SN 943

CRETACEOUS SHALES OF MANITOBA AS A POSSIBLE SOURCE OF CRUDE FETROLEUM
by

‘ ) S. C. ELLS

During recent years attention has been directed to reported
occurrences of oil shale in the provinces of Manitoba and baskatcnewan.
The snales esre exposed along the escarpment of the Pembina, Hiding, Duck,
and Porcupine mounteins, which border the lake plain and Red River valley
of Manitoba, They ere also found in the escarpment of the Pasquia bills,
a northern extension of the same series, These hills, dignified by the
neme of mountains, constitute the erosion escarpment of the CUretaceous
beds whien form the first prairie step. The eastern edge is indented by
drainage valleys of varying importance, which separate the hill features
into groups. The Pasquia hills, and Porcupine, Luck, and Riding mountains,
occupy an area which 1s bounded toward the north and northwest by the Carrot
river, and toward the east by waterways, which include lioose lake, Cedar
leke, and lake winnipegosis. Broad, low-lying, slightly undulating, lacust-
ral plains, which formed the bed of glacial Lake Agassiz, stretch away from
the various waterways of the lower slopes of the hills, ‘Lhese lower slopes
are marked by a series of .old leke beaches, and rise by easy gradients,
through some five or six hundred feet, to the more abrupt escarpment of the
mein ridge.

The whole area 1s well watered by numerous small stireams few
of which have a width greater than 60 fest. In descending from the table
lands, these stresms, for the most part, flow with repid current along
boulder-strewn channels, deeply entrenched in precipitous valleys and rav-
1nes, where active erosion and landslides are much in evidence. On reaching
the lower slopes of the hills, the current slackens, and many ex¢ellent gsol-
ogical sections are exposed in cut banks at concave bends. Jthrough tne low-
lying alluviel lands, the banks, as & rule, are low, and the channels of the
meandering type.

Outcrops of shales examined on Birch river, ravel river, belater
river, Pine river, Vermilion river end Ochre river, are all near the winnipeg-
Prince Albert branch of the tanadian National Reilways, and may be easily
reached by highway roads.

Toward the east and nortneast, the slopes of the Pasquie hills
ere marked by somewhat sharp gradients. In passing westward, however, the
slopes become more gentle, and rock exposurss along the various streems less
frequent. ‘he elevation of the summit has not been accurately determined,
but apparently ranges from 2,000 to 2,300 feet above sea level datum. ‘the
area throughout i1s densely wooded. Apart from a number of comparatively
limited areas reserved as timber berths, the forest growth consists, prineip-
ally, of large poplar and birch. Much of the land is of excellent quality,
and, wnen clearea, should prove well adap®ed to agricultural development.

GrOLOGY

\‘\\ - The general geology of the area was worked out meny years ago

Summ. Report, Mines Branch, 1921,
PP. 34-43.
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by Tyrrell, Dowling, and McInnes, and the reports then issued 1 remain
authoritative. TIhe general geological features are simple, and may be
very briefly summarized as follows

‘the Pasquia hills, and Porcupine, luck, and Riding mountains,
are built up of (retaceocus sediments, resting unconformsbly on limestones
of Palaecozolc age., Apart from type fossils, which ere found at many loc-
alities, the prinecipal subdivisions of the Cretaceous, within the area under

consideration, may frequently be recoznized by litnological charscteristics,

A marker bend of impure limestone, averaging some four feet

thick, and containing typical fossils, occurs near the top of the Niobrara,
and apparently extends over a wide arsa, Other marker cands are of local
significance only. In the following general section, estimated thicknesses
are giveun, out, pending tne collection of further data, these must be con-~
sidered as approximations,

-
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The detailed geological structure has not been accurately
worked out, although numerous exposed sections, together with correlated
elevations, indicaie that the general dip of straia of Cretaceous age is
almost horizontal. Between Winnipegosis arnd the well drilled by the Man-
itoba 01l Company, 11 miles southwest of Dauphin, the dip of Upper Palaeo-
zoic limestones is epparently about four feet to the mile, in a southwest-
erly direction., South of Swan River valley, Cretamceous sediments alsc d4ip
at a very low engle toward the soutbwesi, North of this point, the strats
flatten out, and finaelly dip toward the north. The seme general horizontal
structure apparently typifies strata underlying the Pasquia hills, Minor
local folding was observed, but this in 1tself can scarcely be considered
a8 of economic Importance. The general physical characteristics of members
of the Cretacecus system msy be briefly summerized as follows

Pierre.-- Odanah series. Derk fissile shales, usually poor ir fossils,
and weasthering to light grey fissile flakes. Often rusty alonmg joint
plenegs.

Report on Northwesiern Mgnitoba with portions of the adjacent districis
of Assiniboia and Saskatchewan, J, B, Tyrrell and D. B. Dowling, Geol,
Survey of Cansda, 1892, i

The Basins of Nelson and Churchill Rivers, Fm.MeInnes, Geol. Surv.of
Canada, Mem, 30, 1913,



e

®

G

Millwood series. Soft grey shales, sometimes almost black
in colour. Weathers to light grey flaky particles, which eventually
disintegrate to dark plastic clay. ©Slopes adjacent to cut banks ex-
hib1t marked evidence of instebility. Ironstone nodules are common,
rarticularly near contact with Niobrara.

Niobrara.~- Dark grey cley shales, frequenily mottled, and interbedded
_With heavy bande of bard calecareous shale, usually highly fossiliferous,
and almost black in colour., Shale weathers to light grey colour. Com-

paratively weathser resistant.

Benton,-- Very dark, soft, non-calcareous, somewhat carbonaceous, evenly
bedded shale, poor in fossils. Weathers to smell thin flakes, which
rapidly disintegrate into dark plastic clay.

Dakote.-~-White, light grey or greenish sandstone. Usually somewnat soft,
but in plages havipng the hardness of guertzite. .

/ith the ezception of the upper and the lower members of the
Cretaceous sysiem, the sediments exposed within the area under consideration
thus consist chiefly of rather soft, greemish grey, clay shales, more or
less darkened owing to the presence of hydrocerbons and iron sulphides.
Moreover, many of tnese shales, whenrfreshly broken, emit a merked odour of
petroleum, which, on exposure, rapidly passes off. When disintegrated by
the drilling tools, in the presence of water, the shale forms an emulsion
8f a dark green colour. This emulsion gives off a faint odour of petroleum,
end, efter standing for a fime, exhibits a thin film of petrolewm on the
surface. It is, therefore, not surprising that the presence of free pe trol-
eum 1n wells drilled through the shales has been reported from time to time.

Of upper Cretaceous shales, the Niobrara formation is the most
highly fossiliferous, hence 1t is within this horizon that bands of o1l
shales might have been anticipated. Fossils observed 1n this formation come
prise a large number of foreminifera, among which Globigerina cretacea is
conspicuous, end an abundance of shells of a large Inoceramus, together
with the following species.

Serpula semicoalita (Vhiteaves. N. sp.).
Ostrea congesta (Conted).

Anomia obligua {Meek and Hayden).

Inoceramus problematicus {Schlotheim).
Belemnitella uanitobensis (Whiteaves. N, sp.).
Loricula Canadensis {Whiteaves. N, sp.).
Ptychodus parvulus (Whiteaves. N. sp.).

Lamna Manitobensis (Whiteaves. N. sp. loosse),
Enchodus Shumardii (Leidy).

Cladocyelus occidentalis (Leidy),

Oriegin of Shale

01l shales of New Brunswick and Nove Scotie wers deposited
under dafferent conditions from those of Manitoba and Sgekatchewen. In
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the former provinces, material from which the shale beds were derived
was originelly deposited in the form of fine c¢lays on the bottom of
swemps end legoons. If the theory of Steuart® 1s accepted, there was
associated with these sediments vegeteble matter converted into a pulp,
as a result of maceratior and mierobe action in water, together with
richer materiels of various kinds, such es spores, and & proportion of
animal matter. We may, therefore, conclude that the origin of the pet-
roleum in the shales may be traced to fermentation and decomposition of
organic matter, through microbe amction, On the other hend, the shales
of Manitobe and Saskatchewan were laid down in a muddy sea, and were,
therefore, not subjected to the various influences thei affected the
shales of the Maritime Provinces.

FIYSTICAL CHARACTERISTICS OF SHALES IN THE PROVINCES OF
Manitoba and Saskatchewan,

It is evident that greast areas of Cretaceous shales, with
their notable content of organie matter, have been subjected to very
slight disturbence. Hgd the shales been affected by folding or by com-
pression, as a result of great earth movements, distillation of organic
remains, due to heat and pressure, would doubtless nave resulted i1n the
formation of gas and petroleum,

Attempts to ignite fine splinters of the various shales ex-
amineqg, by means of a match, failed in nearly every instence. Niobrara
shales, when partially dried, will, however, fregquently ignite when
pleced on an open wood fire, Plerre shales exsmined ignite but rarely, an
and then with difficulty. Benton shales showed no svidence of being cam-
bustible. Sampling was, therefore, confined largely to Niobrara shales.

In appearsnce and physical charascteristics, as well es in the
conditions under which they were deposited, these upper Cretaceous shales
are thus in marked contrast to the o0il shales of Nove Scotia and New Bruns-
wick. In these provinces, two general types of shale are recognized, viz.,
plain and curly. A sub-variety, usually referred to as paper shale, is
apparently a weathered form of plain oil shale. It is thin-beddsd or pepyr-
aceoug, meparating readily into thin flexible sheets of considerable surfece
dimensions. Plain oil shales are usually flat surfaced, showing more or
less well defined leminetion. On the other hand, curly shale usually ocecurs
&s massive bands, somewhat curled and contorted. It is very tough, bresks
with a concholdel fracture, and is, usuelly very rich in hydrocarbous.,

As a rule, oil shales of Nova Scotis and New Brunswick are fres
from grit, and, although readily cut with a sharp knife, do not yield thin,
flexible shavings as do the Scotch shales. They are strongly resistant to

Steuart, D. R., The Chemistry of 0il Sheles, 011 Sheles of the Lothians,
Geol. Surv., Seotland, 1912. -



L

5.

weathering, and fragments have remained, for many years, exposed to
action of atmospheric agencies, with but little loss of their hydrocar-
bon content. When placed in a grate, fragments may be readily ignited,
giving off an intense heat, and continuing to burn with a long yellow
flame for periods of from one to three hours. Smell splinters of the
shele may usvally be ignited by means of a match.

0il shales of New Brunswick, Nova Scotia, and Secotlend, do
not contain hydrocarbons which are liquid at satmospheric temperature.
Numerous wells have been drilled through the shales by various canpanies,
but, although free petroleum has been encountered in interbedded sands and
sandstones, practically none has been met with in the shales themselves.

WEATHERIRG OF SHALES

Weathering of the Cretaceous shales presents an Interesting
gtudy. As a rule, the hydrocarbvon content of shales examined does not
prevent rapid weathering, while, on the other hend, the shales contain
within themselves a veriety of potent disruptive esgencies. Apart from
the high percentage of water preseni, this disintegration, due to the
formation of secondary minerals, as iron and calecium sulphates, hydrated
iron oxides, etc., and circulating soclutions containing acids and sulphates,
18 very marked.

ASSOCIATED MINERALS

Incidentsl to the exemination of the Cretaceous sheles, the
presence of certain associated minersls was noted. None of these minerels
were observed in sufficlent quantity to be of present economic importiance,
but, pending a complete chemical analysis of the shales, their scomewhat
complex geochemistry may be briefly alluded to.

These assoclated minerals fall intc two classes, viz., those
which, being deep seated, have not been subjected to oiadizing ainfluences,
and others, which have been deposited at, or near the surface, in the pres-
ence of circulating waters, and under the influsnce of other oxidizing
agencles. In addition to bentonite, the principal deep seated minerals
comprise pyrite, siderite, and glauconite. Owing to the length of time
during which they have been forming, these minersls occur in considerable
quantity and exhibit comparative purity. Surface deposits comprise marces-
ite, iron sulphate, limonite, gypsum (in the forms of selenite and satinspar)
native sulphur, and small amounts of iron oxide. Pyrite, 1n the form of
small cubes, sometimes occurs in narrow lenses, but 1s more often dissemin-
ated and invisible to the naked eye. Siderite 1s most abundant in the
Pierre series, at times forming beds & few inches thick. Bentonite occurs
as uniform, sharply defined beds, having a maximm observed thickness of 24
inches, Pyrite andé marcasite, in the presence of oxidation-agents, give
rise to the formation of smell guantities of sulphurous snd sulphuric acids.
It may be possible that these acids, circulating through the shales, form
soluble sulphates which are subsequently leached out, leaving bentomite
as & residual product. To the oxidation of iron sulphides may also bse at-
tributed the nauseating sulphurous odour which, at times, emenates from

g
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shale banks, and has frequently been construed as indicating the
presence of natural gas.

Absorption of oxygen, assisted by oxidetion of iron sul-
phides, 1s respondible for slow spontaneous combustion in progress in
many of the banks of shale., At one locality & column of thin blue smoke
was observed rising from a smouldering bank, the talus at tne foot of
the bank being cemented togstner by warious sulphates. Moreover, traces
of free petroleum, released as a resuli of recognized chemical resctions,
as well as amall amounts of colioidal iron hydroxide, frequently accumul-
ate to form a scum, which, at times, has been mistaken for a true petroleum
Se6Dage.

SAMPLING AND ANALYSES

In securing samples overburden was removed and trenches cut
from top to bottom of exposed ssctions. The depth at which ssmples were
teken varied from four to eight feet from the face, but it 1s considered
that 1n each instance unaltersd shale was procured. A number of samples
were tested 1n the fileld, ani satisfactory results were obtained by the
uge of a retorting apparatus™ somewnat similar to that recommended by the
United States Bureau of Mines. Only the petircleum content was determined.
In tne case of certain other samples, subsequently tested in the laboratory,
the yield of ammonium sulphete was also determined., Nineteen repressent-
ative samples were procured from Steeprock river, Bire¢h river, Fevel river
{(east and west branches), Sinclair river, North Duck river, Sclater river,
North Pins river, Vermilion raiver and Ochre river, in the provinece of Man-
itoba,

Certain of tnese samples showed merely a trace °£ hydroecarbons,
hence reference to them is omitted in the following summary,

1 Reports of Investligationsg, U.S. Bureau of Mines, Serial No. 228290.

2 Determinations by Chemical Lghoratories, liines Branch, Department of

Mines.
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o ANALYSES
Imperial Spr.gr. of Imperial Pounds
gals.crude cerude pei- gals., ammonium
Locality petrolegm _ roleum at water per sulphate
per ton 60° T. ton per ton
Birch River, Sec.3l,Tp.32,R.26,7.lst. 0 42,7 cave
Favel River, Sec.30,Tp.35,R.25,W.lst. 6.2 0,972 1z.1 crne
Sec. 26, Tp. 35, R. 26, W. lst. 6.8 0.984 7.0
n 1 A " " " 5;9 0-965 15.2 (X B B |
Sclater river, (2 samples),
SGCO 15, TP. 54’ Ea 23, W- lst 4.8-‘?.5 0.966"00968 9.2"'18.7 LR N
Pine river, Sec.6,Tp.33,R.22, W.lst 3e3 0,969 4.5 tens
Vermilion river, (2 samples),
See, 12, Tp. 24, R. 20, W. lst L.1-5.1 0,952 8.1-22.0 enes
Ochre rver, (2 samples),
SeC. 29, Tp. 22’ Hc 1‘? W. lst 4.0-5-3 0.955 14.5"15.2 LR 2
1

k.ﬂ_f

TS i T e

Calculations based on ton of 2,000 pounds.

v

The sulphur content of the crude petroleum recovered from
81X representative samples of shale varied from 5.3 per cent to 7.7 per
¢snv, with an aversge for the six samples of 6.5 per cent., A semple of
crude petroleum distilled from shale secured on Ochre river, Manitoba,

(Sec. 29, Tp. 22, R. 17, W, of 1st) was fractionated with the following
resuli-- i

Distillation range Barom, 766,0 mm.

lst drop PR 2P AB LR EDRE L RPN I NS 79 degrees C.

10 p.c- .."......"...I..'.‘..I... 149 " c.
20 PelCo sovvvasesvescnsssacs seaness L70 " C.

, 30 DPeCo snnnsscononsnasasnnsassnesas 221 n c.
4:OPnCo Ssesavsessecserssnrennesnnss B4 " C.
50 p.ec. P~ 21 " C.
m-P'c. ........-..............'.-. 301 " CI
70 PeCso sertsssssscesstsconnansasss 336 " C.
80 PeC. Feeesreracrerensssnssssases SO0 " C.
90 p.c. ....‘....-.........‘...’.‘.‘ 361 " c.
92 p.c. dry point {eracking oceurred). -
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The gas yield from 13 representative samples of shale was
also determined, and varied fram 410 to 1,130 cubic feet per ton, with
an average yield of 695 cubic feet, Analyses of two samplses of gas re-
covered from shales secured on Man river, Sask., {Tp. 50, R. 5, W. of

2nd) are as follows.

Carbon 410%X14€ s.vvseenseness
Omen s eTPOEBTRLEOPIPEDRERIYOERE e S
Ethylene sceesesessescsncnnea
Carbon monoxide seseescsscess
Methane LR RN R N A T A P,
Hydrogen tresersernstasantons
Nitmgen D I I O R
Inflammsble EBES ssevssnssssse
Calorific value, gross seeees

Calorific velue, Det seecsoss

L]

* & @

L

o %]
(ﬂ@i—'m%mmmm
O3

[4~]
=
o]

CONCLUSION
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Semple No,
1831
pl c.

B.Th.U per

cu, ft.
i

It is, therefore, obvious that shales examined during
the past season in the provinces of Manitoba end Sgskatchewen are of
little present economiv importance as a Possible source of petroleum
or of ammonium sulphate. Should conditions et any time warrant com-
mercial development, open cut mining could be underteken in many areas
under favourable conditions. Over very conaiderable areas the shales
examined are covered by a comparatively light overburden, consisting
chiefly of boulder clays and gravel, which could be readily removed

by bhydraulieing methods,
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Market Prices -~ he mauiket prices for alkalis are constantly g :

The following figures, 1 reported i the Oil Pamt, and hug Reporta,
New Yoik, give the New York maket prices tor the yous 19110 to d te —

Vg 14 Tiv 1 Jan 1 Jwn 1 * * * g
— RERE 191> 19i7 1018 1919 1020 1n21

s D $ 3 5 > > }
Salt eike greund— 131 00 11 00 30 60 12 00 17 £ 17 GO i

bhl  jor ton to 13 00 13 09 to 35 U0 | to 30 00 | to 80 00 to 28 00
Clinber » salt—ent 0 o 060 oo 0 90 100 I, 100 i
}tnﬂ?) to Vo 0t 010 | o2 1621, tal T» i

Lpwom =it T 81— Not quote 1 pior ke 190s » 6371 27 20 220
cnt 1 to 3 ") to s 62Y too >0 to2 7s ’
Lpsom  alt  tech—|) 100 173 17> 3 0 150 17y g1 10 '

at el 10 to 2 00 ol 9, te 3 W to d 37;I toa 2D ol 7s
4
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*Iigh and low figures for 5 ear
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CRETACLOUS SHALLS O AANITOBA AND SASKATCIIEWAN, !
AS A POSSIBLE SOURCE O} CRUDE PLTROLEUM ;
S C Fils
INTRODUCIQRY

During recent 3ears attention has heen direeted to 1eported occur-
rences of o shale in the provinces of Manitebv ind Raghatchewan The
shales are evposed “long the e<carpment of the Pembina, Riding, Duck,
ard Poreupme mountns, which border the lake plan and Red River
valley of Manitoba  Lhev ire so found n the esearpment of the Pasquin
hlls, a noithern estension of the same sertes "L lese hills, dignified by
the nime of mount ins, constitute the erosion eseirpment of the Crets ceous
Leds whuk form the first prante step  lhe eastern edge 15 indeated by
dramage vallevs of yarying impottanee, which gepirate the hill fetures
mto groups  The Pasquia hills, and Porcamne, Duck, and Riding
nountuns, ocepy an areq which 15 bound: d toward the north and no:th- 53
nest by the Cartot rvear, and toward the e1st by wnterways, which e lude
Moose Iike, Cedar lake and lahe Winnmipegosis Bioad, low-l3ing,
shehtly undulating, lacustral pluns, which formed the bed of glacial
Ialke Agassiz, streteh aw 93 ftom the varous watermais of the lower
stopes of tne hulls  "Lhese lower slopes are marked by v scries of old Inke
berches, and rise by 15y gradients, through some five o1 s hundied
fect, to the more abrupt escupment of the mam ridge

The whole e 15 well watered by numerous small streams few of
woich have 1 wadth groater thain 60 foet In descendmg from the fible —
linds, these sticams, for the most put flow with Lipid curieat along
boulder-sticwn chinnels, deephy entrenched m preapitous villeys and
rivines, where actnve erosion wnd Lindshdes are much m evidence On
reaching the lower slopes of the hills the current slickens, and many
excillent geological sections ire exposed mn cut banks at concave bends

T T e v i oo e v e e e e e e - LI — e e e
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I nroush the Jow-Ivme illuvial lands, the banks, as a rule, a1e low, and the
¢hmneis of the meinduing 3 po

QOutciops of shales examined on Bneh rver, Favel rnver, Sclater
rmer, Pme nier, Vamioa uver and Ochre iver, e all near the
Wwinmpeg-P1rice Albert branch of the Canadiin Nation il Railwas g, and
miy be camly 1ewhed by highway 1ouds Outcrops cvamined on the
lee rvii—a branch of Pasquiy 1ver, Man mner Crachmg river, nd
Papthwan 131 m the Pasqua hills, are somewhat iemote from 1ail

transpurt ition

Toward the east ond northeast, the slopes of the Pisguin hills are
marhed by comewhat shaip gindients  In pissing westw wred, howevet
the slopes become morc gentle, and rock evposuies ilong the vivovs
streams less frequent  The eles ation of the sumnnt hns not been aceur wtels
determuned, but appuantly 1anges from 2,000 to 2,300 fect “bove sen level
datumn  The srer throughout 1s densely wooded  Aput from 4 number
of comparitincls hmmted arens reserved as limber berths, the forest growth
conasts, prinempilly, of Inrge popiw and birch  Much of the Ind 15 of
excelient quality, and, when elearcd, should prove well adapted to agn-
cultur i development

Outeraps of shrle along streams which dran the noithesstern slores
of the bulls (as on lee 1rver and Man riva) can best be reached from the
Pas  Drom Mouniam ¢ bin on Carrot 1mver, some 60 miles WS W fiom
the Pas, 2 good summa tzul, approsimately 23 miles m length, leads
south to Tee Tiver  From Camp No 6 on Carzot uiver, some 80 nules tiom
the Pas, a Tur bush rond, approumately 17 nules 1 lenpth, leawds to Man
rrver

Papikw i and Criching rivers ean best be reached from MeDonald s
siding, 21 mules west of Mistabun station, on the Canadim National Rail-
wiss  brom MeDorald’s sidme, 1 woicon yoad, some 24 milks m
length, Ic vds to Comncdl cibin Irom Connell cabin to Papihwan cahin, 1
distince of wpproumitcly 12 nules, & fair pack tiul 1 avaulable, but
between Papihw m b o ind the shale outerops 2t the forhs of Crichmg
river, the trulis wet and difficult  Other tr uls mchieated on the accompans -
g mip e, for the most part, poor, and 1 many msiineds, difhicult ta
follow

GEOIOGY

The general geoluzy of the area was nworked out iy years ago bv
Tyrreil, Dowhng, and Melnnes, and the 1eports then wsued' 1emun authot1-
tative  The peneril peologeal features are sunple, and mav be very
bricfly summarized s follows —

The Pasqun hills, and Poreupie, Duck, and Riding mountains, arc
built up of Cretaceous sediments, 1esting uncenfoimably on lunestones ot
Palwozoe age  Apat from ty pe tossils, whiell wre found 1t many localities,
the prmapal subdivisions of the Creticeous, witlun the arcy under eon-
sidcration, may frequently be recognized by hthologieal ¢l ctenisties

L Report on “ertwe Lon M tebn s hporte v of Peadpeant 1 otrets of s mion and =y hatch~v o,

I DB Darrdl md 15 Bowhne € sl ~aiev v of ©unviy 1N
Lhe Basus of % 01 amel Charednt dver W AT v Ceol Sury ot Cinnle Monoa? 11
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A marher band of impure 11 nestone, averamng somo four tect thieh,
and contuning typical fossils, ceours near the top of the Nwobrut ind
apparently extends over 4 wide uer  Other mirker bainds ae ot loed
sienthcwnee onlv  In the follovwing geneil seetion estunated thichnesses
are given, but, pending the collection of finther dita, those must be con-
sidered as ipprovimations

\Mlontann  [Iierre (upper) Odinah hoades 460 (i et
Uower) Millwood shdes bul)

(Boyne sk}

Crotaceous Coloriude  {Nwobrira (Merdar «hill) 10-240
]. {A=anibory slode)
1
! [Bm ton shalc 150 ¢
l Dbota s.ndstone
Devonian L neontormity

The detrled geologieal structure his not been aecunitely worked out,
dthough numecrous ewposed scotions, togcthor with cortdlhwbed eloy tions,
mdicate that the generd dip of strabe of Cicticeous ize 15 ilmost hon-
contal  Botween Winmpegosis and the well dolled by the Manitoby Ol
Company, 11 mules southwest or Dauphin, the dip of Uppar Paleozore
limestones 1> appirently about four feet to the myle m a southwesterls
dieetion  Bouth of Bwan River valley, Crd baceous ~cchiments alwo dip 1t a
very low angle toward the southwest North of this pomt, the strate flatten
out wnd finally dip towaud the north  The same ce 1wl horrzontal strue-
ture wppuently typilies straty underlyimeg the P Inlls Alinor loeal
folding w s obseried, hut this m it=lf ¢ searcely be considered s of
ceconomie immportance  The generl physieal ¢harwetensiies of members of
the Cretqcoous system may he brielly summoarized 13 follons —

Piore —Oduah series Darle fissr'e shale~ usually poor m fo~silz and
weathering to hght grey fissile flihes Often rusty long joint plines
Alidhs ood scries Bott grey shales, someumes almost hlick m
colour  Wenthers to light grey flahy particles, which eventually dis-
mteorate to duwk phistic elav »lopes adjaeent to cut hanks exhibig
morked evidence of mstaibilit, Tronstone nodules wre eommon,
purticularly noar contict with Niobrara
Mobrare — Duk crev clw shiles ficquently mottled and terbedded
with heavy hands of hrd eilearcous shle usunally ughly fossihforous,
and almoest blick 1n colour  Hhile westheis to hght ges colour

Comparitr elv weither resistint
Benton —\ erv dark, soft non-caleareous snmewhat cirbonaceous, evenls

bedded shiie poor in fossils  Weathers to small thin flvies, shich

rapuelly dhsintegrate into dark phistic el
Dalofa —White light giev or greenish sindstone Usudly somewhat soft,
but 1 plrees having the hudness of quuinte

With the exeeption of the upper 1nd the lower members of the Cre-
taceous wvatem the sediments exposed within the rev under consided ition
thus conzist clveflv of 11ither soft grocmsh woy, el shiales more or less
darkened owing to the prescnee of hvdrocuibons wd iron sulpludes More-
over, many of these shiles when freshhv broken cmot v maihed odour ot
petroleum, whieh, on exposuie, rapudly prsses ot When deantessted by
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the dnlime tools, m the prosence of witer the shale forms an emulsion o
v dark green colour  This emulsion gmves off 1 tant odour of petroleum,
i, wdter stnding for 4 tume, exhubits a thin film of petroleum on the sur-
twe It 15, therefore not curprisme thit the presence of free petroleum m
wedls drlled through the shailes has been reported from time to time

Of Upper Cretvceous shiles, the Niobrary formation s the most
hrhlhy fosshifaous, hinee 1 1s within tlus horizon thit binds of ol shailes
might Lhvve been intiapated  Fossils obeersed m this form ion COMpPrisc
voluge number of forunmifern, among which Glohigiima creticea s

consoiuous, and o chundance of shells of 4 Inrge Inocer unus, together
with the toidowing speeies —!

Serpula seoncoalita (Whitewves N sp )
hliea eongesta (Conrad)

Lnomia obliqua (Mcck and Hay den)
Inoceramus problematicus (=chlothcrm)

Belemmiiclla Vanobensis (Whiteviis N sp )
Lonieuln Canadensis (Whitcwes N osp)

Piychodus poridus (W3 Intearves N &p )
Tamna Mamitobensis (Whitesves N sp fuosc)
Enchodus Shumardu (Leidy)

Cladacyclus occrdentalrs (Lewdy )

OPIGIN OF SHATE

O1) shales of New Brunswich ind Nova Scotia were deposited under
diftercnt conditions from those of Monitoby ind Sashatchowan  In the
former provinces, merial from w hich the shale beds were dernned was
ongmally deposited m the form of fine clyys on the bottom of swamps
ard hgoons  If the theors of Stewart” s accepted there was assoriated
with these sedimenis v oget ible matter econy e1ted Into 1 puip, as a result
of miceintion and mic1abe teton m wata, together with 1icher matenals
of vuious hinds, such 1s sputes, e a praportion of wumal matster We
muwy, therefore, conclude thit the wmigm of the petrolium in the <hales
may be triced co foment ition and decomposition of organic matter,
through miciobe wtion  On the other h wil, the shies of Mamtoba
id Sashitehewan wore lud down m . mudds sen  md were, theie-

fore not subjected to the vaious mflucnces that aflccted the shales of
the Mantime Provinees

PHYSICAT CHARAC:I RISTICS OF ~HATE 3 IN THI PROVINGI » O MANITGBY \\D
Sish vICHTW vy

It s evident thal gt veas of Crotweoue sh es, with their notable
contant of org unte mattar hue bean subjected to 3y ery slight disturbanee
IFwl the shalcs becn dfected In folding or by compiession, s v resull of
ereat cuth movemonts disti' ttion of oig e remuns, duc to heat and

pressute, would deubtioss hne resulted m the fermation of gas wnd petio-
leum

Tm] ~ury R oworton “Noeth W tern Cin Maniteba ] B Lyir 1 1y

Stevirt DY ITh Coomutey of i anade O 1 shales of th Tothims Gos' Suty Seotlaad 1810
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B Attempts to gnite fine sphmti1s of the sanous <hides exmned, by
me ms of 4 matth taled i ncihy Gvay mstance  Niobri1 shiles when
3 putiidy dried, will howeser, fregquenthy wmite v hin pliced on an open
; wood f10 Praneshlesexupn edigmt. but 1 uely, and then with duneutty
% 33 nton shales showed no evidenc of bung (nmbustible Sunpling was,
ﬁ thaefore, connned rgdy to Niobt w1 shues
i} In ppeance md physi al cheractenistics, s well asn the conditions
',%&j ander which they were diposited, these uppat Crotwecous shiles ate thus
'?# 1 muked contt st to the vl shales of Nova Scotn wmd New Brunswick
i In these provinces, two genel U types of ghile ate reeoanized, vie plun
¢ 1 emlh A sub v uiety usuely Loierted £y as pepet shidy, 1 2pn uently
% « weathe el form of plun ol shale It 15 thm-bhadded, ot p Py ecous,
Y sep uatimg 1eadihy mto thm, fleable sheets of consuler bl zurfwe dimen-
§o sions  Plun ol shiles me nsally flat s ed, showing moie o s well
% defined lammatien  On the other hand, cwly <nle wsually occns as
h’{ m ssie bands, somewhat cutled and contorbed It s vy tough, bieaks
} : with 1 conchoidl fiacture, nd s usually very 1ch m hydiseuhons
i As 4 1ule, ol shales of Notv 1 Seofin and New Brunswick ate fice from
R giit, ard, afthough1e wdils cut with ushaup hufe, do noty 1eld thin, flevable
‘ chavings 15 do the Scotch <h des  "lThey ue stronvly 1esistant to ve 1thel-
ing, and fiagments have tem vncd, for mam yes, evposed to action of
atmosphelic 1geneics, with but Iitle loss of then hyvdror ubon content
- W hen placed m 1 girate, fiigments mas be rerchily wnited, gvng off an
mtense heat, and contmung to bamn 1th a long yellow fiune Sor periods
of from one to three hours Small solnters of the shile muy usmiiy be
renited by rrwans of 4 oot I
O1l sh iles of New Brunswick, Nova Scoan, el Seotland, do nnt contain
Indrocubons wheh ue Lgurl 1 tmosphaie tanperature  houamerous
“ wills hive been dnlied thiough the shales by valous compaiices hut,
{ although free petrolrum has hean (neountered m ntobedded sands and
he shiles themselves

s ndstones, pracéie th nonc has been met with
WEALIICT ING O Sl Ls

: Weathermg of the Critaceous shales p1 csents 10 1aterestmg study As
’} a rule, the hydrocaibon content of shales exammed does not prey ent rapid
% eathclmg, while, on the otha hand the sh s contun wethin themselves
a v anety of potent distupbine geacies Aput fiom the lngh perecntage
of mater present this dimotegition, due to the formition of seconduy
nuneras s non awd calaum sulphites hyvdided non owdes, etc , and
cnculatmg solutions contuning weids nd sulphites, 15 very marhed

v

A\SSOCIATED MINLRALS

Incidentl to the exammition of the Circtaceous shales the piesence

’ of certimn assouited muneris was nated  None of these mumcads were
absers od m suffrerent quant 1+ to he of present cconomic nnporiwee but,

pendie 1 complete chemic 11 uraly s1s of the shiles, thon somen It complex

geochamstiy niy be b v alludad to

These 1~socnited muner s £l to two elasses, viz  those which, bang

deep gerted huve not beon subpctod to oadizng mituences und others,

; whieh hitve been deposited af, or mel the surfice, i the presence of eir-
cuhitig waters, and unda the wmfuence of other oxidizimg wendcies In
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v oo to bentomte the prineipal deep seated mmerals COMmIPIing Py Tite,
~ « to and ghucomite Owing to the Iengih of Lime durmg which they
¢+ ¢ beea forming, these mmerals ocewr m consider ible guantith and
Aeh e compuatne puiity  Suifice deposits comprse miteasite, lron
- hhate, himomte, gy psum (in the forms of selenite and s1tinspar), native
~idohur, and smidl amounts of non oy de Prrite, m the form of small

*ox somctimes oceurs m neriow lenses, but s more often disseminnted
e invisble to the nihed eye Siderite 13 most abund mt in the Picie
s Ties, b tuies formmg beds 4 tew mcehes thick Bentonte oceurs as unl-
iy, shuply defived beds, having a mavumum obsers ed thickness of 241
mudice Pyiite and mareasite, i the prescnce of ovidation acents shve
1t Lo the formation of small quintities of suiphuwous and sulphurie acids
It mav be possble that these acids, citetinting throuch the shales, form
~oluble sulplintes which are subscquently leacdied ot I wing bentomte
e residual product  To the ovudation of 1on sulphides may also be
winbuled the nwuseviing sulphwious odour wlhich, at times emanates
trom shale hanks, and has ficquenily been construed as mdiciting the
prozence of natural gie

\bsorplion of ovrgen, assisted by ovdation of non sufplirdes, 15 10s-
ponsible for slow spontiucous combusion 1 progiess m mans of the hanks
ot shale At one locality a column of thin bluc sniohe 15 observed nsing
from 2 smoulderme bank, the talus at the foot of 1he bank bomg cemented
together Dy various sulphates  Mareos e, traces of frec peticleum,
rdeased s a sesult of 1ccoenzed  chemieal 1eactions, as well as sm i
mownds of collowdal non hydrovd., frequently aceumulate to form -
scunt, which, 4t times, has been mistahen for o true pelioleum scepage

SBAMILING '\ND ANALYSCS

In securing samplcs overburden was remoyed and trenches cut fiom
top to bottomn of exposed seetions  The depth 1t which <imples were
taken varted from four to cight foct from the fic e, but 1t 18 considered that
m each mstinee unaltered shale wag procured A number of samples
ware tested m the field, and sitisfactory resulls were obtamed by the use
of 4 1etorting apparatus' somewhat sumidar to that 1ccommended by {he
United States Bureau of Mines Only the pefroleum content was deter-
mined  In the ense of ceriam othor sumples, subsciiently tested m the
Liborwtory the s reld of wmmoniam sulphite w13 iso deternmined  Iw enty -
two reprceentatne sunples weie procuted on the northan brineh of the
Ms e Man iver, Crawhme 1iver, Papihw m i 1, Jordwn 1ver, and
Curot mver, m the provinee of Sl atchewan, wnd nineteen s unpies fiom
Steeprock 1ver, Buch v, Tovel inver (et and west brarches), smclur
1ver North Duck miver, Hel vter 111, Noith Pine uver, Vamldion ms cl,
ul Ochre 1ver, n the provinee of A vuitoba

Certun of these samples showed merdy a trace of hydioearbons,
Lience reference o thar as omatted 1n the follow mME SUmmily

'R portsof Tnve tsations U S Burew of Min mornd Yo 22
1 wroun twns by Che ncad Laboratort s Mine Braneh Dipirtient of Vines
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Analyses
‘**T_—-—-_.ﬁ —_— —
C arbon
Imperia}
gl Spr gr of Imperial Pounds ??ﬂf?n
Locality crude crude rala AMMmonium N l;”
petreleem | petrole um Woater sulphnte el 211
rer tont 1t 60 1 per ton per tan H:d:—ogi
o u T Ntroge;
Iiflvom
Tee Tver Sqel Esample<) Pp o3 R In *
of 2nd 31=530 9720 451) 12 5— 10 p . Calonfic
Man niver @ .1 S =nplest Tp o0 R 50 € vonf
of 2rd 20— 9 40 912 9 og4 31-87 tioniile
Crarkang 1iver Wiel (G eamples) Tp 49 R 7
3 “! of 2rd « float) & T ¥ 0--12 8lg 019—0 970! 11 528 0 20—4 5
ordan river Sask ot} Sec 6 Tp 48
R10W of ang 109 0 964 30 It 15, ther
Charrot rnmi Sask (a2 simples) See 25 1p m the proving
D R W of 204 £ 59— 6 010 925—0 929 17-258 -
Birch river Mo Sec 31 Tp 38 1t 2 W of 51011101111(,. mpo
Ist 0 427 ulphite Sho
F{;igl ver Man See 30 Tp o5 R 25 W of 6o 0 a7 21 ment, open cut
See 26 Tn 35 R 26 W of 1a¢ 63 0 993 79 'ble condrtions
Sl Y @ los Sec 1n Tp 3 99 0 96 15 2 cavered by 4 eo
cliterisver VWqg Samples Sep 14 hol
2T W oof 1st 48— 700 0660 965 99— 197 elivs ind gravdd
Pine river Map “ec § I'm 13 R 22 W of
Ist 23 & 969 435
Vermilion rin gy Man (2 samples) Sge 12 1p
240 I 20 W of Ist I11-21 0 052 81229 ,
chieriver aqn (2 «amples) e 29 Tp 22
R 17 % of Ist 40—53 [URrRL 46102

WCale il atign

‘the sulphur content o 3
sentative samples of o e vare
an average for the s
leum distilled f;0m

R 17, W of 15t) was fiaction

Distillat on ringe
Ist drep
I0p ¢

dry pgirt (eriching ocerred)

The gas 3 1eld from
mined, and varied fiom
yield of 695 cube feet

d fiom 3 3 ber cent to 7 7 p
I\ samples of 6 5 per cent
shale secured on Ochre river, Man » {Sec 29, Tp 22,

ated with the following result —

13 reprisentatine samples of
410 to 1,130 cube feet per

Anilvses of two simples of p
shale sceured on AMan mver, Sael (Tp 30,1

> based on ton of 2 600 pourds

er cent, with
A sample of crude petro-
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Symple o Simple Mo
1h2e 1831
| pe pe
Calendi aude 3206 33 .
Imperial T'ounds Oxveen 21 31
Lals BIMMOBIUM 1thilene 37 38 i
water sulphate f‘[ ui}J]on menoal 2§ 4 3%] g
per ten ehe 7
- per ton i drogen 91 T
 trogen 21 4 29 8
Inflvnimable gas 43 9 43 °
i 12 516 0 C ilonfievale gro-s 383 207 B ll; U per
cu It
! 31-87 Chlonfie velue net 346 34 !
)} 116—280 26—, CONCLLSION
30 Tt 1, thercfare, obvious thit shales evamned dunng the past season
, Ly m the proviees of Muutola amd Sashdchenan ae of Little present
me 8 economic mmpoitance 15t pessible seurce ot petroleum or of ammonium
427 culphate  Rhould conditions at amy time warrant ecommerciil develop-
121 ment, open cut mnmg could be undertahen o many arens under favour-
70 Wle condilions  Oner vay considerible ueas the sholes evamined are
152 eovered by o comparitively light overburden, consisting chacfhs of boulder
9 2-18 7 elivs md giavel, whien could be 1eudily remo ed by hy draulicing methods :
40
8 i—-220 "71‘1 ‘j
14 f—10 2 ﬂ
OIT SHALDS OF CANADA k
E]
S O Llls i
k
(SLAMATY ANT} REVITW O AVAILABLL INIORMATION) 3
'I:LI from siv repre- Occwirinees of petroliferous shales (commonly termed od shales), }
7 7 per cent, with withim the Domnuon of Cmady, have for many verrs beenknown to et )
ple of crude petro- Nevatholess with the exeeption of a compirativedy bref pertod, Canady %
. (See 29, Tp 22 has had to depend Jugdy on foragn sowces for its supphes of crude g
esult —— ! ? pclrolim and petroleum products I 1839, near Collir iy ood, Ontarlo, :
md g un m 1862 new Baitimore, New Biunswich, attempts were m e g
P nom 766 0 mm toretort local shizles  In earch mstinee these ttempts wero ahandoned 4
7 o (wing 10 the 1apidly inerc wng production of well pelrolcum from ihe newly 3
iljg L Miseovered pools of western Ontario and Pennsylvania Now, affer a 3
2 g Iipsc of neuly «ivéy vears, attention 15 onee more directed to the com- 1
23 C merersl 1 due of Canadim shiles as 4 possible source of crude pelroleum .
481 C Thus it 1~ thetoaly within very 1ecent y s, chinging economic condi-
301° C 3 Y ) )
230 ( tions ppearcd to warr it detuled studs of extating shle bodirs m Canad e i
g;? g Consequently, much work still remuns to be dene, not onby the field 1
¥
but m {he Liboitors, before the economic mmportince of auch arens é’
cin he defindely  deteimmed Alenwliule  such nformaition as 18 :
ale was also detar- wuldile, m be credited almost whollv to the. Genlogical Suvey of M
L with n averiee Cwmuly  The water s personally famihirr wath the o1l shales of Nova %
W 1000t cred fr ; Seotry, New Brunswick, Gispe penmsuli northein Ontano, Mimtobn, H
1) are as foll om md &ishatehew in - Rercience to occuirences ouiside of these arews 15 a H
are as follons — bised on mform won secured mdueeth 4
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| v escupment of Prc-Cunbnan roehs  1he irea is tm; (:\rflc;dml;\lbl'l
- f luge ~tieams, not bl the Abitiby, Alattagume ind ) 951

\ I:IHEZE‘( 1;111302010 :r'ctlom, imcluding ~tiaty of Ordoviiin, & urin,

VO ~
OS

s ]1)1“0])2\13})?1%:{ q(:fo (Tl?{jg;iimg well petioleum i Pl vozoie rocks of
i ]l;‘:)f‘i B.l\ coriil plun, his recently driwn 1ttu]1:unﬂr tcl)ncliil\toflliqx
'l.ruimrc;us ghales which out('ll'opotin ti‘lc \.}{)tlltlgl ;;Ld“_\{ll?tet\ll;;i(\d Ny
i s om i belon to the lil{; ° nl]mn(t)cd extent ibove the Tong
[eng tipils on the \batibe nver, qm(t (I)lm posed 2o thovéphe Tong
e g 11‘»’“; ;lfec 1001;e1alpst:|1\e of which 15 appron-
:;;rtlz\tiil :l:~t11:1'3t111(;:(g£ lm’i‘l}f:i]g;{\uulllﬁ thickness of shile observed at any
I ) 53 fret

”0}1:11[ J‘!‘qzzalt]ﬂg(s)l:]ﬁ:ti‘e 23\ ered by 2 compr 1tw{e13 hghttm et;?otifcicfen“?é
lIOH[dIC‘[‘ el ani other unconso 1dated mltenl'zla\_ i}g;rcl'mgnttf;m Lo the
proposed extension of the Timsh yming ”11( I ?r her G

would bring the deposits within 1each of 1 1 trlmth O ~smples <ub-

In 1931 these shates were eximuned by the Wil ef, ol 1 g

~cquently tested w the laboritory showed C(_,)th(*llt of po LU T IngIng
t"olm 7 to 10 Impennl gillons por tong ton  The mq\lmfwumtau e
motinm sulphate was equivalent to 16 poundbbpc‘]lJ o\gf R TR
Putial analvses of three othe samples, colleeted Il} 1(1, 5 1 1a une,
indieated « vield of from 3 5 to 12 Impcrn\l gl} o?%t o s LS
gallons} erude petioleum per ton of <hale 1he caleula uun Lor pmmon-
nm sulphate, based on the hitrogen content, \\azloqn ohy fo trom
Id 81038 6 pounds per ton  “I he amount 1ecoverable in .

ual prdice would be consider 1bly less

Provinces of Manitoba and Saskatchewan

nning the
STk —Dunng the field 9+ on of 1071 the writer u[nf}nrgnok a1 :T{Eﬁndi—?;?:lf;n\:(;(El_):d‘c]:nln‘l‘dcﬁgﬁ?{ ::Joun tgams
tance of the Crodaerous shinles of the wiurth ;

?;}J‘i‘;}i}iﬁﬂi%z“f éi']'g('rd} g the ro ults of thas work 19 1n courwr of preprdation

neeted to reported aceun-
During recent yerrs, attention Lie been d Joqparted occun
tences of a1l shales of Cretaccous 1ge 1 the provinee (Jt _lt Lob ang
“skatchew in Farey -one sumples of the <hiles, Jeprttellf }S}I:JIL 0 g e
e ware eollected by the witcor during thF field sc 1300 0 R ae
stosequently tested 1n the Iiboratory, The m 1\1111}111131 ]11; S S
Titioleum from any sample w1y 10 0 Imperil gallons L Bhp(;und;
while the myvamum vield of ammeoinum szfrlp}hflte W iﬁ uf];l:\)l:_l‘hn 105 bound
’ ty of the ciude petre £
%1 ton of shale Lhe speaific £1 11 om
I‘HL to 084 Al <hdes exvunmed ¢ ury t high percent zizt Ufr::‘!]itf:llons
perge content of 15 samples bang equn went to 15 4 mpx s
I8 4 U S gillons) par ton of
( It ’1])1)[{:11‘5 therefore that the ~halce ex unimed m the PLoy 1)21(;:“ o
Mamtohy and 8ok wchewin we of little present ]E(.l()llt()l'm(,‘\lli}lg}]“ld .
A ammaontuen sulph ite
1 po ~bie comee of potioleun o1 o1
tlmon}u Lo time warnint commeraal devdlopment, open cut minming

! Report on James Ray, ‘:ur} ey ll?[l;) ? Ct {115
1 & Can Samom 1apt 14 “r
1 g!;:({q ]_ij:';nch lIi)t pt ol Minc  Mimorandum < ries No 3 1921
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could be undert then tn many ueas under fivourabie conditions  Over
very constder thie e s, shiles exrmined ate covered by 4 compariively
Iight overbuiden, conwsting chicfly of boulder el s wd gravel, which
could be readily temoved by hyuriulicing methods

Piovince of British Columbia

The occurrence of oil shales has been reported! near Ilarper’s eamp 1n
the Cahoo di~tiict, near Lytton, and atong Calder creek, a tnbutuy of
Tlithoid mver  Detaled eploration of these occurtences has not heen
undert ihen, but fromn present mformntion 1t appears thnt the muumum
vield of ciude petroleum ftom any sunple tested does not enveced
7 Impenal gillons per ton

On Gi hiun sland  the most nozthels of the Queen Chailolte group,
viscous hvdrocirbons bave a wide distitbution thicughout sedimentany
and ntrustye 1o ke of Cencrete amd Mesorow e daufluid bitunien s
scen 1= thim films ong bedding plines ind joint smfiaces, as velets m
various ftactured rochs, und i umygdules of catun besalts, as at Tian
point  This condition wac obscrved by the wnter in 1303, wd ha- sub-
scquer tly been fully desaibed by J D Mackensie moa 1eport’ duealing
with the geology of Giaham i<lnd

The preser ce of traces of bitumen over 4 wide wea on Griham 1sland
was, 1t one time, nterpreted s 4 possible indication of petioleum pools
Mad henzie considers thit the bitumen onginates in the Maude foimtion,
a scrtes ot doih coloured, fine-gruncd, thindy hamnated and highly fossili-
ferous ugihtes, of Lower Juiissic age  He considers that the poz=ibhihty
of drecovening commereial pools of petiolenn, associated with sediments
of Grihimaslind may be 1egirded as 1emaote, but suggests the posstbility
that o1l ~hale bnds of commaaal value iy be found associated with
ihe Maude formation

Provisional District of Mackenzie

From tune to time, dunng the pist 30 years the occunrence of ol
shale his been 1epurted® =long the Machenzie 1ver between Fort Norman
and ¥ort Goed Hope  These shales are 1egoanted with rocks of Devonian
wge, but httle nformation 1s 1x jet 1vailible 1cgding then threhness,
extent, wnd 1 tlue ag 1 possible souice of petroleum ind 3 anous by-products
The outcrops oceur some 1,500 nules to the notth of the eit« of Fdmaor ton,
the neuest 1 nge ecntre of popultion, and put fiom other conmderations,
their geogliphical pasition thus renders them of little present economic

mmportance

18nn Runt of Min of Miin s BC 3903 p 24
ynn Rept of Min of Ylnes BG 1904 pp 23 %

Can Geol Surs Mem 83 I91v
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Rept new semse vol It pt I Isee M0 Jsig) p 31
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