of the valley.

7. Upper Peace river field, south of the river in the Peace river
block about Pouce Coupé snd in the adjoining territory in Alberta.

8. Athabasea field, north and south of McMurray, within a
radius of about séventy-five miles,

9. Great Slave Lake field, the western end of the lake, including
Windy Point area on the north and Pine Point area on the south.

10. Fort Norman fieid, on the lower Mackenzie west of Great
Bear lake. : .

During 1920 about twenty drilling outfits were at work more
or less intermittently during the year. These were distributed from
the 49th parallel northward to Fort Norman on the 65th parallel
.of latitude. Most of the drilling operations were carried on by the-
Tmperial Qil eompany.
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DESCRIPTION OF FIELDS

In the southwestern field drilling was continued on two wells
north of Cardston in the vieinity of Twin Buttes, but these have not
vet been completed.

Twin Butte No. 1 well is situated in legal subdivision 15, section
14, township 4, range 30, west 4th meridian.

Twin Butte No. 2 well is in legal subdivision 1, seetion 23, town-
ship 4, range 29, west 4th meridian. Both wells were drilled by the
Northwest Company, which represents the drilling company in the
Imperial Oil Clompany. ‘

The structure in this avea has been deseribed by Stewart.”

The first well for petroleum in the provinee was drilled on Oil
creek, north of Waterton lakes, in township 1, range 29, west 4th
meridian. The surface rocks here are of Cambrian age folded into
a well-pronounced anticline. It is reported that the drill passed
‘hrough the lower Paleozoic rocks into the Benton shales of upper
(‘retaceous age which here contain a small quantity of oil.  'This
structure has resulted from the overthrusting of the older roeks on
to the younger Cretaceous rocks during the period of mountain
building. No eommercial quantity of oil has been obtained from this
area, although in Oil creek oil is dripping from the Iimestones
exposed along the sides of the canyon.

In southeastern Alberta several wells have heen drilled both
south and north of Milk viver. The Grand Trunk Pacifie Devel-
opment Company drilled a well in section 1, township 1. range 12,
west 4th meridian. near the west butte of Sweet Grass Hills, and a
few hundred feet north of the international boundary. In the upper
strata of limestone a thick oily substance, vaseline-like in appearance,
was found, but the well yiclded no oil. The log of this well is given
i Memoir 116 published by the Geological Survey.!

A well drilled by the Beaver Oil company oun the north bank
of Milk river yielded a strong oil seepage at 2,690 feet, but the
guantity was insignificant. This horizon is underlain by salt water-
bearing sandstone which prevented further drilling.

The United Qit company well No. 3 is situated twenty miles due
north of the Beaver well in southwest quarter section 31, township

*Stewart, J. 8., Geol. Surv,, Can., Memoir 112, 1916, - .

{Dowling, D. B, Slipper, 8. C., McLearn, I'. II., *‘Investigations in the Gas and
0il Fields of Alberta Saskatehewan and Manitoba,’’ Geol, Surv. Can.,
Memoir 116, 1919, p. 49,
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8, range 10, west 4th meridian, in Etzikom Coulee. In this well a
thick petroleum or maltha oceurred in the strala overlying the
Paleozoie rocks at a depth of 2,690 feet in the Beaver well. his
would indicate that the strata are dipping decidedly towards the
vorth. A complete log of this well to a depth of 3,705 feet is given
i Memoir 116, p. 51. Operations at these wells have stopped at
least temporarily.

At the present time (February) the Boundary Location well
is the only one in operation, according to S. H. Slipper, Petroleum
Engineer for the Department of the Interior in Alberta and the
northland. This well is being drilled by the Northwest Company in
legal subdivision 4. seetion 9, township 1, range 22, west Jrd meri-
dian, :

In the Okotoks field oil was discovered in the Dingman well
in May, 1914, on the north bank of the south branch of Sheep river,
in section 6, township 20, vange 2, west 5th meridian. Much atten-
tion was given to the Turmer valley, in which this discovery well is
situated, on aceount of the anticlinal structure which follows the

" 1rend of the valley.

The prineipal wells in this valley at the present time are:

1 o, I TS

PRINCIPAL OIL AND GAS WELLS IN TURNER VALLEY

1. Calgary Petroleum Products (three wells, Nos. 1, 2 and
3}, Section 6, Township 20, Range 2, West of the 5th.

7. Alberta Petroleum Consolidated (No. 1 and No. 2
wells), Section 1, Township 20, Range 3, West of the
5th.

3. Canada Southern Co. (Prudential Oil and Gas Co.},
Section 1, Township 20, Range 3, West of the 5th.

4. Mt Stephen Oil and Gas Co., Section 7, Township 20,
Range 2, West of the 5th.

5 Southern Alberta (No. 1 and No. 2 wells), Section 18,
Township 20, Range 2, West of the 5th.

6. Alberta Southern Oil Co., Section 13, Township 20,
Range 3, West of the 5th.

7. Mid-west No. 1 (Western Pacific Oil Co.), Legal Sub-
division 8, Section 31, Township 19, Range 2, West of
the 5th.

8. Mid-west No. 2 (North Western Pacific Oil Co.), Sec-
tion 24, Township 20, Range 3, West of the 5th.

9. Alberta Pacific Oil Co. (Acme Well), Section 20, Town-
ship 19, Range 2, West of the 5th.

10. Record Oil Co., Section 4, Township 19, Range 2, West
of the 5th.

A number of other wells have been drilled but are now
abandoned.
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The Record well has been drilled to a depth of 4,325 feet.
Difficulties have been encountered from ecaving-in in the uncased
hole, so that it has been impossible to get the tools ount. There is
considerable oil in the bottom of this well and the indications are
favorable if the well was properly cased and cleaned out. An
analysis of this oil made at the University of Alberta cave the follow-
ing results:

Specific Gravity of Oil, 54 degrees Beaume

Digtillation Tests—

Commeneces to distil at 60 degrees Centigrade
From 60 to 210 ¢ ... .. ... ... 000t 783 per cent
210 to 300 C. ..o 14.0 per cent
300 to 325 C. ... e 3.3 per eent
325 to 350 €. .o 2.0 per ecent
Residue and loss ... ... .. ool 1.4 per cent

Commereial Indication—

* Commereial gasoline ........ ...l 79.5 per cent
Burning oil ... ... o0 Lo 14.0 per cent
Light lubricants ....... . oot 5.3 per cent

In 1919 Alberta produced 16,437 barvels of petroleum and the
production in 1920, although not-yet published, will be slightly
larger. All of this oil was produced in the Turner valley by the
Calgary Petroleum Products Limited, the Alberta Scuthern, and the
Alberta Petroleum Consolidated. A brief deseription of each of
these is given in the First Annual Report, page 81.

The oil produced by the Calgary Petroleum Products Limited,
Well No. 1, was of natural gasoline grade. Well No. 2 produees a
gas rich in gasoline. The gas is treated by the absorption process
and the product has a gravity of from 65 degrees to 69 degrees
Beaume. A second grade of gasoline with a gravity of from 93
degrees to 95 degrees Beaume is obtained as a compressor product.
The plant has been temporarily closed as a result of a fire. The
wells of this company are now reported to be under the direction of
the Imperial Oil Company. The produet produced by the Alberta
Southern is of considerably heavier grade. The A. P. Con. wells"
produced an oil which has a gravity of about 38 degrees Beaume.

South of the Fighwood river and west of Nanton the Imperial
0il company is now drilling two wells, Willow Creek well No.
1 is located in the northeast quarter section 29, township 14, range -
2, west 5th meridian, and is known as the Christie well. The other
Weﬂ, No. 2, on section 7, township 16, range 2, west dth meridian,
was started by the Associated Alberta Oil Company. Promising
indications are reported from these wells.
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In the eastern field the following wells were started in 1920:

Misty Hill wetl on northeast quarter section 24, township 32,
range 4, west 4th meridian, south of Mud Buttes. This well is being
drilled by the Northwest Company. '

West Regent Oil well on northeast quarter section 19, township
34, range 4, west 4th meridian.
-Union Oil well No. 2, close to the railway at Monitor in northeast

-

guarter section 5, townshin 33, range 4, west 4th meridian.

Tit Hill well by the Northwest Company, nine miles southwest
of Czar, legal subdivision 10, section 17, township 40, range 7, west
4th meridian.

Grattan well on section 4, township 45, range 8, west 4th meri-
dian.

Union Oil well No. 1, Birch Lake well in seetion 14, township 50,
range 12, west 4th meridian,

The Czar and Grattan wells hate reached the greatest depth
aceording to most recent reports and have favorable oil indications.

Drilling operations wore started in the Irma distriet in 1915,
Three wells have been started but not completed. The present
Grattan well at the end of 1920 was reported to have reached a depth
of about 3,000 feet but no quantity of oil has yvet been obtained.

In the Viving distriet ten wells have been drilled by the North-
ern Alberta Natural Gas company. This distriet has been proven
to be a gas field. These wells were drilled for the purpose of supply-
ing natural gas to the city of Edmonton, but no satisfactory arrange-
ments have yet been made to supply the ecapital city with this
much ueeded produect

The western eontral field has not yet been proven by drilling.
- During the past few months considerable interest has been taken,
especially, in the northern end of this fieldl between Athabasca and
Brazeau rivers. Many leases have been taken out aloug the Alberta
Coal branch, and drilling is anticipated during 1921. The strati-
graphy has not yet been wovked out in this belt, and there is still
© some doubt as to whether the younger formation belongs to the
Edmonton or to the Belly River series. At the south end of the
Atberta Coal Branch there is anticlinal structure, but it is known
that the formations are more or less faulted within a few miles to
the west. -
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PEACE RIVER FIELDS

In the Peace River field, which extends from the town of Peace
River downstream to approximately Tar island, a distance of about
twenty miles, drilling operations have been carried on more or less
continuously for the past five vears. The valley of the Peace river
is about 750 feet deep, and the bottom of the valley is comparatively
narrow, so that the area on which the oldest rocks are exposed is
decidedly limived. At many points along the valley terraces are
comparatively narrow but it is on these terraces that wells have
been drilled. il has been struck in a number of wells which have
been drilled, hut commereial quantities have not yet been obtained.
The gravity of the oil from No. 2 drilled by the Peace River Oil Com-
pany is 12.5 degrees Beaume. The following wells have been located”
yorth of the town of Peace River; all are west of the Hth meridian:

Legal Sub. Sec. Towngship Range

1. Vietory Well, now being drilled....... 11 37 83 21
2. Peace River Petroleum Well, No. 1, on ‘
River Lot 9 ... ... ... o i i .

3. Peace River Oil Well, No. 3 ........... 16 4 85 21
4, San Joaquim (il Well, No. 1 .......... 1 11 85 21
5, San Joaqguim 0il Well, No. 2 .......... 1 11 85 21
6. Northern Pacific Well ... . .......... 6 11 85 21
7. Tar Island Oil Well, No. .1 ........... 14 24 85 21
8. Tar Island 031 Well, No. 2 ............. i4 24 85 21
9. Tar Igland Well, No. 3 ... ..o oinet 14 24 85 21
310, Peace River 0il Well, No. 1 ... oo 4 31 85 21
11, Albersas O1) Well ... .. ..looivaan 10 11 85 21
12, Community Oil Well .................. 1 .23 85 21
13, Peace River Petroleum Well, No. 2 ..., 12 28 87 20

Drilling is being continued in only five of these, aceording to
8. ¢, Slipper. These are Nos. 1, 4, 5, 7 and 13.

The greatest difficuliy encountered in this field has been a
strong flow of salt water and gas. Well No. 2 drilled by the Peace
River Oil Commany struck a flow so strong that to date it has not
yet been capped, but aceording to the regulations now in force the
company is compelled to have this flow stopped. It is the intention
of the Department of the Interior to have ifs engineers seal off
this well in the spring of 1921

It would seem from the driﬂing'earried out to date that a strong
flow of water may be anticipated at almost any level below 900 feet.

San Joaquim Well Nu. 1 was drilled by Mr. I L. Williams
near the Three Creeks on the east side of the Peace River.

Drilling was stopped at a depth of 1,265 feet on account of gas
pressure and the loss of tools. Well No. 2 was started close to
No. 1. Drilling has reached a depth of about 900 feet and care has
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been taken to prevent a sudden flow of water or gas which might
algo ruin this well.

An analysis of the oil from No. 1 well was supplied by Mr.
Williams.  This analysis was made at the University of Sas-

katehewan :
Specifie Gravity at 60 degrees F. 0.982
First Test Second Test

Naphtha ........... .. ... 90-150 degrees C. 1.7% 1.8¢
Kerosene .................. 150-300 degrees C. 18.1% 18.1%
Lubrieating Oil ............ 300-375 degrees €. 64.5% 65.0¢
Residue 108S ...t e 15.7% 15.1%

The following report on a sample of oil was made by E.
Stansfield in 1916 in the laboratory of the Mines Branch, Department
Mines, Ottawa :* . .

“Sample No. 823. Crude petroleum. Colleected by Charles
Camsell of the Geo'ogical Survey on September 18, 1916, from Me-
Arthur well, Peace river, seventeen miles below Peace River
- Crossing. ‘

“The saniple was a dark visecous oil, with an odour resembling
kerosene, from which a cousiderable amount of water had separated
out at the bottom of the bottle This water was neglected.

““It was found to be impossible to make a satisfactory fractional
distillation of 7he erude oil on account of trouble with bumping and
frothing., A preliminary distillation was ultimately carried out
under reduces pressure as far as was:possible in a glass flask, a
sticky black piteh remaining in the flask. The oil obtained by this
preliminary distillation was fractionated in an Engler apparatus.

““The results obtained follow:
Solubility of crude oil in benzine, practically completely dissolved.
Solubility of crude oil-in gasoline, 5 per cent by weight insoluble (soft asphalt,
dirt and tarry matter).
Solubility of erude oil in aleohol-ether, considerable insoluble matter,
. Speeitie gravity of crude oil, 0.984 at 15.5 degrees .
Flash point, Pensky-Martens close test 59 degrees C.
Fire point, about 127 degrees C.

Preliminary distillation of 201 grams of erude oil gave:

136 grams of oil distillate of 0.902 sp. gr. or 67.7 per eent hy weight and 73.9
per cent by volume.

46.3 grams of pitch residue or 23.0 per cent by weight.

18.7 grams of water and loss, or 9.8 per cent by weight.

Fractional distillation in an Kngler apparatus of 100 e.c. of oil distillate

gave: : .
140 degrees C. first drop.
140 to 150 degreecs C. gasoline and kerosene fraetiom, 2 per eent by volume,
0.642 sp. gr., or 24.0 per cent crude oil.
Residuc, lubricating oils, ete., 64.5 per cent, or 48.4 per cent erude oil.

On a large seale the preliminary distillation could be carvied further
than in the small seale laboratory experiments, and larger yields
obtained. :

Calorific value of crude oil, 9.730 calories per gram, or 17,520 B.T.U. per Ib.
Sulphur in crude oil, 4.9 per cent.”’

*Geol, Burv. Can., Sum. Report, 1916, p. 144.
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The upper Peace River field includes in part the Peace River
Block, particularly that area south of Peace River and adjoining
territory in Alberta. Sinee November, 1920, considerable interest
and exeitement has arisen in the distriet about Pouce Coupé in ranges
12 to 14, towuships 77 to 82, along fhe Pouce Coupé river whieh
flows northward into the Psace. Up to February, 1921, about 300,000
acres have been leased in this district. The rush into this distriet
has been stimulated chiefly by the fact that large acreage has been
icased by the Tmperial Oi! zompany. It is reported that arrange-
inents are being made to commence drilling operations in the spring
of 1921, Most of the leases acquired lie within townships 77 to
82, ranges 12 tc 14, west 6th meridian. Very little geological infor-
mation has yet been made public on this area and no detailed work
has yet been carried out by the Geological Survey in the district
that has been leased. In the summer of 1919, J. 8. Stewart made a
geologieal reconnaissance of the region southeast from Hudson Hope.
‘fhe area examined lies enfirely on the west side of the Kiskatinaw
river. The sirvatigraphic succession of formations as worked out
by Stewart is as follows:”

'TABLE OF PORMATIONS

Period Group Formation Character of the Strats

Smoky Two shale series divided by a
Montana River sandstone series. Total esti-

mated thickness 5530 feet.

Mainly  thick-bedded sand-
Upper , stone with lesser amounts of
CIretaceous Colorado- Dunvegan shale and thin sandstone;
"thickness about 530 feet.

Upper member 1.300 feet dark
Bt. John shale; middle member 50 to
80 feet sandstone; lower mem-
ber 800 feet dark shale.

Sandstone, shale, and ecoal

Lower I\?ulll};ea'd ahove; massive sandstone be-
Cretaceous ountains low; total thickness 2,000
feet.
Jurassie i .
8 g
L Limestone,” sandstone, and
Triassie . shale.

*Stewart, J. 8, ‘-0il and Gas Possibilities in Northeastern British Columbia,’’
Geol. Surv., Can, Sum. Report, 1919, part ¢, p. 4
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The structure of this area is deseribed .as follows by Stewart,
on page 6 . ) :

“The width of the area examined was determined largely by
the width of a narrow be't where the folding was diversified and
the dips were comparatively gentle. In other words was confined
to a strip of eountry where the structure is most favorable for the
accumulation of oil or gas. In this belt at least two, and perhaps
three, anticlins! folds appe=ar to be persistent for considerable dis-
vances along the strike of the rocks.  The maximum dip of the limbs
of these folds is about 15 degrees. The roeks to the west of this
gently folded belt are much more intensely folded and fanlted,
but to the east of if. dip very gently northeast in monoclinal faghion,
¢nd the dip must be measured in feet per mile rather than in
degrees.”’

The conclusions reached by Stewart are as follows:
“Generally speaking, four factors are essential in an oil field.
These are:

““1. A porous bed or sand by which oil may be absorbed.

‘2. A suitable structural condition to permit concentration at
a particular loeality. :

(e

3. Presence at one time ov another of water as an accumu-
iating agent,

‘4, Petfcleum originally diffused through the rocks of a
reasonably large area surrounding the favorable structural centre.

“Putting the area under diseussion to these tests, it is found
that there are places along the anticlinal folds where the structural
conditions are probably fulfilled.

“There are plenty of porous sands in the Bullbead Mountain
formation and it may be assumed that there has always been plenty
uf water to act as an acenmulating agent.

““The anticlinals are for the most part eroded well down intp
the lower part of the St. John shales, yet there is a possibility that
porous absorbent sandy ismses occur in places. The underlying
Bullhead Mountain formation is composed lareely of coarse sand-
stone but this Yormation is mainly of fresh-water origin, and exeept-
mg coal dep8sits. eontains very little organic matter likely to produce
petrolenm:  Theve is, however, a possibility in places of interfinger.
mg of marine shales from the east with the Bullhead series of the
west.  Below the Bullhead Mountain formation is a series of davi
caleareous shites, sandstones, and limestone of Triassic age. These
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' reds contain pumerous fossils which indieate that they are probably
21l of marine origin, '

““If the first three conditions are fulfilled in this region and
it is quite reascnable to presume that in places they are, then number
4 is the only unknown factor. The St. John shales are a souree
irom which organic matter might have been derived to produce
petroleum and the next promising series of strata are those of the
underlying Triassie. Henee in projected boring operations prepara-
tions should he made to penetrate at least the entire thickness of
the Bullhead Mountain formation if the region is to be fairly tested,
The depth necessary to reach the Triassic shales will, of course, be
roverned by the location, but in the most favorable places in the
region examined thiese shales are probably at least 3,000 feet below
ihe surface.””

Although it is not yet known that the stratigraphy and structure
deseribed above car be applied to the Pouce Coupé district, yet the
facts may assist those cowtemplating development in.that distriet
antil the geology has been thoroughly examined.

The Athavasca field is veferred to under the heading of bitu-
minous sands. o

GREAT SLAVE LAKE FIELD

The Great Slave Lake area which may prove to be, at least
in part, an oil field, lies toward the west end of the lake, and”
meludes Windy Point on the north shore of the lake, and Pine Point
south of the lake and east of Hay River post. During 1919 and 1920
many oil leases were staked on both sides of the lake. Late in the
wammer of 1920 the Imperial Oil Company began drilling operations
on Windy Point. " On aecount of the late date when the drilling
party reached the well site a depth of only 325 feet was drilled
before the cloce of the season. No positive indications of oil have
heen reported from this well. This outfit was under the charge of
Professor A, K. Cameron.

The geology along the shores of Great Slave lake has been fully
Jeseribed by Cameron in 19167 and 1917t in the summary reports
of the Geological Survey. :

*(gmeron, A. B, ‘‘Reconnaissance on Great Slave Lake, Northwest Territories’’
Geol. Surv,, Can., Sum. Rept., 1916, pages 66-76.

tCameron, A. B, ‘‘Exploration in 4he Vieinity of Great Slave Lake,’’ Geol.
Surv.,, Can., Sum. Rept., 1817, part C, p. 22
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Cameron describes the geology about Pine Point and also Windy
Point in the summary report for 1916, on pages 71 and 73 respective-
fy. His report foilows:

“Tn the vieinity of Pine Point there is definite anticlinal strue-
ture, and it was found possible to compile a geological section of
+he rocks expesed. Blue-grey weathering, hard, calcareous shales
and thin-bedded limestones predominate. All are highly bituminous
and fossilifercus. '

“On the islands to the east of the point similar sediments out-
erop at various places. These islands seem tfo have been formed
Ly the doming up of the underlying rocks and the beds exposed
are apparently lower than those found in Pine Point, though prob-
ubly of the same series. A tentative correlation was made between
the lowest beds exposed in the anticline and the uppermost beds
exposed on the islands  The rocks are thin-bedded bituminous
iimestones, highly fessiliferous. and in some cases in the more nassive
heds a porous cavernous structure was found, the cavities being
filled with bitamen. The following section exposed on Pine Point
snd the islands to the east were measured. '

Bection at Pine Point

Thickness -
Feet  Inehes

Thin-bedded Hmestone . /... ... i i 0 8
Fosgiliferous and bhituminous shale ... ..o i 0 8
Dark brown, oily shale ............ ... ... .. e 1 0
Thin-bedded Lmestone .. ... v 0 4
Coneretionary bituminous, ealeareous shale .. 8 0
White weathering limestone, nodules in dark shales, all bitu- )

IHTOWE 4t tv et me e e et e e et 2 0

Section on the Islands Bast of Pine Point

White weathering limestone, nodules in dark shale, all bitu-

INFIOUE o v ot i e i, 4 0
Dark hard shale, limestone bands ............ ... ... ... 1 p
Limestone breeeia in shale ... .. o o oo PP 0 4
Thin-bedded bituminous lmestone ...... ... .. ... . . ... 1 6
Dark bituminous shale . ..., . .. . . e 0 10
Argillaceous limestone, bituminous ......... ... ... .. ... ... .. 1 2
Interbedded bitaminous shales and limestones ............... 1 6
Massive limestone, hard bituminous ............. . .o .. A 8
Dark bituminous shale ...... ... i e 0 4
Massive limestone, fine fextured, hard, cavities with bitumen 6 6
Dark bituminous hard shales ........... TN 1 0

Windy Point — ‘‘The southeastern shoré of Windy Point is
characterized hy wide limestone shingle barrier beaches. At the
southeastern extremity of the point a wave-cut eliff fifteen feet high
hegins and extends north in a straight line for some three miles.
Just opposite the easternmost portion of the point the cliff is about
one half mile inland and between it and the lake shore are the
remnants of numerous old lake beaches of limestone shingle. Above
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the ¢liff the ground rises in a uniform slope to a height of about
100 feet and extends as a flat tableland into the interior. This slope
ulso shows many oid lake heaches; from the top of the hill to the
shore forty-one were counted

“The sediments exposed in the cliff are medium to thin-bedded,
eream weatheiing limestones and calcareous shales. Fresh fracturve
chows red to brown colors and a medium grain. Practically all the
beds are highly fossiliferous and bituminous. A vein of calcite
. averaging twe inches in width contained appreciable quantities of
coarsely crystallized galena.

“The northeast portion of the point is composed of a porous and
cavernous dolomite or magnesium limestone, The dolomites are
badly fractured and fissured and along the fissures and between the
bedding planes numerous seepages of petroleum occur, accompanied
by large sulphur springs: Fresh fracture shows a dark brown,
erystalline, bituminous, magnesian limestone changing to a white
coarsely crystallized dolomite, Cavities are common and are invar-
inbly lined with ~urved rhombohedral erystals of dolomite. 'The
“cavities are usually filled with heavy petroleum. Fossils are rare
but the lower heds contain a few tightly coiled gastropods. The
petrolenm -seepages oceur most abundantly in the vieinity of this
~ fossil hovizon.”

A sample of oil from Windy Point, collected by Mr. Camsell
and analyzed by E. Stansfield of the Mines Branch, gave the follow-
ing results: -

Specifie gravity crude oil at 15.5 degrees C. ...t 0.957

Preliminary distillation of 203.7 grams crude gave 122.2 grams oil distillate
of 0.888 sp. gravity. This is 60 per cent by weight or 64.5 per cent by
volume of the crude oil. ’

‘Fraectional distitlation, Engler apparatus of 100 e.c. oil distillate taken gave
first drop at 17¢ degrees €. at 178 degrees to 300 degrees C. gave illu-
minating oil, ete., 23 per cent by vol, 0.855 sp. gr., equivalent to 14.9

“ per cent by vol erude oil

Residue, lubricating oils, ete., 77.0 per eent by vol, equivalent to 49.6 per
cent by vol, erude oil,

Calorific value ~rude oil 10,040 gram calories, 18,070 B/ T.U. per pound.
Sulphur in erude oil, 1.0 per eent.

The geology in the vieinity of Great Slave lake was studied in
detail by Cameron in 1917 and his report appears in the Summary
for that vear.

The stratigraphic suecession as worked out by Cameron is as
follows :*
*Geol. Surv., Can,, Sum, Rept., Part C, 1917, p. 25,
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Great Slave Lake éection
Quaternary
Lake and river deposits.
Glacial deposits.
Unconforinity
Cretaceous
Meander shales.
Unconformity
Upper Devonian
Hay River limestones
Hay River shales
Simpsen shales.
Middle Devonian
Siave Point limestones
Presqu'ile dolomites
Pine Point limestones.
i Uncontformity
Upper Silurian
Fitzgerald dolomitie limestones
Redrock arenaceous limestone,
{nconformily
Pre-Cambrian

(ranites, gneisses, and metamorphies.

Description of Lormations

“Pre-Cambrian.—Pre-Cambrian rocks arve exposed on Great
Slake lake east of the north arm and at several places on Slave
river above Fort Smith. On the shores of the lake they show as
acarse granites and gneisses intruding greenstone schists and meta-
morphics. On Les Hes du Large a massive bed of eoarse, clear white
quartzite is found overlying the granites, but whether the eontaet
is intrusive or not was not apparent. On Slave rviver the granites
underlie Paleozoic sediments and the seetions frequently show five
to ten feet of a coarse arkose lying between the granites and the
Paleozoic sediments. ‘
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“Upper Silurian.— The massive bedded gypsum exposed on
Peace river and at points on Slave viver is referable, on paleontolo-
gieal evidence, to the upper Silurian. Near Fitzgerald coarse porous,
dolomitic limestone carrying an upper Silurian fauna is exposed and
similar sediments are foind in the escarpment at the Salt Springs
west of Fort Smith. '

“At Gypsum Point on Great Slave lake coarse, porous, dolomi-
vie limestones carrying fossils similar to those found in the dolomitice
limestones near Fitzgerald overlie bedded, brick-red, arenaceous
limestones carrying gypsum beds.

“Lower Devonian—No distinetly lower Devonian sediments were
observed in the vieinity of the lake shores or on Peace river. Kindle
reports shales carrying middle Devonian fossils suggestive of the
Tthaca formation, a local facies of the Portage in New York, direetly
overlying the Gypsum series on Peace river. An erosional uncon-
formity exists here between the Gypsum series and the overlying
shales. On Gueat Slave lake, however, a thick series of middle Devo-
nian sediments are found iving between the Simpson shales and the
upper Siluriaa dolomitie limestones. Fossil evidence shows that
the Simpson shales are equivalent to the Portage formation of New
York,

“Middle Devonian—Middle Devonian sediments exposed on
the shores of the lake ave divided on lithological and paleontologieal
ovidenee into three formatiions: Slave Point limestones, Presqu’ile
dolomites, and Pine Point limestones. These may be correlated with
the Manitoban limestones, Winnepegosan dolomites, and Elm Point
limestones of the Manitoba section.

“The Pine Point limestones, the lowest member of the series,
are exposed in the vieinity of Resolution, at Pine Point on the south
shore of the lake, and on Ketsicta Point on the north shore. They
are thin-bedded, bituminous, dark-colored, fine grained limestones
and lmy shales.

“The thickness of the Pine Point series is not directly observ-
able, but from struetural evidence appears to be about 100 feet.

“The Presqu’ile dolomites, overlying the Pine Point series, are
exposed at Presqu’ile Point and on the Burnt islands east of Pine
Point on the south shore. On the north shore they show as the oil-
hearing delomites at the Tar springs on Nintsi (Windy) Point and
on the shorves of Sulphur bay. Although not exposed elsewhere on
the north shore of the lake, structural conditions suggest their
presence in the region between Tagkatea  and Ketsieta points.
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“‘Exposures show this formation to consist of two members: an
upper, thin-bedded, dolomitic limestone highly fossiliferous and
carrying the diagnostic fossil Stringocephalus burtoni, and a lower
.member composed of a coarsely crystalline porous and cavernous
dolomite. This latter is the oil-bearing horizon at the tar springs
on Nintsi Point. The formation is estimated to have a thickness of
about 200 feet.

“The Slave Point limestones, composing the upper formation
of the middle Devonian, are exposed on the south shore, from
Presqu’ile Point to High Point, on Buffalo river, and on the north
‘shore at Slave Point and along the lake shore between House and
Moraine points.

“rPhis formation is composed of thin-bedded, medium-grained
dark grey, and slightly bituminous limestones and has an estimated
thickness of about 160 feet.

““Upper Devonian.-—Upper Devonian sediments in the region
are divided into three formations: Hay River limestones, Hay River
shales, and Simpson shales. © The ﬁay River limestones and shales
carry an abundant Spirifera dissuncla fauna and may be correlated
with the Chemung formation of New York, and the Simpson shales
carry some of the fossils eharacteristic of the Portage formation of
New York. '

“Tlie Simpson shales are not exposed in the vieinity of Great
Slave lake, but on Mackenzie river near Simpson are found under-
lying the Hay River shales. - A thickness of 150 feet is exposed and

_shows soft, greenish grey clay shales. Limestone and sandstone
bands, so common to the Hay River shales, are absent here and the
fossil evidence does not show the Spirifera disjuncta fauna which
is so abundant in the Hay River series. It is probable that these
soft Simpson shales underlie the western end of the lake and a con-
siderable portion of the valley of Buffalo river-

f“The Hay River shales are exposed in the valley of Hay river
below the falls and are also probably present underlying the basin
of Buffalo lake and in the valley of Beaver river. Where exposed
on Hay river they show as soft, bluish-green, elay shales and carry
thin bands of highly fossiliferous limestone and ripple-marked sand-
stones. A measured thickness of 400 feet of these shales is exposed
in the river valley. ‘

““The Hay River limestones direetly overlie the soft Hay river.
shales and the section as exposed in the gorge on Hay river shows a
gradation between the two formations.
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““The section in the gorge on Hay river shows 221 feet of thiek
and thin-bedded, hard, fine-grained, light-colored limestones and at
least another 75 feet is exposed in the river valley above the falls.
About forty feet from the base of the limestones oceurs a bed of soft
fossil clay shales forty-seven feet thick. The presence of this shaly
member in the limestone series has been the cause of the formation
of the two falls on the Hay river. At the falls on Beaver river the
limestones are similar to those at Louise falls on Hay river. The
shaly member is here absent and in place of an upper fall there is
a long series of low cascades from five to fifteen feet high.

*‘Cretaceous.—Soft, fiséile, dark shales of Cretaceous age are
exposed in the valley of Hay viver at intervals throughout the dis-
tance between the 6th meridian and Grumbler rapids. The contact
between these and the underlying Devonian limestones is not ex-
posed, but would probably show, as elsewhere in Western Canada,
an unconformity. The shales show numerous large coneretions and
oceasional ironstone bands and closely resemble the Loon river of the
Peace River Section. A few miles below the 6th meridian a sand-
stone layer twenty-five feet thick shows in the valley and this very.
probably represents the Peace River sandstones of the Peace River
seetion, which are known to thin out to the east and north,

‘‘Recent.—The entire region is overlain by a heavy deposit of
glaecial drift. Cut banks on the river valleys frequently show sectiong
twenty to a hundred feet thick of boulder clays and gravely of
glacial origin. A

““The meandering character of all the rivers has developed ex-
tensive flood-plains of alluvial material on the inside of the curves
and the large rivers have formed widespread deltas at their point
of -discharge into the lake.

Structural and Economic Geology

““‘Stratigraphic studies have revealed the presence of a gentle
anticline stretching aeross the lake from Pine Point on the south
shore to Nintsi (Windy) Point on the north shore. On the south
shore the apex of the anticline is shown on the east gide of Pine
Point and the lowest beds exposed show the Pine Point series of
bituminous limestones and limy shales.

‘‘The presence of higher strata, the overlying Presqu’ile dolo-
mites, both to the east on Burnt islands and to the west at Presqu’ile
Point, clearly demonstrates the antielinal struecture. On the north
shore the crest appears to lie in the erosion basin of Sulphur bay.
The Presqu’ile dolomites are exposed on the east shore of Nintsi
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Point, at various points on the shores of the bay, and eastward to
Jones Point; whereas the overlying Slave Point limestones are shown
on Slave Point west of Nintsi Point and again near Ilouse and
Moraine Points northwest of Jones Point.

“Structural eonditions suggestive of gentle anticlinal folding
are noticeable in the limestone outerops on Buffalo river and those
exposed on Hay river above the falls. Exposures are confined to
" the valley floors wheve the rivers have cut down into the Devonian
sediments. and on account of the overburden of glacial drift the
extent of the folding was not observable. :

““As shown by the oil seepages and tar pools on Nintsi Point,
the Presqu’ile dolomites appear as the most probable oil horizon of
the distriet, and as these sediments are exposed on the limits of the
anticline, the possibilities of an oil-producing field existing on the
shores of the lake are not very great.

““ A thick series of soft clay shales is exposed on Hay river, which
from the stratigraphical relation would appear to overlie the dolo-
mites. If the dolomite hovizon can be found elsewhere in the district
under suitable structural conditions and overlain by these impervious
shales, it may be worth investigating with a drill,

“On Hay river, above the falls, limestone outerops in the valley
show gentle undulations forming anticlines and synelines of a low
order. The limestones here exposed represent upper members of
the Hay River limestones which overlie the thick series of shales
above mentioned. '

“It is to be noted that the seetion exposed on Peace River
shows members of the Simpson shale series unconformably overlying
the gypsum series of upper Silurian age, and thus the middle Devo-
nian section as exposed on Great Slave lake is here absent. It is,

therefore, possible that the dolomites would not be found underlying

the shale series in the folded area above the falls on Hay river, or,
if present, they would probably be somewhat thinner in their devel-
opment than is shown on the shores of the lake. If drilling opera-
tions were conducted on Hay river, a thickness of about 1,000 feet
of sediments would have to be pierced before the Presqu’ile dolomites
would be reached.”

FORT NORMAN FIELD

Sinee the first news reached the public in October, 1920, that
0il had been discovered in the Fort Norman district, few oil fields
in the world have teceived so much attention and comment- This
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is partly due to the faet that it is the furthest north that oil has
ever been discovered. ‘

Fort Norman is a Hudson’s Bay post situated on the east side
of Mackenzie river, at the mouth of Bear river, which is the outlet
of Great Bear lake. Fort Norman lies just outside the Arctic ecirele
close to the 65th parallel of latitude, on longitude 126 degrees west.
This point lies on a latitude whieh passes several miles west of the
city of Vietoria, on Vancouver Island. In a direct line it is about
1,000 miles north-northwest from HBdmonton, and about 1,600 .
miles by river route from the mnorthern terminus of the rail-
road. North of Fort Norman the Mackenzie continues for over 300 .
miles before it enters the Avetic ocean eclose to the 65th parallel of
latitude. The width of the low upland at Norman between the

“broken structure to the east of the Mackenzie valley and that to the
west in the Mackenzie mountains is less than 100 miles.

The geology of this district has not recently been examined by
the Geological Survey, but field investigations have been ecarried
on by geologists for private covporations intermittently since 1914,
The geological data thus obtained are not available for public use.

In the spring of 1914 Dr. T. O. Bosworth investigated the geolo-
gy in the Mackenzie basin for oil indications. A detailed report of
this work has never been made publie, except in an article written
by Dr. Bosworth which appeared in “‘The Petroleum World’ in Feb-
_ruary, 1915, page 91.

A number of oil claims were staked in 1914 by Dr. Bosworth
and the members of his party about forty miles norih of Fort
Norman.

Interest in this distriet lapsed until the summer of 1919, when
a systematie field survey was commenced by the Imperial Oil Com-
-pany under the direction of Dr. Bosworth.

The geological activities of 1919 extended from th: international
boundary line northward to the Arctic cirele. The claims staked
under the direction of Dr. Bosworth in the Fort Norman distriet were
transferred to the Imperial Oil Company in 1919. A driling outfit
was sent into the Mackenzie river field by the Imperial 0il Company
in 1919 with Geologist T. A. Link in charge. The first well was
located in the far north close to the Bosworth lease which had been
staked by Dr. Bosworth in 1914. This well site is situated forty-
five miles below Fort Norman on the east side of Mackenzie river, a

few yards from the high water level. This site is eclose to the Arctie
circle,
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The drilling party remained in the north throughout the winter
of 1919-20. Drilling operations were commenced early in the
spring of 1920, and Mr. Link continued a geologieal survey. The
first indication of oil in the well was found within 200 feet of the
surface, but it was not until the end of August when the drill had
reached the depth of 800 feet that a strong flow of oil and gas was
struck. This diseovery has attracted world-wide attention-

The first intimation of the discovery which reached the outside
world eame through the press under the caption, “Oil Struck at Fort
" Norman, a Barrel a Minute Flow.” The faets, however, are some--
what different from the first report, which was not official. Mr.
Link, who was in charge of the drilling and was present when the
diseovery was made, has stated publicly that the pressure was suffi-
cient to throw the oil some distance above the top of the derrick.
The flow, however, was intermittent.

Between the gushes a two-inch pipe was attached to the top of
the ecasing and the well was capped. No accurate measurements
were made of the quantily of oil which flowed from the top of the
casing. )

The oil taken from the well has an olive-green color and a
gravity between 36 and 39 degrees Beaume. The oil has a paraffin
base and there appears to be no asphalt base present.

A sample of the oil collected by a member of the party in charge
after the well had been capped, and given to the writer, has been
analyzed in the Industrial Laboratories at the University of Alberta.
The following are the results of this analysis: ‘ '

Original Sample, 36 Degrees Beaume.

Digtillation of Oil—

70 to 150 degrees C. ... .. ... 21.5 per cent
150 to 300 degrees C. ... 37.5 per cent
300 to 350 degrees €. ... ... 34.0 per cent
350 to 375 degrees C.  .................. 6.0 per cent
LiOBE oottt e 1.0 per cent
- Uommereial Indication—
Commereinl gasoline ............... ... ... 21.5 per cent
THuminating oils ..o 37.5 per cent
Light lubricants ............ ... 0. 0.0 34.0 per cent
Medium lubrieants .............. ... ... 6.0 per cent

A copy of the government report of analysis of Fort Norman oil
made by J. H. H. Nicolls at the Mines Branch, Department of Mines,
~Ottawa, has been given to the writer. This report, No. BHT4, is

as follows: _
No. 1719.—Sample of crude oil from 872-foot well drilled at Oil erveek,

53 mil_es below Fort Norman, NW.T., by the Imperial Oil Company, sent in for
analysis by Deputy Minister of Mines. ‘



5

SECOND ANNUAL REPORT 101

The oil is opaque, dark olive green, with an odor between those of kero-
sene and gasolene. Tt is ecompletely soluble in petroleum ether, indieating
that there is no asphalt base present.

Engler
Continuous Intermittent Speeific

Distillation Method Method Gravity Color
First drop 60 degrees €. 59 degrees C.
Tp to 100 C. 6.5 .. 7 e.c. 0.687 Colorless
100 to 160 (7)) 12.0 c.e. 14 el 0.735 Joloriess
150 12.5 e.c. 12 el 0.783 Colorless .
200 250 10.5 e.c. 11 e.e. 0.818 Colorless, opalescent
250 300 105 e 10 c.e. 0.837 Very faint yellow,

; ’ : opaleseent

300 350 10.0 c.c. 12 e.c. 0.861 Straw yellow,
Residue (by dif- ) opalescent

ference) : 38.0 c.e. 34 ¢ 0.929 Dark brown with

olive green tinge
Probably some cracking here
Specifie gravity of original oil ealenlated from the above figures, 0.837. There
was insufficient vesidual oil from distillation to determine its viscosity, bus
at 100 degrees F. it flowed very slowly, and at 210 degrees I comparatively
rapidly, from a Redwood viscosimeter.

Calorific value—

Calories per gram, gross ................... 10,320
B, Th. U, per Ib., gross ............... ... 18,582
Bulphur .o o 0.02 per cent

Signed: J. H. NICOLLS,
Acting Chief Fngineering Chemist.
It is reported that the bottom of the well is in dark eolored shales
which are overlying a sandstone stratum, and therefore a larger flow
of oil is believed to exist in the more porous formation below.

The discovery of oil indicates the ocecurrence of an undefined
oil field. The extent of this field and the quantity of oil which it
contains cannot be estimated, but must be proven by drilling opera-
tions. There are great difficulties which will hinder the develop-
ment of this field into an oil-producing eentre. The prime difficul-
ties are the inaccessibility to transportation, the rather severe winter
season, and the short summer season, which is about four months
in length. In spite of these difficulties a rush is already under way,
and lease-staking parties are already on the road to the new far
north oil fields, The new oil regulations which came into effcet
in Janvary, 1921, have abated the interest and excitement
temporarily, but increased activity 1s anticipated in the spring.. An

-aerial- service is being established from Hdmonton or Peace River

to the Fort Norman field, which, if suecessful, will assure a longer

season for field aetivities.” This discovery does not yet assure a

large reserve for future consumption, but the indications are suffi-

clently favorable to instil optimism as to the future oil possibilities

in Western Canada.

*On Mareh 12, 1921, the two neroplanes owned by the Imperiai 0il eomp}lﬁ—}}
made their first trip from Peade River to Hay River Post of Great Slave

lake. The trip was made suceesstully when the temperature ranged from
20 to 25 below zero. The planes retuwrned ou the 14th.
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SALT

INTRODUCTION

" In the First Annual Report on the Mineral Resources of Alberta,
pages 87 to 102 ave devoted to the subjeet of sait.”  The consumption
of salt in Canada, uses, composition and types of oceurrences of
sodium ehloride in the form of rock salt, natural brines or artificial
brine are briefly outlined. All of the occurrences of saline springs
in Alberta and in the Mackenzie basin were briefly deseribed, and
all references to salt in any form in this area were briefly summarized
from government publications and other sources, The varions oecur-
rences will not be further referred to at this time.

For some vears there has been an impression that enormous
deposits of rock salt oceurrved in Northern Alberta, particularly in
the vieinity of Fort McMurray. This idea resulted from the fact
that two wells had been sunk at the mouth of Horse ereek, about
a mile south of MeMurray townsite. Jn the records of these borings
two immense beds of roek salt were reported. The reecord of No. 1
well i$ so ineomplete that it was regarded as of little importance, but
in well No. 2 there was reported to be two beds of salt, 100 feet and
90 feet in thickness respeetively, separated by 75 feet of limestone.
These wells were drilled with the ordinary standard of churn drill
and no samples were kep: of the mud from the different beds.

After having examined all available data and having ¢onsidered
field indications of the oceurrences of rock salt, I recommended that
the presence or absence of rock salt in commercial quantities would
be easily proven by drilling a test well with a core drill in the vieinity
of Fort MeMurray. As a result of this recommendation, the pro-
vineial government obtained control of the salt rights in an avea
along the Clearwater valley from the Athabasca river at MeMurray,
eastward up the valley of the Clearwater along the proposed line 6f
railway. A retary Davis Calyx drill manufaetured by the Ingersoll
Rand Compdny, Limited, was secured, and a well was started in
October, 1519. The well is sitnated within the townsite of Me-
Murray, on river lot 8, block 4. lot 7, on seetion 21, township 89,

*Allan, J. A, Mineral Resources of VAI"bverta, Edmonton, 1920, p. 87,



Seconp ANNUAL REpPoOrRT , 103

range 9, west of the 4th meridian. The drilling operations were
managed by Mr. Wm. Pickles, and he was assisted by three men.
Congsiderable difficulty was encountered elose to the surface deposits,
which ave of river origin, as the well is located over an old channel
of the Clearwater river. ' ‘ '

Operations were continued intermittently during the winter
1919-20, which was exceptionally long and severe, but resumed activ-
ity eommenced in the early spring. The progress of the whole was
very slow. due to the faet that the character of the formations
encountered were such that it was necessary to make various changes
in the equipment. Repairs and new equipment had to be procured
~in Hdmonton or in several cases in eastern Canada. The transpor-
tation difficulties between Fort McMurray and Edmonton were so
oreat that frequently a week or more clapsed before the necessary
material could be obtained. Drilling was continued until November,
1920, and the plant was shut down when the drill had reached a
depth of 68514 feet, and when the required results had been obtained.

q, LOCATION OF TIIE SALT WELL

Fort MeMurray is situated on the east bank of the Athabasca
river in township 89, range 9, west of the 4th meridian, at the mouth
of the Ulearwater river. Horse creek enters the Athabasea about
one mile south of the mouth of the Clearwater, which flows on the
north side of the fownsite. Between MeMurray and Horse creek lies
a ridge 250 feet high made up lavgely of bituminous sands, eowm-
monly kunown as ““tar sands,” which vepresent the ‘‘McMuwrray
formation” of middle-upper Cretaccous age. The town of MeMurray
18 located on a series of flat terraces which rise like steps above
Clearwater rviver- The uppermost terrace stands thirty-five feet
above the normal level ol Athabasca river. These térraces consist
of gravel, sand and clay, which have been deposited by the Clear-
water river at various stages in the post-glacial development of that
valley. The terraces when followed eastward along the Clearwater
disappear when respective levels eorrespond to those in the present
stream, or where the river has washed away all evidence of the
terrace due to the widenuirg of its present course.

GENERAL GEOLOGY

The terrace deposits at MeMurray are lying directly on top of
a limestone series which is upper Devonian in age. The top of these
Devonian limestones are exposed on an island which lies in the mouth

of the Clearwater, and also along the banks of the Athabasca north o

and south of MeMurray. The limestones are overlain by bituminous



SECOND ANNUAL -REPORT 105

sands (McMurray formation) that are of middle-upper Cretaceous
age. There is therefore an erosion contact, which represents a long
period of time, between the Devonian limestone and the bituminous
sandstone. : :

The succession of formations up Athabasea river between Me-

Murray and Athabasca Landing as described by MeConnell is as
follows :* .

La Biche shales ........ F 900 feet
Pelican sandstone .................... 40 feet
Pelican shales ............ PP 90 feet
Grand Rapid sandstone .............. 300 feet
Clearwater shale ..................... 275 feet
. Bituminous sands ............. 0 to 200 feet
Devonian limestones .................. 30 feet

The difference in elevation between the Clearwater and the
plateau to the south is about 300 feet. At various points along the
valley of the Clearwater the bituminous sands and the Clearwater
shales are exposed, overlying the Devonian limestone. By locating
the salt well at Fort MeMurray the minimum depth to the salt-
bearing horizon was obtained.

CORE OF SALT WELL

By using the Calyx core drill and by preserving the core, a
complete record of the various beds encountered in the well has
been obtained. The diameter of the well at the surface is ten inches.
The bore hole was reduced to eight inches at ninety-five feet from
the surface, to six inches at 113 feet, ‘and again to five inches at

512 feet. This diameter extends to the bottom of the hole, which |

is at 68514 feet. The upper ninety-five feet is protected with
954-inch casing and 73-inch casing extends to 112 feet. It was not
the intention to case the hole, but when the drill had reached 512
feet certain shale beds were caving so badly that it was necessary
to case the hole to this depth. The diameter of the hole was then
redueced to five inches but as no serious difficulty arose from caving
in the strata passed through below this depth no casing has been

used.
The roek core is not complete throughout, as many portions of

it were soft and were washed away during drilling. All of the
core fragments obtained were carefully labelled and properly boxed.

The entire core as obtaingd was brought out during the winter to -
Edmonton, and is now permanently preserved in a room for this

;McConnell, R.G.,, Geol. Surv., Can. Ann. Rept., Vol. V. Part D, 1890-91, pp. 27-62

W
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purpose at the University of Alberta. After making a detailed
" examination of every part of the core I have arranged the entire
core in trays properly labelled and placed on shelves in consecutive
order, so that it is possible to examine any portion of the core with-
out having to remove a single fragment. The complete core of the
salt well may be seen by any one interested in the rock formations
in Northern ’Alberta, by informing the writer, or any other person
at the University of Alberta who may be acquainted with this core
material. ) : ‘

The value of this core cannot be estimated as it contains a com-
plete record of the formations below the surface at MeceMurray for
a depth of nearly 700 feet. As it is reasonable to expeet that the
formations are related lithologically throughout all Northern Alberta
and even in the lower Mackenzie basin, the data obtained from this
well will prove of value to any one carrying on drilling operations
in the north. The record would of course be more complete if a
hole were drilled down to the pre-Cambrian granites at the bottom
of the sedimentary series. One well drilled by the Athabasca Oils
Limited, fifty-six miles below McMurray, extends into the pre-Cam-
brian rocks. The log record of this well is given on page 97 of the
-First Annual Report, and is repeated in another part of this report.
By correlating the data from the MecMurray salt well with all avail-
able data in Northern Alberta, more valuable information is obtained
regarding the geological structure in the north. :

Further detailed study is being made of the rock core, as all of
the fossil types have not yet been determined. The information
which is now on hand regarding the rock core is given below. A
columnar seetion of the well is given in Plate 2, but the information

" is of necessity generalized on aecount of the scale. This columnar
section is made from a log drawn to a scale in whieh one foot repre-
sents eighty feet, but as this section is nearly nine feet long, it eould
not be conveniently included in this report. The section prepared
from the rock core is as follows:

LOG OF SALT WELIL, FORT McMURRAY
Depth from Thickness

Strata Surface in Feet
Loose soil and sandy loam ....................... 0 — 15 15
Quicksand .......o. i BN 15 — I8 3
Blue alluvial mud ...... ... .. ... .. .o i 18 — 41.5 13.5
Hard sand ... ... i i 41.5— 42 0.5
Heavy white silica sand .............c....o .. 42 — 535 13
Boulders and granite sand, basc of river deposity... 55 — 60~ 3
Shaly limestone; core fragmental .................. 60 — 78 18

"Crevice in limestone filled with sand and granite
boulders ........... . .iiee 78 — 95 17

LY
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CORE RECORD OF SALT WELL NO. 1.
Compiled by J. A. Allan.

Feot

Drilled by Alberta Government at Fort MeMurray

Guickeand,

Bloe wliwvial wud,

ehite saed and heulers.

Shaly limestose with ereviees Flled with sand and
ek N

e Fassiliferons limostona.

Thale and Hwestans interbedded.

32

144

o3

%

so0 13T

7
[y
19 Staly limestene.
44 Calearesus shule inceding 7 ft. soapy shalo mear top.
13 Motthd Hmestone.
Gt Masive fossilifersns limvstone.
)
5 Fiagile shalc
18 Fossiliferavs limestene.

Boft Mise sl grey shale.

Mytile hmastiae.

Calearcons shale with § ft. talesus xkale at top.

. 28 Dark grey Nmostens.
412 =
T il WAl
. 12 Grey limest
7 ot R,
3 Foestiferous Twmatons. .
. i
v A
26 Grey Usloarvens shale.
10 Groy massive limsestone,

Trd unhydeite sed grpowm. .

T
1 aud gypsom.
8 Bluo shalo,
8 Gypsum aud st
. T Grevn ond_browa shale.
28 |55 White asd bhish ashydrite with gypsenr nar top,
o i
- 11 Ashydite sad gypesm.
——
T Rock Salt and saline Mud.
eaR | eI T Salt and anlyarite, part miewng,
14 woparent Reck Snit.
. 852 I Aubydrite end gypaum,
i Poek Salt and anhydnits,
£ Timestone and Kotk Solt,
Loy % Compacf, hard anhydiite,

T Aceosspany Seeand Annual Beport, 1828, by J. A, Altan,
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Depth from Thickness
Strata Surface in Feet
Massive grey fossiliferous limestone, beginning of
eight-ineli hole ... . .. .. .. . . ... i L 95 — 107 12
Thin bedded grey ealeareous limestone with thin shale
layers e 107 — 111 4
Massive grey lnmwtuuo 111 — 124 13
Hine textured soft grey hmestnne th pvnte uodulc 124 - 126 2
Coarscly erystalline grey limestone ... ... .. ... 126 — 133 7
Mottled grey limestone ........ e e 135 — 139 6
Thin bedded limestone and mlcmeous shale with 3
inehes hard fragmental limestone with fossils 139 — 144 3
Greenish grey calecareous shale with many thin Hme-
stone layvers less than half an inch in thickness 144 — 130 [
Shaly fossiliferous limestone ... .. ... ... .. .. .. 1800 — 152 2
Lintestone with caleareous shale bands ............ 152 155 - 3
Thin bedded grey limestone ................ 155 159 4
Greenish grey caleareous shale 8 mche mnttltd
stome ... 159 — 163 4
Massive wmottled hmeqtmw e 163 — 164 1
Shaly fragmental limestonwe ..............0. e 164 — 174 10
Massive beds of shaly limestone with shale bands (9
inches of limestone with pyrite) ... . ..., 174 — 178 4
Bluish grey taleose shale ......................... 178 — 185 7
Grey caleareous shale ... .. ....... . S 185 — 190 5
Dark grey compact caleareous shale .......... oo 1800 — 222 32
“\Iasal\'o compact mottled limestone, complete core... 222 — 235 13
Massive fossiliferous limestone, core complete... .. 235 - 242 7
Fragile fossiliferous limestone ... ... .. ... ... .. 242 — 243 1
Massive mottled fossiliferons  Bmestone .......... 243 — 279 36
Greenish grey compact-fossiliferous argiliaceous lime-
stone, an imperfeet fossil speeimen, probably
a Stropheodont ... o L i 279 — 282 3
Massive mottied fnwihfmous limestone (thu core
between 222 and 200 is almost complete) ... ... 282 — 2900 ]
Very fragile shale (Eatonia vaviabilis) ... .. e 290 — 205 5
Massive limestone made up largely of fossils ... ... 295 — 313 13
Dark grey ealearveous shale ..... e 313 — 316 3
Fragile taleose shale, very plastic . .. 316 — 327 11
Hard grey fossiifervous limestone .... . ........ .. 327 — 328 1
Bluish talcosc shale, pyritized fossils ............... 328 — 340 12
Soft bluish shale with 4 inches hard limestone at top 340 — 355 s
Massive fossiliferous Hmestone almost entirely fossils
(Cyrtina eurvilineata) .................. ... 2
Bluish shale with ealearcous hand at the t()p ...... .3 7.
Mottled limestone, few fossils ... . ... ... 2
Taleose shale ... . .. . i 3
Grey limestone ... 1
Fragile caleareous *!hdl(" struck small gas po(‘hef at
377, very little smell (Atryvpa Lctl(:ula,us and
Cyrtina eurvilineata) ............... R 373 —— 383 10
‘Roft taleose shale, core reduced in size by water ... 383 384 1
Bluish grey argillaceous limestone 384 386 12
Thin - bedded dark grey limestone 386 —— 402 (8
Soft thin bedded grey limestone, mueh trouble from
caving betwéen 384 and 412; this bed might be
called massive caleareous ........... .00, o402 — 412 10
Talcose shale, mueh’ of the core washed away ...... 412 — 418 6
" Massive grey limestome .............. ... .. 418 — 425 7
Argillaceous  limestone .......... ... . ... P I 425 — 428 3
Zott greenish fossiliferous shale, small 1)0<,k9 of )
gas with strong odor ... ... ... P 428 —— 435 7
Thin bedded grey fossiliferous llmwtouo ......... 435 - 438 3
Soft taleose shale with shaly limestone ....... oo 438 - 442 4
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Depth from Thickness
Strata Surface in Feet

Greenish caleareous shale (Atvypa rvetieularis, Sehi-
zophoria gtriatula, Cyrtina ¢urvilineats Crinoid

stem) ... — 435 13
Avgillaceous limestone ... ... . .. — 457 2
Grey compact ealeareous shale ................... 1 33
Massive mottled limestone; at 500 there iy a sharp

change to gypsum and anhydrite ......... ... — 10
Grey and white oquum ......................... — 2
Anhv drite with irregular lenses of selenite (gypsum) — 3

i o
Siliceous shale and  gypsum 2
Limestone and anhydrite ........... ... .. ....... — 2
Shale with gypsum bands and lenges .............. 8
Anhydrite gypsum and shale interbedded ......... — 13
Bluish grey shale ............ e — .8
Thin bedded gypsum and shale ... .. ... ... ..., - 9
Brown shale ..o o oo o o — 4
Darvk green shale ... ... . ool 4
White anhydvite : —— 8
Brown shale ... . . 570 1
Bluigh gypsum and anhydrite .................... 571 — 1
Anhiydrite ..o 572 — ¢ 5
Anhydrite and gypsum ... L G617 -— 628 8
Brown dolomite limestone ........... ... ... ..... 625  — 1

1

No core, washings saline ................ . ... ... S 6260 = 627
Anhydrite and gypsum, the salt crystals .......... 627 — 4
Porous granular cove, ]alébl\’ roek salt ..o oo G981 — 4
Hard dnhwhm ................................. 635 1
No core but washings saline, specific gravity of

hrime 1.09 ... . 636 — 641 5
Granular porous mass, salt and anhydrite ........ 641 — 645 4
No core but the saturated brine, specific gravity 1.23

(434 pounds of salt evaporated from 2 imperial

gallong of brine) ... ... ... .. ... oo 645 — 3
Rock salt, transparent and eolorless .......... s, G480 — GG 14
Anhydrite ... e o G862 — 1
Salt and anhydrite ... ... . o0 663 -— 666 3
Impure anhydrite ... ... ... ... ... .l 666 — 687 1
No eore, many salt fragments ......... B 667 — 670 3
Salt, most of eore dissolved ............. ... ... .. 670 — 674 4
Anhydrite and roek salt ... ... ... .. .ol G674 - 675 1
Dolomite and salt ... .. e G675 — 679 4
Coarse granular anhydrite ... .. ... ... .. .00y 679 — 683 4
Compact finely erystalline anhydrite, the bottom of

the hole is still in the anhydrite ........... 683 — 685.5 2.5

This core shows that the sirata in the lower 165 feet, that is
below the 500-foot level, consists largely of anhydrite, gypsum and
rock salt. As the bottom of the well remains in anhydrite, and as
there is no indication of a change in the character of the roek, it is
reasonable to expeet that there may be even a greater thickness of
rock salt below the depth reached in the well. Iowever, at least
fourteen feet of transparent commercial roek salt occurs between
648 and 662 feet in a single bed. 'The fragmentary character of
the core, and the small amount of solid rock in the core below 631
feet, seem to indicate that in the last [ifty-five feet of strata there
are possibly twenty-five to forty feet of comparatively pure roek
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salt, interbedded with anhydrite and shale, but, nevert‘heléss, of
commerecial value,

The quality of the salt is satisfactory, as is shown in the follow-
ing analyses, all of which were made in the Industrial Laboratories
at the University of Alberta:

ANALYSES OF ROCK SALT FRO\I DRILL CORE

{
|
1 2 3
!

Water soluble ... . . 53.78 |
Insoluble matter ... ... ... .. . i 46,32 0.24 | 0.46
Analysis of water soluble— ! ’ !
Caleinm sulphate ((;JQO) ...................... P 104 4.74 0.90

H i
Sodium chloride (NaCl) ........ ... ... ... . ... 97.28 94.78 98.46
Tgnition loss ............... [T 0,40 R
Magnesia ... ... i Ve 0.00 0,00 0.00
Potash .....: e e s 0.00 0.00 0.00
’ i
‘ E 5 i
‘ l
Imsoluble ... . .. E ..... BV 11
Caleiwm sulphate ... ... ... ... . oo S, 2.48 2.78 1.84
Sodinum ¢hloride ........... ... e [ 97.01 96.58 97.64
Tgmnition loss ... .. oo 0.2 0.18 0.28
Magnesia ... i R S {1 G.00 0.00
POLASI oo 0.00 | 000 | 0.00
i
1. Traunsparent rock salt from 660 feet.
2. Roek salt from 14-foot bed.
3. Transparent rock salt 650 feet.
4, Brine taken from the well at 660 feet.
5. Rock salt with anhydrite lenses from 645 feet.

Brine from the bobttom of the well at 685 feet when drilling ceased.

Cfa

These analyses show that the chief impurity present is calcium
sulphate, which is not presentin sulficient quantity to be detrimental
to the salt for market purposes. The salt capping at 64715 feet
is almost a pure anhydrite with a small quantity of gypsum. The
analysis of the rock is as follows:

Residué ... .ot 0.62
Lime ... b 39.29
Magnesia ... i e 0.28
Sulphuriec an Wdute ....................... 55.80
Igmition loss ... ... ... oo 3.91

There are many beds of anhydrite and gypsum of commereial
guality which would prove valuable if there was a market for this
mineral, and if at any time the rock salt should be recovered by min-
ing. Several analyses were made from the core at various depths
below 500 feet, where the gypsum and anhydrite first oceur. These
analyses show that there is considerable thickmess of anhydrite and
gypsum in the strata pierced by this well. These minerals are of
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commereial quality if a market could be found for the produet.
All of these analyses were made by J. A. Kelso and the results ave

as follows:

ANALYSES OF GYPSUM AND ANHYDRITE FROM SALT WELL

| No.l | No.2 | No.3 | No.4
| f !
_, | T om | s |
Depth in fect ... ... . ... . L, | had 546 ] 564 | 662
Residue ... oo o o I - Loo2.02 | 4.22
Lime .......... ... | o32.81 17.36 | 33.88 | 8742
Magnesia ... L. J 514 6.66 | 0.98 1.25
Sulphurie anhydride ... ... ... ... | 58.11 0.63 | 48.62 | 54,08
Ygnition Joss ... oL 2.72 25.62 14,01 | 0.72
Siliea ... o ‘ ..... 34.20 ... e
Trvon oxide ... ... ... e [ 2,00 ... |
CAlumiina Lo 1; 9.20 1 ..., Lo
Alkalis, ete, ... ..o o L o .83 1 5 .....
Sodinm elloride ... ... ... e U S L1998
! ;
! :
| ! |
| No.5 | No.6 No. 7 No. 8 | No. 9
| i !
i
|
Depth in feet ............. [ 664 | 6685 | 666 671 676
Residue ... o562 0 520 0 102 4.72 | 2.01
Oxide of iron and alumina...| 35,98 .. ., .02 1 o0 L
Lime ... ... . . L. . 34.58 35.27 2946 35.84 | 35.56
Magnesia ...l L0.00 0.24 | 0.00 0.46 | 6.66
Sulphurie anhydvide ..., .. 49.07 49 .16 41.88 ] 30.67
Rodinm chlovide ... . .. P 0.388 0.58 | 20.90 5.02 H 0.32
Tgnition loss ...............0 4.01 9.02 ¢+  2.78 1.24 4.52
| | |
No. 10 | No, 11 |
| |
Bepth iu feet ... ... oL L 681 | G684 | 670
Residue ... . ... . ... . ... ... [ 402 o !
Lime oo oo . 37.04 ) 40.78 |
Maguesia ....... ... i 0.12 o 037
Sulphurie anhydvide ... ... ... ... ... 54,62 | a8.34 |
Sodium e¢hloride ... .. .. .. .. ... : 1.02 b0
Tonition 1088 ..o R0l | 02|
i i i
i ! I

The strata penetrated Ly the drill are remarkably free from
water as no appreciable flow of water could at any time be detected

in the well,

be contemplated for the recovery of salt,

This i an important factor if mining opemtmns shmxh

The information obtained from the rock corve makes it apparent
" that the extraction of the voek salt by mining would be the most

feasible one.

There are at least fourteen feet of sufficiently pure
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rock salt whieh could be mined and marketed without further treat-
ment, at the same time possibly a considerable thickness of less pure
roek salt could be mined from other beds, which would require addi-
tional treatment. If a shaft were sunk to the rock salt horizon,
certain gypsum and anhydrite beds could also be mined when any
market demand should arise for calcium sulphate.

For the purpose of comparison with the records from this well,

the logs from three other wells in the vicinity are given:

No. 1T WELL, MOUTH HORSE (CREEK

Loose surfuce material .............o. oo 0 — 17 feet
Limestone ... . . 17 — 117 feet
Soapstone and limestome ................ ... oo, 117 — 520 feet
Balt 520 — 620 feet
LAmestone ... 620 — 635 feeb
Salt ... e S 635 — 740 feet
LAmestone ... 740 — 770 feeb
Bandstone ... 770 —-1475 feet
No. 2 WELL, MOUTH HORSE (REEK

| ,

\ Top Bottom | Thickness

| Feet Feet
Loose surfaec material ................... S 17 17
Tdamestone .......... ... ... LU 17 e 77 60
Shale ... o 77— 82 15
Limestone ... e 92 — 152 60,
Shale o 152 — 192 40
Boft shale .. ...t 192 — 197 5
LAmeSLOIE it e e e e 197 — 237 40
Bhale . 287 — 248 5
Tdmestone ... ... o i i 242 -— 362 120
Shale ... 368 — 382 20
Tamestone ........ e oo, 382 — 462 80
Bhale .. e 462 — 502 - 40
Edmestone ... ... . e 502 — 562 650
Bhale ... . 562 — 592 30
LAmestome ... i e e e 592 — 604 12
Salt and water ....... ... ... ... ... . ... ... 604 — 704 | 100
Limestone .7 ... .. .. o e 704 — 779 75
Salt o | 770 —  8GY 90
Limestone ... e ’ 8G9 — 999 130
Bhale 1 999 — 1059 | 60
Brown sandstone ....... ..., [ 1039 — 1119 60
Brown Medina voek ... . o e | 1119 — 1139 20
Hard red rock (streaked) .................... t 1139 — 1405 266
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No. 3 ATHABASCA OILS LIMITED WELL

Surface deposits ... . R 14 . feet
Bituminous sand ... e S 65 feeb
Shale L e e e e 20 feet
Bituminous sand .. e 57 feet
Bhale L 175 feet
LAmestone .. ... . e 65 feet
Shale .. e 20 feet
TAMESTOIE ottt e 175 feet
Gypsum ... PP 130 feet
Limestone (containing a salt water stratum) ......:....ovvereen 19_; feet
Red TOCK ot ittt e e s e 63 f‘eet
Hard reddish flinty sand (second salt water stratum)........... 130 feot
Reddish granite (eontaining gold) .......conioiiiieaeiee e 25 feet

Numbers 1 and 2 are from well No. 1 and well No. 2 sunk on the
property of the Northern Alberta Exploration Company, between
1907 and 1912, near the mouth of Horse ereek, about one mile south
of the site of the Alberta Government salt well. The log record of
well No. 1is of no value, while that of No- 2 has but a slight resem-
Blance to the accurate log obtained from the salt well on MeMurray

townsite:

Number 3 is the log of well No. 1, owned by the Athabasca Oils
Limited, and situated on the east bank of the Athabasea river about
twenty miles below MeMurray.  This log shows 130 feet of gypsum
beginning at a depth of 195 feet, and is interesting for comparative
purposes only, as the details are not sufficient to make it of practical
importance.

In conclusion it may be said that the record of the Alberta gov-
ernment salt well at Fort MeMurray shows that there is a eommer-
cial gquantity of roek salt available for extraction, and the marvket
in Alberta and the other western provinees is sufficient to warrant
the further exploitation and development of this mineral resource.

The rock core also seems o prove a stratigraphic problem of
vast importance to mineral development in northern Alberta. I
would seem that all of the racks to the gyvpsum horizon at a depth
of 500 feet in the salt well are of upper Devonian age, and that there
are no middle or lower Devonian beds present which would corres-
pond to the formations of those ages found in the lower Mackenzie
basin. It is generally supposed that the gypsum and rock salt in
central Canada belongs to the upper Silurian. I this is the case,
‘1t would seem that the middle and lower Devonian rocks are missing
at Fort MeMurray., The fossils that have been determined secm
to indicate that all of the strata to a depth of 500 feet belongs to
‘the upper Devonian. This information is of great importance te
anyone contemplating drilling for oil or any other mineral in that
part of Alberta.
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LIST OF FOSSILS FROM SALT WELL CORE

The fossils from the core of the Salt Well have been determined
by Mr. P. 8. Warren of the University of Alberta.”™ His report on
the fossils determined follows: .

REPORT ON THE FOSSILS DETERMINED FROM THE CORE

OF SALT WELL NO. 1, MeMURRAY, ALBERTA

Depths are given from the surface in feet.

95 to 153 Fossils very difficult to extraet.

Fragments of Atrypa reticularis, a small Spirifer and a Gastroped

133 to 139 A species of Leptodesma vely common.
139 te 144 Possils plentiful.

144
164

174
222

290
265

813

to

to
to

to

to

to

Schizophoria striatula.
Atrypa spinosa.
Atrypa reticularis.
Produetella sp.
Spirifer sp.

Eatonia ¢f. variabilis.
Cyrtina sp.

Crinoid stems,
Spirorbis omphalodes.
Bryozoa sp.

164 No fossils obscrved.

174 A species of Spirifer very abundant, also a species of Cyrtina
Atrypa spinosa.
Atrypa reticularis.

222 No fossils observed.

235 Schizopheria striatula.
Atrypa reticularis.
Atrypa spinosa.
Productella sp.
Crinoid stems,
200 A gpecies of Productella very common, also
o Atrypa veticularis.
Atrypa spinosa.
Schizophoria striatula.
Stropheodonta demissa.
Cyrtina sp.
Gastropod sp.
Crinoid stems.
205 No fossils observed.
513 Atrypa reticularis.
Stropheodenta demissa.
Sehizophoria striatula,
Euomphalus sp.
Spirifer sp. o
‘Crinoid stems.

360 Fossils mostly in thin limestone bheds.
Atrypa reticularis. :
Schizophoria striatula.

Cyrtina sp.
Spirifer sp.
Aviculopeeten sp.
Crinoid stems.

*Department of Geology, University of Alberta.
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360 to 426 Fosgils searce.
Atrypa reticularis.
Cyrtina sp.
g ~ Spirifer sp.
426 to 442 Spirifer sp.
Sehizophoria striatula.
Atrypa reticularis.
Leptodesma sp.
Lingula spatulata.
Eatonia sp.
442 to 490 Lingula spatulata very common and also
Lieptodesma sp., Dbesides which—
Reticularia
. Schizophoria striatula.
480 to 500 Atrypa reticularis.

“There were no fossils observed below this point.

“It is difficult to determine the age of this fauna on account of
some of the species being new and the lack of good horvizon markers
I would place it in the upper Devonian for the following reasons:

““1. The presence of Lingula spatulata.

““2. The resemblance of this fauna to that obtained in the upper
Devonian as developed on Hay river,” some of the fossiliferous
bands being absolutely identical. :

“The déntire absencee of the typical middle Devonian fauna as
developed on Great Slake lake.””

SALT SPRING DEPOSITS ON SALT RIVER

In the First Annual Report on page 90 a description is given of
the occurrence of numerous saline springs including those on Salt
river. During the past summer I visited these springs when making
a survey of the extreme northern portion of this provinece. Salt
river is situated about twenty-five miles west of Fort Fitzgerald
and Fort Smith, as shown on Plate 1, which is a key to various
important mineral deposits within and close to the boundaries of the
provinee. The river rises a few miles south of the 60th parallel
of latitude, which is the northern boundary of the province. . It
flows in a northerly direction into the lower Slave river, which it
enters about twenty miles below Fort Smith. The saline springs are
situated along the base of an escarpment made up largely of gypsum
and shale which fringes a broad flat prairie on the west side of
Salt river, known as the ““Salt Prairie.””  This prairie for a distance
of from two to five miles from the escarpment in the vicinity of the
springs is almost perfeetly level. Over a large area it is void of all
vegetation except a salt plant, Salicornia rubra, as defermined by
Professor . J. Lewis. Oecasional islands and peninsulas sparsely

*Geol. Surv., C'm.:AmL Rept. {(New Séﬁas) Vol. IV, 1888-89, Tart D, pp. 70-71.
fRecent collections made by Mr A. I Cameron in that region.
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covered with spruce and poplar rise from two to fifteen feet above
the level of the prairie. A small creek tributary to Salt river draing
the prairie, and the water in the creek is strongly saline,

Only five of the numerous saline springs were visited and

these oceur as bubbling springs, small streamlets, and as mere threads
of saline water rising to the surface close to the escarpment, or
coming direetly from the hase of the escarpment,

At the time of our visit to these springs on July 4 the flow was
very small.  From one of the prineipal springs there were about
150 tons of salt aecumulated on the surfaee‘, but the flow had prac-
tically ceased. Considering the quantity of. salt present the flow
from these springs must have been considerably greater in the earlier
part of the season. )

The brine from these springs precipitates the sodium chloride
as soon as it comes in contact with the atmosphere; in this way a
deposit of salt accumnlates. At the time of our visit a gquantity of
salt available about the springs which were observed was estimated
.to be about 400 tons., At the Mission spring, situated about six
miles south of the forks of Salt rviver, the deposit of sodium ehlorvide
had a depth of three feet and measured less than 100 feet in diameter.

At the ““New Salt Spring,”” about a mile sonth of the Mission
spring, the brine at one point observed was rising in a small basin
so fully saturated that salt crvstals were being formed on the sur-
face of the pool, and were floating down the streamlets to add to
the deposit, :

Analysis 1 was made from brine taken from one of the “New
Salt Springs.””  The specific gravity of the brine was 1.203.

Analysis 2 represents the composition of the water from the
Mission spring. The speeific gravity of this brine was 1.198.

Analysis 3 represents the composition of the salt deposited at

the ““New Salt Spring.”” These analyses were made by J. A. Kelso
in the Industrial Baboratory at the University of Alberta.

|
1 ! 2 3
!
Sodiwm chlovide ... . 0 | 98.65 *I 98.51 95.50
Caleinm carbonate ......... ... . ... .. ... ... - 0.07 | 0.08
Caleium sulphate .......... .. .............. ... 1.14 ( 1.09
Magnesinm chlovide ..... ..., e 0.14 e
Magnesium sulphate ........0 ... ... ... ... ..., . 0.32 s
. Sedinm sulphate ........ . oL . e 3.9
Lime ... e 0.08
Magnesia ... oo o ‘ 6.00
Insoluble ....... .. .. ... .. . L, | 0.14
Tgnition loss ... i ( 0.20

| |
i
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About five tons of the salt from these springs and from those
owned by the Hudson’s Bay at the forks of Salt river are eollected
apnually. The salt is used at Fort Smith and at trading posts and
missions in the lower Mackenzie distriet.

- Arrangements have been made by the Mackenzie Fisheries Litd.
to make use of this salt next season at their fishing plant, which
was constructed in 1920 on the north shore of Lake Athabasca, near
the head of Black bay. Salt from these springs was purchased last
season by our party at Fort Smith for ten cents per pound.

SENLAC SALT LAKE

Senlac salt lake is situated in the southeast half of seetion 30,
township 39, range 25, west of the third meridian, and in the north-
east half of section 19 in the same township and range. This lake
lies about eighteen miles east of the inter-provincial boundary in
Saskatehewan, but since an attempt is being made to recover salt
from these sources a few notes might here be added on the oceur-
rence.

The area of the lake is about 185 acres and lies in a depression
"in an area of rolling topography- The lake is close to the old Sound-
ing Lake-Battleford trail, and about ten miles southeast of Senlac on
the Canadian Pacific railway. In the dry season the bottom of the
Iake is exposed and comsists of a mud containing numerous salt
erystals. Around the margin of the lake the only vegetation which
grows is a salt plant, Salicornia rubra. This plant is abundant and
it seems to indicate that the mud contains a high percentage of
. sodium chloride.

A company has been formed for the purpose of recovering
godinm chloride from the brine by evaporation. A plant, forty-eight
by eighty-four feet, has been erected with evaporation pans, and the
eompany expects to produce salt early in 1921. '

Eight wells have been put down at different points about the
eentre of the lake. These wells range in depth from twenty-five
to 102 feet. Into these wells the brine rises and an attempt has
been made to evaporate the brine by solar process. The following
analyses represent the composition of the produet obtained by solar
evaporation: '

1 2
THEOMIBIE - .'urtiorieaen e - 0.28 0.82
Caleium sulphate ......... B 1.35 1.51
. Magnesium chloride ................ 0.08 0.04
Sedium chloride ..... ..o i 98.08 97 .41

(1) Represents product obtained from solar evaporation pans.
{2) Salt taken from the lake during dry season.
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‘The brines in the wells are quite coneentrated and many tests
have been made on the same with the salimeter. Tests as high as
Y8 salimeter degrees have been obtained; this represents 25.6 per
cent sodium chloride. Saturated brine contains 26.5 per cent salt.

The following analysis was made from brine colleeted in Septem-
ber from well No. 1: » : \

Caleium earbonate ........... .................. 0.35
Caleium sulphate ..., ... ... i i, 4.55
Magnesinm ehloride ........ ... .0 il 3.70
Sodium chloride ............ociiiiiiiiii i, 01.40
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SODIUM SULPHATE

During the past vear considerable interest has arisen over the
seeurrenee of deposits of pure sodium sulphate in various lakes in
the vieinity of the Alberta:Saskatchewan boundary.

Sodium Sulphate is a hydrous sulphate of sodium better known
as Glauber salt, and is also known under mineralogy as Mirabilite.
Tt is a white saline material. which is readily soluble in water and
oceurs in lake deposits and also as an incrustation on the surface
of soils, particularly in regions where the annual rainfall is small
In some localities it is known as ‘‘white alkali’”’ in contrast to ‘‘black
alkali,”” whieh is sodium ecarbonate, '

In Western Saskatchewan and in Hastern Alberta there are a
number of lakes or lake basing which econtain deposits, in some cases
very extensive, of quite pure glauber salt. Only one of any impor-
tance has yet been found in Alberta, although there are many lakes
in which the waters, though saline, contain mixed salts. Commonly
associated with sodinm sulphate are magnesium sulphate and caleium
chloride.

DESCRIPTION OF DEPOSITS

There is a deposit of pure sodium sulphate situated in the south
half of section 12, township 50, range 11, west of the fourth meri-
dian, about six miles southwest of the town of Minburn on the main
hne of the Canadian National railway, about 100 miles east of Bd-
monton. This deposit forms the bed of a lake which covers about
thirty acres. The deposit consists of clear erystalline glauber salt
and is reported to have a depth of from ten to fourteen inches. It
is reported that a conservative estimate of the deposit available has
heen given as over 100,000 tons of remarkably pure sodium sulphate.

This lake is usually covered with a few inchies of water in the
sspring time but this water soon becomes more or less saturated with
the dissolved sodium sulphate. It is believed that springs on the
north shore of the lake ave responsible for this deposit and are still
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depositing salt in the lake. An analysis made at the University of
Alberta gave the following results:

Insoluble ... . 0 oo 0.78
Calelum sulphate ......... . .. ... ... . . ... ... .. .. .36
Magnesium sulphate ........ .. ... ... ... . ... ... 0.84
Potassitun sulphate ... . ... . o L. 0.20
Sodium ehloride ................. ... ............ 0.32
Sodium sulphate and water of erystallization ... ... 97.50

It is the intention of those who ave interested in this deposit,
which s only three and three-quarters miles from the railway, te
produce this mineral for the market. Already a small quantity has
been sold loeally for agricultural purposes and some has been shipped
to Winnipeg for commerecial use. :

FUSILIER DEPOSIT

Another deposit of sodium sulphate oceurs in the east half of
section 17, township 34, range 27, west of the third meridian, about
five miles north of the railway at Fusilier, Saskatchewan, and eight
miles east of the Alberta boundary. The deposit forms the bed of
a lake which covers an avea of about fifty-five acres. In the spring-
fime the surface of the lake is covered with water which has more
or less sodium sulphate dissolved in it. but throughout the summer
the lake bed is exposed. This deposit consists of pure erystalline
sodinm sulphate which varies in depth from a few inches along the
edges of the deposit to a maximum of over ten feet as proven by test
pits which have been put down. The deposit is renewed by brine
which rises from some source yet undetermined. From observation
made of this deposit a conservative estimate of the quantity . avail-
able would seem to be about one million tons. The deposit is owned
by the ““*Soda Deposits Limited,”” with Mr. J, O. Williams of Calgary
as managing director. A spur will be constructed from the raily ray

- to the deposit, but to date a guantity of the sodium sulphate has
been brought to the railway by motor trucks and shipped eastward
to be used in the pulp industry.

The qﬁa!ity of this sodium sulphate is remarkably pure as is
shown in the following analyses made in the Industrial Laboratories,
University of Alberta:

1 2 3 E
Magnesium sulphate .........5............. .15 0.12 o B
Sodium chloride ... ... 0.08 0.08 Ce 0.09
Caleiom sulphate ...... ... ... ............. B 0.14
Potash ..o
Insoluble residue ............ ... .. ... ...... 1.10

Sodium sulphate and water of erystallization.. 98.57 99.63 0978 99.82

These analyses were all made from samples taken within three
feet of the surface of the deposit.
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COURT DEPOSIT

Another deposit of sodium sulphate which was examined is sit-
nated in the northwest quarter of section 10, township 33, range 28,
west of the third meridian. This lake lies two miles south of Court,
Saskatchewan, on the Lacombe-Kerrobert branch of the Canadian
Pacific railway, and five miles east of the Alberta boundary. The
_area of this lake is about twenty acres and the lake lies in a long
depression between rolling hills of glacial origin. When this lake
was visited in May the sodium sulphate deposit could be observed
only about the margin of the lake, but later in the season it was
stated that very little water would remain on the surface of the
deposit.

Mr. John Nelson, who owns the Vietoria claim on this deposit,
stated that the oceurrence of three feet of sodium sulphate below
six to eight inehes of mud mixed with sulphate erystals had been
proven at the claim post, whieh can be seen near the centre of the
lake. Springs are reported to be visible during the dry season, but
these were not observed on account of the high stage of water in
this basin. Some of the sodium sulphate collected along the shore
was eloudy with dust particles and silt, but other material is remark-
ably pure.

Analysis No. 1 was made from the purer material, while
analysis No. 2 represents the composition of the brine taken from
the shore of the lake.

Magnesinm gulphate ... ... ... ..ol 0.00 1.2¢
Sodium ehloride ........ R .09 0.32
Caleinm sulphate ...... .. ... .o cee 0.97
Potash ... R
Insoluble residue ... ... ... oiiviiiiiiens e o

Sodinm sulphate and water of erystallization 99.72 97.81

There is reported to oceur a very large deposit of sodium sul-
phate about twenty miles north of Maple Creck, Saskatchewan, on
the main line of the Canadian Pacific railway. No details have been
obtained of this deposit other than that it is believed to contain
geveral million tons of sodinm sulphate sufficiently pure to be of
eommercial value.

Large deposits of Astrakanite have been reported to oceur in
Mustiki lake, which is situated ncar Kaskakee springs, in Saskat-
chewan., Hstimates as high as nine million tons are reported to ocenr
in these deposits and some of the mineral has been shipped into
Ontario for the manufacture of Glauber and Epsom salts.

Natural sodium sulphate is not common in deposits sufficiently
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large to be of economic value. The deposits in Saskatchewan and
Alberta are somewhat unique on account of-the purity of the salt
which they contain,

Sodium sulphate has many uses, as Glauber for medieinal pur-
poses and especially in the manufacture of paper pulp by sulphate
proeess. Sodium sulphate is also used in the manufacture of plate
glass, window glass and in dyeing and eoloring. In North America
most of the sodium sulphate has been obtained in the manufaeture
of hydrochloric acid from sodium chloride. This produet is known
commereially as ‘‘salt cake.”” As there is an apparent demand,
especially in the pulp industry in Canada, for sodium sulphate,
development of pure deposits of this mineral in Alberta and Sas-
katchewan is contemplated.
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TALC

(anada in 1919 produced 18,842 tons of tale. Most of this came
from altered magnesium limestones at Madoe, Hastings County,
Ontario. i

Tale has such a variety of wses that although the produet may
not be absolutely pure, some nse can be tound for it. The pure
grades of tale ave used for toilet powders, shaving eream, filler
for paper, a base for heavy lubricants, soap adulterants, sizing
cloth, for dressing leather, and it has even been known to be used
for adulterating food. Tale is also used as a furnace lining for
fireless cookers, fire resistant paint, and for the tips of gas -burners.
When tale can be sawn in larger slabs it is used for table tops, sinks,
laundry tubs, mantels, switeh boards, sanitary appliances, and foot
warmers. - These and other uses make it important that considera-
tion should he given to any known occurrence of tale.

A deposit of tale occurs twenty-five miles west of Banff on
the west side’ of Vermilion Pass, close to the continental divide,
which ig also the inter-provineial boundary line. This point is reached
from Bantf by an automobile road, which follows up the north side
of the Bow river to Castle mountain station, then erosses the Bow
and . follows up Vermilion creek over the pass by the same name.
This is the inter-provineial automobile road to the Pacific coast, and
it is now open for some distance west” of Vermilion pass. The
deposit is sitnated about 750 feet above the automobile road on the
east slope of Mount Whymper, so-this deposit, although it oceurs
a few miles west of the inter-provincial boundary line, would be
developed from the Alberta side. .

This occurrence indicates that other deposits may be found on
the Alberta side of the continental divide. The tale occurs as irregu-
lar pockets and lenses in middle Cambrian magnesium limestones.

The tale has a greenish-grey color and is massive, although pockets
~of fibrous tale also occur. The masses of tale are extremely irregular
in their eﬁtent, but four of these have already been opened up by
prospect and the indications arve favorable for the development of
an economic deposit. The widest mass opened up is about eight
feet and the quality is remarkably uniform throughout. The
masses of tale are considerably fractured, so that it would bhe
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impossible to produce sawn slabs of more than a foot or two feet
in diameter. In some of these masses associated with the tale are
well-defined crystals of quartz and crystals of calcite and dolomite.

The formation in this locality has not yet been thoroughly
prospected and the chances ave favorable for the discovery of even
larger pockets than those already opened up.

The magnesium limestones which contain the tale at- Mount
Whymper continue to the southeast along the continental divide
and also to the northwest, but no important lenses of tale have been
fonnd outside of this locality. This tale when ground forms a white
powder, whieh is free from grit, so that the mineral ean be used
for ulmost any product in which tale is an essential.

ANALYSES OF TALC
1 2 3 4

Silea . G4, 06 62,91 61.52 61.55
Alamina ........ .. .. 0. e 2,10 Ce e -
Iron oxide ....... ... ... . . . e e 1.68 0.84 4.42
Lime ... i i 0.82
Magnesia ... 0. .o e, 30.13 31.12 31.38 26.03
BOTH ot 1.78 1.17 ce 0.62
Water ................ e 1.41- 1.53 5.42 5.10

Amalysis No. 1 was made in the Industrial Laboratory at the
University of Alberta. ' ‘

Analysis Neo. 2 was made for Mr, 0. Boucher, one of the owners
of the property. ‘ ) '

Aunalysis No- 3 is a high grade Indian tale which is used largely
for the gas burner manufacture.

Analysis No. 4 is a high grade tale from North Caroline which
has been found suitable for the manufacture of gas burners.”-

There recently appeared a small pamphlet on tale in fire-vesis-
tant paint, published by Mr. R. D. Ladoo, Mineral Technologist, U.S.
Bureau of Mines.t

This pamphlet points out the erroneaus opinion held hy manyv
as to the constituents in fire-resistant paints. In the formula. of
certzin paints used for this purpose, ‘‘asbestine,”’ which is magne-
sium silieate, forms 33 per cent by weight of the total liguid
pigment. It has frequently been noted that asbestine was in some
way related to ‘‘asbestos.”” Regarding this point Mr. Ladoo says.

*Eﬁﬁer, J. 8., Fairehild, J. G., and Larsen, E. 8, Heon. Geol, Vol. 15. No. 8,
1920, 665,

tReports of Investigations, No. 2150, U.8, Bureau of Mines, Washington, D.C.,
August, 1926.
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““that asbestine is not asbestos, but is a trade name for a fibrous

variety of tale mined in the Gouvernour district in Lawrence County,

‘New York.”” Ile, however, states that this research ‘‘should afford

tale producers a new market of importance, but it can only be won
by removing the erroneous opinion held in some quarters in the
paint industry that ‘asbestine’ is ground ‘asbestos.” ”’

J. 8 Diller, discussing the uses of tale and soapstone, states that
““some of the large producers have one or more trade names, such
as ‘Verdolite,” “Asbestine,” ‘ Agalite,” and ‘Talelay,” by which their
special products are known in the market, but all these produects
are included under ‘commercial tale.” Much of the material in-
cluded under commercial tale does mnot belong to that mineral
speeies.””

As most tales are more or less fire-resistant, it is quite possible
that the tale from the Vermilion pass deposit can also be used in

" the manufacture of this new paint. In any ease the deposit is worth

developing as it is certain that some commerecial use can be made
of this mineral as it oceurs in the deposit deseribed above. The
extent of the deposit can not be ascertained until further develop-
ment has been carried on. Steps are being taken by those interested
to have this deposit developed, in which ease the tale would have to
be hauled down to the railway as Castle Mountain station. It is the
intention to construet a road for this purpose from the automobile
road at Vermilion pass up to the property, but no difficulties should
be encountered in building suitable roads for this purpose.

*Mineral Resources U.S., 1912, p. 1142,
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APPENDIX

The following analyses have been made from samples eolleeted
during the field operations in. 1920. These samples have been
analyzed in the Industrial Laboratories at the University of Alberta
under the divectorship of Mr. J. A. Kelso. Most of these analyses
are given throughout the report under the minerals eontained in
eaeh, but for convenienee they are listed here collectively.

Nos. 1, 2, 8, 4. Sodium Sulphate from lake covering about 55 acres,
nine miles north of Fusilier.

No. 1 No. 2 No.3 No. 4

Magnesium sulphate .................. 0.15 0.12 R e
Sodium echlovide ~.............., e 0.08 0.08 » - 0.09
Calelum sulphate .................... RV 0.14 ) )
Potash ....... e e e '
Insoluble residue ..................... 1.10
Sodinum sulphate and water of ocrys-

tallization ..................... 08.57 99.63 99.73 99.82

No. 5. Sodium Sulphate from a small lake about two miles south
of Court, '

Magnesium  sulphate ... 0.09
Sodium ehloride ........... . . . i .. 0,08
Caleium sulphate ............. e e e e
Potash .o
Insoluble residie ... ..ottt
Sedium sulphate and water of erystallization ...................... 99.72

No. 6. Brine from Sodinm Sulphate lake two miles south of Court.

Total solids ........ ... i, 1.582 pounds per galion
Analysis of solids— . )
Magunesium sulphate ........................ S 1.29
Soedium chloride ................. R 0.32
Caleium sulphate ... ... 0.97
Sodimm sulphate ..., ... i 97.31

No. 7. Sodium Sulphate (Glauber Salt) from a small lake ecast
of Birch lake and southwest from Minburn,

Ingeluble ......... R S 0.78
Calelum sulphate .. ... . . e 0.36
Magnesium sulphate ... ... . 0.84
Potassium sulphate ... . .0 i 0.26

Sodinm ehloride ... i 0 32
Sodium sulphate and water of erystallization ................. e 97.59
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ANALYSES: (Continued)

|
ngoluble in water ..... P A R ‘ 4.75 3,02
Analysis of water soluble—
Sulphuric anhydride (B0 o 67.18 75.56
Atamina (AT Q) ... e 16.21 10.04
Iron oxide (FHQQUOD) ................................ 6.19 4.16
Lime ......... U e
Magnesin (MgO) ... ... .. ... L. S §.24 9.74
Potash (K O)-............ e e 2.06 2.32
I !

! No., 10 ;X No.11 | No. 12 | No. 13 !;“{o. 14

l’v { ]% i

| |
Silica ... ... 0. 66.42 t 4.22 : L3102 76.46 1 5B.TZ
Tron exide ........0........ | 2614 i 55.14 | 58.48 248 | 4.2
Alumina: ... | 4.38 4,88 ; 6,12 15.02 r 9.31
Lime ............. EERRERET - .00 .12 { 13 . 0.18 z 8.12
Magnesia ... | .00 ] 00 00 0.14 | 0.98
Tioss on ignition ........... [ 208 | 82016 | 31.06 | <402 | 15.46
Alkalis, ete. ... ... ... ... ‘ .00 , .00 \ L00 .70 2.78
Bquivalent of oxide of iron} ‘ | [ 1

as metallic irom........ s 18.49 i 40.69 i 40.93 i
EER I A
| |
. No. 15

Metallie ivon .............. F N e 58.08
B . e 4.03
Aluming ......... e e e e 2,30
Ferrie OXIde ... e e 84,40
LAme ... e e e 0.09
Titaninm QIoXIAe oo e e s 3.42
Phospherus ......... ... .. ... PO s
BUlpRUY . e 0,09
Vanadium ............. F trace

No. 8. Alum Rock in greyish-yellow irregular fragments from
upper Peace River distriet in the vicinity of Spirit river—
exact locality not given,
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No. 9 Alum Rock from same Tocality.

No. 10. Hematite Iron Shale from the lower MacKenzie valley, near Fort Norman.

No. 11. Bog Iron (ochre) from the upper part of Red Clay ervcek, north of Shandro on the North Saskatcheewan
river (36, 58, 15, west of 4th).

No. 12, Bog Iron from bed of stream Red Clay creel, in section 36, township 538, range 15, west of the 4th meridian.

No. 13, Clay Iron Shale from Benton shales exposed along Sheep river.

No. 14. Ironstone nodule from Benton shale, Sheep River, Alberta. w
No. 15, Magnetite Shale from Burmig, Alberta. ‘ =
Q
Z
No. 16 No. 17 . No. 18 =
Lioss on alr drying ... .. ... 3.4 per cent 1.8 per cent 2.8 per cent I
As Received Air Dried As Received Air Dried | As Reecived Air Dried %
Moisture ... . 4.3 , 0.9 3.8 1.5 3.5 0,7 c
Volatile matter ©..............oo 15.4 16.0 17.2 17.5 16.2 16.7 Z
Fixed earbow ... L 60.3 62 .4 63.2 64.4 - 59.5 61.3 =
TABL 20.0 20.7 16.3 16.6 o7 20.8 21.4 1
B, 11,630 12,040 12,200 12,510 11,630 11,965 3
X No, 19 No. 20 No. 21
Logs on air drying ... ... o oL . 1.8 per cent 2.6 per cent 2.2 per cent
Ag Received Air Dried As Reecived Air Dried Ay Reccived Air Dried
Moisture ... 2.4 0.6 3.0 0.4 2.7 0.5
Volatile matter ...... P 15.2 15.5 15.4 15.7 14.0 14.3
Fixed earbon ... i, 50.7 60.8 57.9 59.7 h8.1 59.4
A e 22.7 23.1 237 24 .4 25.2 25.8
BIU. e 11,430 11,640 11,390 11,690 11,180 11,430 et
. . <3




No.
No.
No.

river.

17. Coal from No. 10, Ford Coal Claims, Highwood river,

18. Coal from Seam No. b,

ANALYSES (Continued)

upper eleven feet, Ford Coal Claims, Highwood river.

. 16. Coal from Seam No. 6, Ford Coal Claims, township 17, range 6, west of the 5th meridian, on the Highwood

19. Coal from Seam No. 5, average of the upper and lower parts of the seam which are separated by two feet
of shale, Ford Coal Claims. ' ;

. 20. Coal from Seam No. 5, lower eighteen feet, Ford Coal

. 21. Coal from Seam No. 2, Ford Coal Claims.

Claims.

No. 22 No. 23 " No. 24
Loss on air drying ...... ..ot 3.0 per cent 7.2 per cent 1.0 per cent
Ag Received Air Dried As Received Air Dried As Received Air Dried
Molsture ... e 9.9 7.1 17.8 11.5 8.2 7.3
Volatile matter ....... ... . . i iiiveann 31.1 32.0 31.9 - B4.3 33.4 38.7
Tixed carbom ... . i e 39.8 41.0 40.1 43.2 49.0 49.5
ASh e . 19.2 19.9 10.2 11.0 9.4 9.5
=N § P 9,715 9,810 9,735 10,490 11,335 11,450
No. 22. Average sample of coal from Mynher Seam at Mile 56 (Lovett) on Alberta Coal Branch.
No. 23. Average sample of coal from ten-foot seam being prospected at Mile 49%%, near the Foothills Collieries,
Alberta Coal Branch.
No. 24

Average sample from Tunnel Prospect, at Mile 5114, on the Alberta Coal Branch.

861
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No. 25

1.0 per cent

No. 26

5.6 per cent

No. 27,

0.0 per cent

As Received Ay Dried As Received Adr Dried As Reecelved Alr Dricd
Moisture .. e 6.4 5.5 17.33 12,42 0,2 0.2
Volatile matter ... . ... ... ... ... 36.3 36.7 20,92 32.75 15.2 15.2
Pixed earbon ... ... .. L 48.8 49.2 15,02 47.649 79.1 79.1
ABh L e e 8.5 8.6 6.73 7.14 5.5 5.5
B U, i 11,525 11,640 9,620 10,190 14,620 14,620
No. 28
Loss on air drying ... ... .. ... ... 0.0 per cent
Ag Received Afr Dried .
. v ‘u_]\td " . e Sulpbuar content.in
Moisture ....... ... . 0.3 0.3 Nos. 31 and 32
Volatile matter ... . .. ... ... ... ... ... 17.4 17.4 OB 9L o
s o e e 0.2 per cent
Fixed earbon ........ .. ... ... ... ... ... ... 72.8 72.8
Al L e 9.5 9.5
B U, e 13,890 13,890
No. 25, Average sample from the seam being worked af Mile 50, Foothills Collieries, Alberta Coal Branch.
No. 26. Specimen of coal from new prospeet. at Carbon, Alberta.
No. 27, Sample specimen, Coal Seam No. 2, Ford Coal Claims, Highwood river.

. . . o 2 . R . -
Sample specimen, Coal Seam No, 5, Ford Coal Claims, Highwood river.

1H0dTY TYANNY ANODEG

601
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ANALYSES (Continued)

No- 29. Crude Oil extracted from Bituminons Sands at Fort Me-

Murray by destruetive distillation treatment,

Original Sample— Degrees Cent.  Per Cent Speecific Gravity
Water by volume .... 3.8
Sediment, tarry residue . 5 )
0il by volume ....... 96.3 19.5 Be.
Distillation of Oil—
ist drop ... 70
80 1.0
a0 2.0
100 2.4
0 . 110 5]
Ist fmctmp .......... 190 6
- 1580 1.0
140 LG
150 1.5 - 9.7¢ 51.5 Pe.
160 1.3
170 1.0
180 6
) . 150 .6
ond fraetiom ......... ) 000 10
210 1.0
220 1.6
230 2.0 — 9,1% 36.3 Be
' 240 1.3
3rd fraction ......... : 250 2.0
| 260 1.6 - 497 25,0 Be.
|’ 270 3.0
O"\‘ i) 3
4th  fraetion ....... .. J 280 ”'(:'
I 290 3.0
300 5.3—15.5¢% 24.0 Be.
5th fraetion .......... | o525 18.6 - 18, 64 23.0 Be.
6th fraction .......... 350 14,0 - 14.04 18.5 Be.
7th fraction .......... 380 23.0—23.0¢ 15.5 Be.
Residue and loss ... .. T4 T7.4%
The above analysis indicates commercially—
Commercial gasoline ............ ..o .. 0. 9.7 per cent
IMuminating oils ... ... .. . o 27.3 per cent
Light lubricants ......... ... o iiviiil 32.6 per cent
Medium lubrieants ....... 0 ... ...l 23.0 per cent
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ANALYSES {Uontinued)

No. 30. Light oil produet obtained by heating Bitwminous Sauds
in place, with electrie heater designed by Mr. D. Diver

Original Sample- " Degrees Cent.  Per Cent Rpecifie Gravivy
Water by volume ..... 5.9
Sediment ... . ... ..., 8
Oil by volume ..... ... 93.5 20.5 Be.

Distillation of Oil—

st drop ... ... oo 150
160 0.5
170 1.5
| RT3 1.5
180 2.0
Tst fraction .......... 900 94
910 5.0
220 9.5
230 8.5 180,54 34.0 Be.
‘ 240 12.2
2nd fraetion ... 250 2.2
| 260 16.0 — 40,47 30.0 Be.
270 8.0
. . 280 9.0
3rd fraction ..... ... | 8¢
l 290 5.5
) 300 . 6.0-—26.5% 25.5 Be

Carbon residue and losy 2.6 .
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ANALYSES (Continued)

No. 31. Produet obtained in the same way as No. 34.

Original Sample— Degrees Cent.  Per Cent Specifie Gravity
Water by volume ..... 5.9
Sediment, ete. ........ 4.3 4
Oil by veolume ........ 89.8 27.0 Be.
Distillation of Oil—
Ist dvop ..vvvvvin... 150
7 170 0.5
180 0.5
1980 0.5 .
lst fraetion .......... b 200 1.7
210 1.2
220 3.0
230 5.0—12.4¢ 34.0 Be.
( 240 6.2
ond fraetion .......... | 250 1.7 _
{200 12,0 —29.97 30.0 Be.
F270 12,0
280 12.0
3y fraction ......... B 290- 12,0
t 300 8.5 —44.5¢ 26.0 Be
4th fraction .......... 325 8.5 — R.8% 23.0 Be
Carbon residue aund less ¢ 4.7 4.7¢
The above analysis indicates commercially
Huminating oils ........ ... ... ... .ot .. 868 per cent
Light lubrieants ............. ... ... ... 0. .. 8.5 per cent
Gasoline ... ... .. e icineas . 0.0 per cent

No. 32, Crude Oil obtained from the well now down to 4,235 feet
drilled by the Record Oil Company in section 4, township
19, range 2, west of the 5th meridian.

Specifie gravity of oil, 54 Be.
Distillation tests—

Commences to distil at 60 degrees Cent.

From 60 to 210 Cent. ........................ 79.3 per cent
210 to 300 Cent. ........................ 14.0 per cent
300 to 825 Cent. ........... ... . ... .. 3.3 per cent
325 to 350 Cent. ........ ... . ... .. ..., 2.0 per cent
Residue and loss ............. ... oo, 1.4 per cent

Commereial indication—-

Commereial gasoline .......................... 79.3 per cent
Buming oil ... ..o o 14.0 per cent
Light lubricants ...........c..... .. ... ........ 5.3 per cent
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ANALYSES (Continued)

No. 33.  Crude Oil collected from the Fort Norman well immediately
after the discovery and during the blow-out of oil and gas.

Original Sample, 36 degrees Be.

Distillation of oil— Per ecent
7O to 150 degrees Co oL 21.5
150 to 300 degrees (. ... . 7.5
300 to 350 degrees €L .. - 340
350 to 375 degrees C. Lo i 6.0
LSS R 1.0

Clomanerelal indieation—
Commercial gasolimle . ... ... i 21.5
Tluminating oils ... ... ..o 0 i 7.5
Light Iubricants ..., .. ... . . . e 34.0
Medium lubricants ... ... e 6.0

No- 34, Tale from Mount Whymper, two miles from the Vermilion
Pass, west of Banff, Alberta.

Siliea o L 64.06
Oxide of aluminum . ...................... 2,10
S Iron oXIAe L e 64 .06
LaIne o ’ 08
Magnesia ... e 30.13
Ignition loss ..... e e e e 1.41
Soda, ete. T 1.78

No. 35. Miea {(Muscovite) “from the west side of the Finlay river,
nine miles southwest of Fort Grahame. '

S 50.42
CAlumdna ... PR D 37.20
Oxide 0f 70Tl ..ot e 1.26
JaAme e e P 0.06
Magnesia ... e [ 0.04
Potasl o v e 7.14
Wt er o e e 3.94

No. 36. Common Salt, coarsely granulated, taken from the solar
evaporation vats near Senlae, Saskatchewan.

Insoluble ... . . 0.28
Caleiumn sulphate ... . . e 1.35
Magnesium chloride ... .. i 0.08
Sodium ehloride ... ... ... ... i s 98.08

No. 37. Coarse dark grey salt taken from the lake bottom during
dry season, Senlac, Saskatchewan. '

Insoluble . .o e e 082
Caleinm sulphate ... ... ... o o F 1.51
Magnesium chloride ... . oo i e 0.04

97 .41

Sodium chloride ... . et e e
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ANALYSES (Continued}
No, 35, Brine from Well No. 1, Senlac, Saskatchewan.
Total solids
L Grams per fitre oo o0 oo PR 148.774
s Pounds per gallon .o o 1.4877

Analyvzig of solids—

Caleinm carbonate, .. .. o
Caleium sulphate oo o
Magnesium chloride ... ... oo T

Sadimm chloride .. .

No. 34, Sulphurous saline water, very clear, from the mouth of
Cut Bank creck, Clearwater river, in township 89, range
west of the 4th meridian-

Total -solids—

Grams per litre ......... e 2,16
Pounds per gallon ... . . L0216
Speeific gravity ...... . .. . oo it e e e 1.001
Analysis of solids—
Sodium ehloride ... . . 841,71
Caleium- carbonate .0 .. ... .. o 0.60
Caleium sulphate ... .. 0.00
Magnesimﬁ sulphate ... .. 3,00
Sodium sulphate .. ... (.00
Magnesium chlovide ......... ... . ..., R 0.00
Mugnesium earbonate . ... . o 3.61
Sodium earbonate ... ... e 14.08

No. 40. Brine from the Mission Salt spring on the Salt river, close
to the northern boundary of Alberta.

Total solids—

Grams per HEre .. ... i 313.3 .
Pounds per gallon ... .. .. . . ) 3.133
Specific gravity ... .. 1.198
Analysis of solids—
Sodium ehloride ......:..... ... .. .. . . .. . ... ... 9851
Caleinm carbonate ........ .. . oL N 0.08
Calelum sulphate ..., .. ... ... . 1.09
Magnesium sulphate ... ... . o 0.32
Sulphuretted hydrogen .......................... ... L .00
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ANALYSES (Continued)
‘No. 41, Brine from the new salt spring; Salt viver, close to northern
boundary of Alberta.

Total solids--

Grams per Vtre ... ... 323.7

Pounds pe«l" gallon ... ....... e P L 3237
SPEEific GTAVIEY o oretet e e R 1.203

Analvsis of solids—

Sodium chloride ... 98.65
Caleium carbonate ...... e e 0.07
Caleiutii sulphate ... e 114
Magnesium c¢hloride ... 0.14

No. 42. Salt deposited by the spring near the Salt river at the
northern boundary of Alberta.

Sodium sulphate ... 3.96
TAme . e P 0.00
MAGHOEIIL  + e reve e ame et e e G.00
Insaluble .. e 0.14
Sodium ehIoTide oot e e i 95.50
Tanition 1088 ... e (.20

No. 43, Saline water from the well drilled for oil one mile helow
Fort MeKay on the west bank of the Athabasca river

Total solids—

Grams per HITE ... .. 217.2

Pounds per gallon ... .. s e 2.172
Speeific gravity ... oo e 1-.124

Analysis of solids— .

Sodium ehloride ... v i i s 96.19
Calelum earbonate ..o iii i i i (.55
Caleinm sulphate ..o e 0.54
Magnesium sulphate ........... ... e ©2.08
Sodium sulphate ... ... i e 0.83

Sulphuretted hydrogen—slight.

No. 44. Bentonite elay from the vieinity of the Battle river east
of Camrose. Sample submitted by Mr. J. 0. Williams of

Jalgary. '
T Ty A T R T R 69.46
TTOD OXIAE ottt vet et e e e 3,35
Alumina ..... P PP 16.25
L Y-S O I R 2.06
MAGHESIA v v vie e e e R 2,76
Tgnition Ti0SS .. oerenlnan e 5.04
Alkkalis, ete. vt s e e 1.08

The remaining analyses were made from samples from the core
of salt well drilled at Fort MeMurray by the Provincial Government
in order to prove up the occurrence of rock salt.



ANALYSER (Continued)
No. 45 No. 46 No. 47 No. 48 No. 49 No. 50 | No. 51
Siliceons residUe ... ... ... 25.16 1.02 .09 0.34 2.29 0.32 | 0.62
Lime (CaO) oo 28.39 32.81 33.88 40.56 38.70 39.79 t 80 929
Magnésia. (Mgl e 2.98 5.14 0.98 0.16 0.85 0.61 1 .0.928
Sulphurie anhydride (BO) 35.38 538,10 . 48.62 57.94 54.00 58.01 55 .80
Tgnition loss .. ......... e |76 9.72 | 14.01 0.92 | 422 0.76 5.91
| |
| No. 52 No. 53 | No. 54
|
Water soluble ... .. . e 53.78 Solid matter, 2.718 1bs. per gallon 1.8242 1bs.
Insoluble matbter ... ... . . . .. 46.32 ‘ : I per gallon
Analysis of water soluble ... ... .. . . .. . . o Analysis of dolids ” l
Caleium sulphate (CaSO ) ........ ... .. . ... ... ... ... 1.94 2.48 t 1.84
Magnesia . ... 0,00 0.00 C0.00
Sodium chloride (NaCl) ... i, ! 97.28 97.01 97.64
Ignition Toss ... .o o 0.40 0.21 0.28
Potash ... o 0.00 0.00 0.00
No. 45. Salt Well Core, MeMurray, depth 516 feet No. 51. Salt Well Core, MeMurray, depth 64714 feet,
No, 46. Salt Well Core, McMurray, depth 534 feet Salt eapping.
No. 47. Salt Well Core, McMurray, depth 564 feet No. 52, Salt Well Caore, McMurray, depth 660 feet.
No. 48. Salt Well Core, McMurray, depth 582 feet - o . iy e .
) :d We E o , ay, depth ,E,JA No. 53, Salt Well Cove, MeMurray, depth 660 feet, hrine
No. 49. Salt Well Core, MeMurray, depth 596 feet :
No. 50. Salt Well Core, MeMurray, depth 601 feet No. 54.

Salt Well Core, MeMurray, depth 685 feet, brice .

9¢1
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ANALYSES (Continued)

|
No. 55 | No. 56 ‘1 No. 57 | No.38 | No.59 | Na. 60 i No. 61

i
Insoluble in water ... . . . ... . . .. ... . .. .. ... . 34.20 0.24 4.30 0.46 4.22 5.62 i 5.20
Caleium sulphate e L S 0.00 474 2.78 0.90 0.00 0.00 [ 0.00
Sodium chloride .. ... . . . . ... ... . ... ... PRI [P 0,00 94.78 | 96.53 08.46 1.99 0.38 l (.58
Magnesia ... ..., PP §.66 0.00 | 0.00 0.00 1.25 0.00 | 0.24
Alkalis, ete. ...... e PP 4.33 0.00 0.00 0.00 0.00 0.00 | 0.00
Lime .......... .. F R 17.36 .00 0.00 0.00 37 .42 34.58 | 35.27
Tron oxide ... .. e 2.00 0.00 0.00 0.00 0.00 e | 000
ALIING ..o 9.20 0.00 0.00 0.00 0.00 AR B
Sulphurie anhydride ... ... .. . .. . . o 0.63 .00 0.00 0.00 54.05 49.07 | 49,16
Ignition 1088 ... ..o 25.62 0.00 0.18 0.00 0.72 4.01 { 9.02

P N I

i
No, 62 No. 63 No. 64 No. 65 No. 66 No. 67 j No. 68
Residue ... e ©1.02 4.72 7.72 2.01 4.02 0,00 1.38
LAme oo 2046 35. 84 33.00 35.56 37.04 40.78 40.00
Magnesio ... e 0,00 0.46 0.09 6,66 0.12 0.37 0,09
Iron oxide and alumina .. ... . . . . .. . . . s 4.02 .00 6.00 0.00 0,00 0.00 | 0.00
Sulphurie anhydvide . e 41.88 52.46 | 47.09 50.67 54.62 58.84 57 .44
Sodium chloride ... e 20.90 5.02 4.72 0.32 1.02 0.00 0.00
Tgnition 1088 ... . . .. . . . . 2,78 1.24 7.30 1.59 3.01 0.42 1.07

| |

No. 55, Salt Well Core, MeMurray, depth 546 feet. No. 57. Salt Well Core, McMurray, depth 645 feet,

No. 56. No. 58. Salt Well Corve, MeMurray, depth 650 feet.

Salt Well Core, MeMurray, vock salt.

1LHOdIY TVANNY GNODAG
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No.
No.
No.

No.

. 64,
. 65,
. 66.
. 67,

Salt
Salt
Salt
Salt
Salt
Salt
Salt
Salt
Salt

Sa

t

Tre MiNeraL RESOURCES oF ALBERTA
AL\;TALYSES (Continued)
Well Core, MeMurray, depth 662 feet.
Well Core, MeMurray, washings 66444 £t
Well Core, MeMurray, depth 665 feet.
Well -Core, MeMurray, depth 666 feet.
Well Core, MeMurray, depth 671 feet.
Well Core, MecMurray, depth 670-673 feet
Well Core, McMuwrray, depth 676 fee.t‘
Well Core, McMurray, depth 681 feet.
Well Core, McMurray, depth 684 feet.
Well Core, MeMurray, depth 68514 feet.
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PLATE L-—Panoramic View of Fishhook Bay from west side, looking over Besmer and Valler ‘Mineral Claims.

PLATE Il—=Paioramic. View of Outlet of Fishhook Bay from east side, looking over Jay Mineral Claim, Shows typical character of country.




