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PREFACE 

The importance of developing in Canada a petroleum producLion 
sufficicn t to mee t the needs of the co un try may be j udgcd from t he fact 
that t he value of imports of petroleum and petroleum products for the 
year 1925 exceeded $40,000,000. The Ontario field s until that year yielded 
the greater part of the an nu al oi I production and a few thousand ba rrel s 
were produced annually in Kew Brunswi ck and Alber ta. In 1925, how­
ever, the production from Alberta, clu e principally to t he yield from 
Royalitc Ko. 4 well in Turner Yalley field, in creased from less than 
1,000 ban els in 1924 to more than 169, 000 barrels, thus making Alberta 
the leading petroleum-producing province of t he Dominion. The pro­
duction from \Vain wrigh t area, as \\·ell as the further development of Turner 
Valley field, resul ted in a further increase in production in 1926 , whereas 
production in Ontario and New BrnnRwick declined and will cont inue to do 
so unless new field s arc opened , a possibility that at the present time seems 
rather remote. 





Oil and Gas in Wes tern Canada 

CHAPTER I 

ORIGIN AND ACCUMULATION OF OIL AND GAS t 

OHIGIN OF P E TROLEU ..:\I 

The ongin of petroleum is di seussecl in a lm ost every text book on 
petroleum geology a nd , t herefore . onl y a bri ef outlin e of t he subject need 
be give n here. T here arc a number of t heories a nd t hese may be grouped 
in to t wo m ajor classes : (1) inorgani c; a nd (2) organi c. 

I KO llGANI C T l lEO ll!ES 

IL has been sugges ted tha t wate r acting on m etalli c ca rbides in the 
car( h migh t produ ce hydrocarbons. The obj ections to t hi s t heory a rc 
clear ly prese nted by Stiga nd who stales : 
" The rx istence of im probably large qu:tnb t ies of meta lli c carbides, with in arcrss in t he 
earth, wou ld l>C' req uired, if only to suffi ce fo r orig inat ing t he a mount of petrolenm wh ich 
has been prod ucPd, as t he amoun t of metalli c· car l> id rs demanded is ve ry g reat in pro­
port ion lot 11C' petroleum Llmt ran he prod ured from t hem. Furthermore, the ci rcu mstances 
t hat la rge deposits of bi tumen or petro leum a rc only fo und in t he strat ified roc ks, t hat 
the depos its fo und in t he strata of you ngC' r age predom inate, a nd that vC' ry freque ntly 
barren porous beds a re intercalated in t he petro lifC'ro us beds, or t he strata subjaccnt to a n 
oil sN iC's do not i"Ont:t in pet roleum , a ll tend to eonst it ute evidence cont ra ry to the sup­
posit ion of ciC'ep-scated origi n." 

There a rc also other t heo ries based on chemi cal react ions bc hreen 
va rious substa nces, bu t in mos L c:tscs t he obj ect ions to these theories arc 
. o convin cing t o t he field geol ogist, tha t !hey a rc di smissed by him as 
being highl y imprnba ble . 

OHGA N IC T llF.ORI ES 

Theo ri es of organi c origin assume t hat pet roleum is form ed by bio­
chemi cal, geochemi cal, a nd geo physical agen ts act ing on pl a nL a nd a nimal 
de tri t us buried in sediments. There is m uc h fie ld cYidcnce lo support thi s 
ass um pt ion, a nd in t he la borato ry pe t ro le um is readil y fo rmed b.\' t he 
di st ill at ion of cer tain a nima l ttnd pl a nt re ma ins. Some difference of opinion 
exists regard ing t he cha racte r of the m a teri al from \Yhi ch t he oil is supposed 
to hr dr ri ved; i 11 a l I pro babi Ii ty the mate ri a ls a rc not t he same fo r di ffe ren t 
kinds of prt rolr um. Am ongst other substances the fo ll owing have been 
sugges l r cl: (J ) ma rin e a nima ls suelt as molluscs, corals, etc., a ncl , possibly, 
fi sh rcma i ns; (2) ma rin e plan t an cl a n i 1n a l mi cro-organism such as cl iato ms, 
a l g~, a ncl protozoa (fora m i ni fern); (3) mari no plan ts such as f uco icl s, etc.; 
a nd ( ..J. ) lerrest ri a l plants. 

I T t>xt hooks on j}Ctroleu 111 L';l'') h!!;,\'; "Oil F indim.c" Ii.\' E. l r. Cunn inghalll C'r:iig: " V r :l('t i(':ll Oil (i('()Jogy," 
by D. I laµ;cr ; "Geology of PctroleunJ," hy \\". 11 . 1<:111rn o 11 -.:; "Outline• of the Ocl'lllTC'll<'l' and Ge1logy of Pct ro­
lcum, " hy I. A. :-itigand; .. Popular Oil Ceolop;y," by \'i<'t>r Zie'.!;ll'r. 
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Since in most cases oil is associated with m arin e strata or can be shown 
to have possibly migrated from m arin e strata, i t m ay be that salt water 
influen ced t he changes und ergone by t he source m ateri al before i t was 
deeply en tombed in the sediments. An crobic bacteria \YOrk best in t h e 
presen ce of salt water. They destroy the cc lllll ose of plants, leaving t h e 
waxy a nd fatty materials, and t h ese are t h e substances t hat give ri se to 
oi l accordi ng to som e exponents of t he organi c theory, the ma teria ls b eing 
spores, a lgm, a nd fatty a nd r esi nous m atter. 

Accord in g to Hae :1 

" i\ li croscopi c work on shales associated with oil deposits has shown the prese nce of 
an unknown , ri ch, dark, organ ic, ulmohu111 ir groundmass. R ivers a nd 
st rcan1s art as t he concentrating age nts for millions of tons of organ ic material, wh ich 
a rc later in corporated into marine or inla nd lake deposits. 13.v subsequent prcssme, heat, 
or catnlytic agents, the organic mater ial is converted into petroleum ". 

Evid en ce h as been brough t for ward t o support the v ie w t ha t petroleum 
fo rms from each of the som ce m ateri a ls suggested. I n certain cases the 
close association of possible source mate rial s \\'ith the pd rolifc rous beds 
see ms to offer alm ost con clusiYe eviden ce of ori gin. For exam pl e, the 
presen ce of an abunda nce of diatom s and fo raminifera in the Eocene of 
California led Arno ld to conclude that the oil in the overlying ;\fiocene 
was dNi ved from them. In oth er pl aces the associati on of coal with 
petroleum h as g iven ri se to t·h e suggestion that the pet roleum as well as 
t he coal h as been d eri ved from terrestrial vegetati on, but, as poin ted out 
by f-Jt igancl , i t m:ty be that it is m a rin e vegeta ti on lhat is in volved fo r 
"It is under s lmllo\\' \Yat ·cr condi tio ns such as on li ttoral or estwuin e t racts or in basins, 
that petro liferous st r:tta have most frequently been formed. l<\1 rt hcrrnorc, sc ri eG of strata 
containi ng petroleum often exh ibit evidence of former land surfaces t he presence of wh ich 
m ust have liecn preceded and fo llo\\'ed bv extensive shallow water condit ions and shi fti ng 
tida l regions; this wo uld he more particu la rly s ign if-i eant in t he case of formations con­
taining successions of coal a nd ligni te scams wh ich indicate secula r oscilla­
tions cen tring :tliout sea-level. " 

Ruch condition s on Liclal fl ats tt rc favourable for t he growth of marine 
vegetation th a t possibly may ha Ye lJCen the so urce of petroleum in such cases. 

Di ffe re nces in t he compositions of t he Rource m ate ri a ls n ecessarily 
m ean diffe rences in co mposi tion of t h e petroleum fo r med from t h em. 
Ch a nges in th e co niposition of pet roleum may a ri se subsequent to form­
ation as a resul t of filtration during rnigmt ion and of interactions between 
the petrole um a nd substan ces in the formations through whi ch it has passed. 
There may be losses cl uc to natural di s t i ll a t ion an d the escape of t he li ghter 
vo latile m a t e ri a ls. Thus the petroleum found in an oi l-fi eld m ay differ 
qui te wid ely in composit ion from t he petroleum as first form ed, a fact 
that m akes i t ve ry difficult to determin e t he character of the materi al 
from which t he oil h as been deri ved . 

ACCU MULATION OF OIL AND GAS 

under an y v iew of the organic origin of oil , the source rnaLcria l is 
widel y di s tribu ted t h rough the containing sediments a nd , t herefore, the 
o il when first formed must also h e ,,-iclely di sseminated. In order t hat oil­
field s m ay form it is necessa ry t hat t he oil should collect in porous s trata 
within a limi ted a rea. 

1 H.:.1 c, Colin, C.: "O rg~1nic ~\l :"ttcri als of the Carbon:1ccous Shales''; Arn . .Ass. Petroleum Ccoloµ;ist'~, YO!. \'J, 
Ko. 4, pp. 340- 34 1. 
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CAPILLARY THEORY OF ACCUi\IU L A TIO N 

If a clean glass tube of fin e bore is dipped into water , the water ri ses 
in side the t ube to a higher level than the surface of the extern al water. 
Thi s tendency of liquids to enter minute openings or pores, such as is 
ill ustrated by a glass tube or by the abso rption of \rntcr by bl ot ting paper , 
is the result of capillary action. 

Experimental evidence led J\IcCoyt to believe that capi lla ri ty is t he 
main force causing oil in a water-saturated sand to migrate, thus making 
possible the accumul a tion of oil in reservoirs capable of retaining it. 
vVashburn c2 has stated that, "since water has about three t imes the surface 
tension of crnclc oil, capil la ry action must exer t about three tim es as much 
pull upon it. The a mount of the capill ary pull varies inversely as t he 
dia mete r of the pore. Hen ce the consta nt tcnclcncy of c;ap ill arit y is to 
draw water, rather than oil , into the fin est openings, di splacing any oil or 
gas in t he latter." Rha lc co nt ai ns mu ch sma ller pore spaces tlmn sand 
and consequently any slow flow bet\1·een shale and sand would drive oil 
from lhc fine pores in 1.hc sha le ancl concentrate il in t he coarser pores of 
the sand. Since gas is no t drawn into capill ary openings by the ac tion of 
surface tension a ncl there is no capillary resistance to its movement, it is 
much more readily concentrated in the coarser pores t han oil. It is possibl e, 
according to \Vashburn c, where there is no flow bct,1·ccn shale a nd san cl, 
t hat the force of capill a rity a lone would be suffi cient to draw enough water 
into 1.hc shale Lo di splace the oil a nd to co ncen trate it in the coa rse r pores 
of the sand . In \Yater-free rocks, oil , because of capillarity, would be drawn 
into 1.hc finer pores a nd hence 1.hc resul t would tend to be diffusion rat. her 
t han concentration. 

There arc Jimils to the sizes of pores in which capillarity can act. In 
pores greater than 0 · 508 mrn s. in di ameter there is no capillary action in 
t he case of pure waler. The minimum diameter , accordin g 1.o \Vashburn c, 
is more un certain , but is usuall y pl aced at 0·0002 rnms. In such small 
openings it has been shown:i that the adhesion is so great that i t, overcomes 
the capillary force . 

Though in the case of sma ll pores the capillary atlracLion of water is, 
theoretically, three t imes as great as that of oil, cer tain conditions may 
greatly modify this force. The capi ll ary action of \rnter in a pore having a 
t hin film of oi l is no t nearly as great as in a pore that contains no oil , there­
fore, ,,·here water is moving into a finely porous bed an d displacing oil 
origin all y in that heel , the capilla ry force exerted by the water is not t hree 
times that of oi l. -Cndcr such conditi ons t he force of capill ari ty wi ll no t be 
nearly as cffcctiYe in concentrating oil in the coarser pores as might be 
supposed. 

llYDHAULl C THEORY OF ACCUMUJ,ATION 

Experimental studies by Mills4 led him to believe that capi llary 
adjustments between oi l a nd water in saturated strata are rest ricted to 
short lateral ranges and that wide movements of oi l due to such forces are 

1 ) fcCoy, A. \\° .: "~omc Effect ::; of Cnpillnrily on Oil .Accunrnla.l ion"; Jour. of Cool. , YO I. 2'!, :\o. 81 pp. 7!)8-805 
(1916 ) . 

2 \Vashburnc, C . W.: "The Capil lary Concentration of Gas an d Oi l"; Trans. Am. Inst. l\[in. Eng. , vol. 50, pp. 
830 ( 19 14) . 

3 .Johnston and Adams: Jour. of Geo!., vol. 22, pp. J- J5 (191"4 ) . 
4 )1ills, l L Ya·1 :\.: ' 'ExpcrimC>ntal Studies of ~ub~urfacc H clationships in Oil and G:1:; Fields" ; Ee. Cool. . 

YO!. 15, pp. 3\J8· ·l21 (1020 ), 
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the exception rat her t ha n t he rul e. H e concluclccl t hat t he up-clip mig ra tion 
of oil and gas under the propu lsive fo rce of t heir buoyancy in water, as 
well as t he migra tion of oil either up- or down-dip caused by hydra uli c 
curren ts, is among t he prim ary factors influencing the accumulation of oil. 
The movement of oil under the action of currents is what has been te rmed 
t he hydrauli c theo ry of oil a nd gas accumulation. 

Thi" theo ry was developed by :\Iunn1 a nd a general statemen t regard­
ing it was published by H.ich2 who states : 

"The pri ncipal cause of the migrnt ion of oil and gas is t he movement of underground 
water whi ch ca rries with it minute globules of oil and bubbles of gas, possibl y as fast as t hey 
a rc fo rmed . . \ cc umu lat ion rcsull s from t he select ive segregat ion of oil a nd gas, which on 
accou nt of their buo.vancy a hrnys tend to work t heir way u1rn·ard as they a re cMricd 
a long and <H C caught a nd reta ined in antic lina l or other su itable traps. 

The 1rnture of the trap necessary to cause accu mul at ion depends on the rate of move­
men t of t he water and corresponding texture of the sand s or ot her medi um t hrough which 
it fl ows. \\"here the sa nds arc porous a nd t here is :L st rong hydraulic head a sharp :tnt i­
clinc wilh large closure is necessary to rctrr in the oil; in fact where t he movement is 
es pec i:dly rapid , even such a structure may be inadequate. \\"here the sands a rc fin e a nd 
t he \\·ater movement is slow, slight strurturnl and textural va ri at ions a re enough to arrest 
l he movcmcnl of lhc oil a nd gas. l "ndc r suc h cond itions broad, fla t anticlin es with very 
li tt le closure, terraces, or even minor fl attenings of t he regional dip, a re enou~h to cause 
accumulation. " 

According to t hi s t heory a ny condition which re ta rds the m ovement 
o f undergro und wate r carry ing globu les or bubbles of oil a nd gas, wi ll tend 
to bring about t he accumulation of t he oil a nd gas. Such retarding co n­
ditions, acco rding to Ri ch, may be assum ed to be present: (1) in anticlina l 
traps , (2) where t he size of rock pores dcc rrases, a nd (3) where a decrease 
in the rate of \\"alc r m oYc mcnts is caused under cer tain condi tions . Rich 
points out that where oil a nd gas a rc carri ed to an a nti clin e, the buoyancy 
of oil and gas in the waler beco mes effect ive and , as a result , they tend to 
rise to t he to p of t he stru ctm r and to beeome conce ntratrcl t here. In rases 
where the regional clip dec reases in amoun t . givi ng rise to a terrace st ru ct ure, 
t hr rc will bra slowing down of t he moveme nt of t he circul a ting so lutions, 
a nd t his m a >' be suffi cient to cause an accumul a tion of oil a nd gas \Yith out 
a n>' reversal of dip. A cha nge from a relat ive ly porou s rock to one of less 
porosity will a lso cause at least a parti a l stagnation , a ll owing t he oil a nd 
gas to accu mul ate in the more porou s roc k, as where a sa nd lcn.· is sur­
round ed h.v lcsf! pervious pa rt s of t he same strat um . It is probabl e, in 
, uch cm•cs, t hat capill :u·ity plays a co nsidcrnb lc part in the accumulat ion 
of thr oil and gas in the rock wi th la rger pore spaces. 

:VIills an d Hi ch 2 ded uced from experim ents that a strong \rntcr rnove­
mr nt thro ugh an an t iclin al t ra p migh t can">' a lo ng with it a ll the oil a ncl gas, 
a ll owing no oppor t unity fo r t hem to co llect in t he to p of the trap . M ore­
ove r, a strong \\·at·c r flo,,· through an a ntielin a l trap in whi ch therr had 
alrea dy bee n so me accumul at ion of oil a nd gas might Rush am1y t he 
ac;e umul atccl oil a nd gas or, if onl >· a pa rt ia l flu shing resul ted , th e oil 
would probably extend far ther do\\·n t he clip on the Ice side of the a nti cline 
tha n on the sid e by \\·hi ch the wat er ent ered. ·where the miter 111 ov e111 enl 
is slow, t he oil a nd gas wo uld first concrntrnte in the crest of t he tra p a nd 
lat er additions would be on the side from whi ch t he water c;orncs. These 

I .\ h11111. ~fakolm J .: " ThC' .\nt id in:d and I r.\·d raul ir Tit (''1 r i(.·~ of () j\ and C: :t:<- .\ crumul:d ion" ; E e. (: p') I. , \ "Oi. 

4. pp . 50!!·52!1 (l !JO!I ) . 
:! Hi<'h , John L. : " _\fo,·ing l "ndNground \\"at cr as a Prim:1ry C' ;tU:-C of t he ) f igr:•tio n and .\ ccumu\a tion or Oil 

and C:a- "' ; Ee. C: C'O I., \"OI. l{i, pp. :Hi ·:lil ( 1!!2 1) . 
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t wo rases explain wh y in some instances the division between oi l and 
water is no t at the same level on the two f-lan ks of an oil pool. 

STHUCTURAL FEATuRES OF OIL POOLS 

Oil and gas acc umul ation s arc associated with various stru ctural 
features. 1 The st ru ctures of the fi elds of western Canad a are indi cated in 
so me deta il on late r pages, and in this place , therefore, only a generalized 
consideration is given to t he subj ect, omitting all reference to types of 
st rucl urc no t yet rccogn izcd in Canada . 

AN TJ CLJNAL on DOMED STllUCTUHE 

An anti clin e is an arch-like or dorn c-sha ped fo ld. If the a ngl e of clip 
of the two sides or limbs is the same and in opposite directions, the fo ld or 
a nticlin e is sym met ri cal. Any marked departure from this co ndition 
produces an unsymmetrical fold and names have been a pplied to different 
variations from t he id eal fo rm. A dom e is a f' pccial form of anticline in 
which t he beds clip away from the crest in all directions or quaquaversal 
fashion. 

Hegarcll ess of the various theories advanced to accoun t for the accumu­
lat ion of oil and gas, it is generally ag reed t ha t one of the co mm onest 
structures in which oil and gas is found is the anticline. In order that oil 
and gas may accumul ate in any a nti clin al st ru cture cert ain conditions arc 
essential: (l ) t here must be a pctrol iferous stratum from which oil and 
gas can be derived. It is thought that oil an d gas form from organ ic 
mate ri als and originate, respec tively, as small globules and bubbl es. 
These must collect if a pool of oil or gas is to fo rm a nd , no matter what 
expl ana tion is adopted as the cause of movement , it is agreed that there 
must be migration of the oi l and gas to poin ts where structura l co ncliLions 
a llow their accumulation. (2) There must be a porous horizon into whi ch 
and along which the oi l a nd gas may migrate and be collcctcd in pools of 
commercial size. Migration for the most part must take place through the 
pore space of the rocks and t he rock of the stru ctural reservoir must be 
suffi cient ly porous to hold a large amoun t of oil and gaf:l if an oil-field is 
to be formed. The amoun t of oil and gas at any poin t will depend , among 
other things, on the amoun t of oil a nd gas availabl e, on the size of the 
reservo ir, and on its effi ciency as a rctainrr of the oil and gas. The size of 
the reservoir will , in turn, depend on the size of the st ru cture and the 
degree of porosity of the trata. (3) There must be an impervious cap 
to prevent upward dissipation of the gas and oi l after arrival in a struc­
turally favourable reservoir . A highly suita ble cover for an oil reservoir is 
a fine-grained, wet shale. It has been calculatec\2 that at a depth of 1,500 
feet the force necessary to make oil migrate thrnugh a wet shale (openings 
0·01 mi cron ) is about 4,000 pounds prr squ are in ch a nd , therefore, that 
t here could be no migration of oil through such a shal e. 

In a symmetrical an ticlinc under ideal conditi ons, the arrangement of 
gas, oil, and salt water in a porous stratum acting as a reservoir is as fo llows: 
the gas occurs on the crest of t he fold , the oil underli es the gas and occurs 

1 Clapp, Frederick G.: Rull. Geo!. f-'oc. Am., \ "Ol. 28 (1917) . 
Emmon~ . W . "II .: "Geoloµ;y of f'etr:>lcum," p. 123. 

2 .\l cCoy , Alex.\\'.: " l'r inci pl 0>; of Oil Accu m ulutioo" : .lou r. of C:col., vol. 27, p. 258 (1Ul9 ) . 
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in the limbs of the fold , and t he salt wa ter und erlies the oil. This arrange­
ment is such as would resul t from gravitational segregation . So symmetri­
cal a disposit ion of the gas , oi l, and wate r docs no t usually obtain in natu re. 
The anti cline may not be of symm et ri cal form and other facto rs governing 
accumul ation may also lack syrnmclry, wi th t he result , for instance, that 
the oil may be largely concentrated in one limb of a fold. Furthermore, 
in ma ny oil-fields the high pressures revealed in t he early stages of pro­
duction indi cate that mu ch of the gas must be absorbed in the oil. As is 
the case in a number of western Canada gas-fields a stru cture may contain 
gas a nd salt water, b ut no oil. The lack of oi l in such cases may he clue to 
t he fact that gas is much more mobile than oil and consequently may move 
much farther from its place of origin or may pass t hrough beds so fin ely 
porous as to hold back any oil. Other explanations of the absence of oil 
might be given, as, fo r example, that metamorphism has procccclecl to such 
a stage t hat only gas may be present. Hegardless of v-·hat t he explanation 
may be the fact remains that many of the gas-fields of western Canada 
yield onl y "dry" gas which sho'rn no evidence of associated oil. 

SYNCLl NAT, STHUCTURE 

A synclin e is a t rough-like fo ld. If a porous stratum in such a fold 
co ntains oil and gas, but no water, t he gas will tend to ri se a long the limb 
of the synclin e and to segregate at t he crest of t he succeeding a nti clin e, 
whereas the oil will tend to sink Lo the bottom of the downwarp or syn­
cline, t he movements in both cases being due to gravity. Such occurrences 
of oi l in synclines are known in Canada, but are exceptional. It is probable 
t hat t he movement of oil under the influence of gravity alone is rclatiYely 
weak, because other forces, particu la rly t hat of capillarity in a fine-grained 
stratum , arc much stro nger. The action of capill arity alone in a " ·atcr-frcc 
san d, is one of diffusion rather than concentration, but , acting in con­
junction with gravity, t here might be some concentration, especiall y in 
t he case of a porous stratum having relative ly easy channels of movement 
t hrough la rge pores where the force of capillari ty would be mall . It is 
probable, however, that irregularities in t he character of t he pore spaces 
in a sand would tend to make concentrati on relatively in compl cLe . 

SAND LENSES 

It has already been stated that capillary attract ion in the case of 
pores within t he cri tical limi ts of size is three t imes as great for water as 
fo r oil and fo r this reason water will penetrate t he finer parts of a sand 
and force oil to t he coarser parts. This, probably, is the controlling facto r 
governin g t he accumul ation of oil in those par ts of a porous -traLum where 
t he pore spaces are largest . These coarsely porous par ts of a stratum 
usuall y have irregular forms, pinch out laterally, and arc in general lens­
shapcd. \¥here gas and oil arc concentrated in such coarser sand lenses, 
they may be under high pressure. It has been suggested that t he pressure 
may be du e to capillarity, but this idea has been refu ted by \Vashbmne. 1 

Possibly it is partly due to hydrostatic pressure 'vhi ch in many gas- and 
oil-fields is nearly equalled by the gas and oil pressure. Sand lenses con-

1 \\":1H hburnc, C. \\" .: " The Capillary Concentration of Gas and Oil"; Trans. A m . Inst. ) f in. Eng., YOI. 50, 
p 852 ( ltl ! J). 
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taining oil a nd gas may occur without any relation to othe r strn ct ural 
features. Sin ce most such lenses arc in·egul ar, t he gas and oil collect in 
t he higher pa rt s, as in anti clin al strnctures. 

'l'ERRACE,' 

A local fl attening of the st rata in a region othenvi fle characterized by 
a uniform dip gives the te rrace structm e. ·where wa ter carrying a long 
with it oil and gas is moving up the clip and where ,1 the movement is 
"so slow t hat, ass istrd by the grav it y component of buoyancy, it is litLle more Limn able 
to move t he oi l with it, t he f·latlc ning at the clown-d ip edge of a tr rrace m ight be enough 
to a rrest the movement of the oi l a nd gas and slnrt a n accumulati on . T his 
pool would gro\\" from acc ret ions added on the cl ow n-dip s ide and in t ime might exlrnd fo r 
a C'Ons idernhle distance do\\"n the dip from t he eclgr of t he ter race. I n genera l a te rrace 
shou ld be a ble to cause oil ncru mui:lt ion on ly \\·here t he movement of t he roc k fluid s is 
comparatively slo\\", so that slight obstacles suffice to a rrest the movemen t of t he o il 
glob ul e~." 

J ohnson and I-Iuntley2 in di sc ussing t he t errace structure assum e that 
where there is a gravitat ional separation of oil and gas through wa ter lherc 
is a cri tical gradient ,,·hich wi ll a llow oil and gas to accumulate. \\'here 
the dip exceeds in amount t he criti cal gradient, the oi l an d gas will be 
carri ed up the dip , but where the gradient fall s below th e critical gradient 
t he oil an d gas will tend to accumulate . It is stated, howeve r, that " it is 
diffi cul t to ascertain the cri t ical graYitalio nnl gradient because of t wo 
va ri a bles: (a) degree and types of porosity, and ( b ) direct ion and effec tive­
ness of t he current within the rese rvoir"; the cuncnt is considered as 
generally fl owing up dip. The terrace, t hese a uthors believe, must also be 
wide, otherwise the oil an d gas ma~r escape up the dip. These and other 
factors have led J ohnson an d Huntley to regard terraces as of low rank 
a mong favo urable structures and especia ll y so sin ce st ru ctures that a ppear 
as Lc rraccs on t he surface may be absent at depth . Small Folds on a terrace 
st ru cture, however, offer favourable conditions for accumul at ion, sin ce 
they combine the an ti cl i nal fo ld with t he terrace structure. 

FAUL'l'ED STHUCT U llES 

Earli er vic,rs that fa ulted stru ctures were not favourabl e fo r t he 
accumulation of oil a nd gas have been greatly modified by t he discovery of 
ma ny highly productive fau lted strn cL urcs a nd certa in in vestigators have 
concluded that in some fi elds the accum ul ation of petrol eum has occurred 
as a result of fault ing. It has been statcd :i that " fa ulting is associated wi t h, 
and probably is, the contro llin g st rnctural fcat m e of a ll Lhc oil-fields in the 
relat-ivcly fla t-lyin g beds of the Uulf Coastal plain , from the Lower Cre­
taceous up to the Plioce ne." Faul ted strn ctures affording oil produ ct ion 
a rc a lso known in many o1her oil-fields, especiall y the Rocky M ounta in 
fields, " ·here the accumu lat ion is thought to be closely related to the 
fa ullin g. Hich-1 has pointed out t hat too much cmphasi;; may be pl aced 
on fa ul ting and t hat allhough it may be beneficial in some instan ces it 
may be decidedly detrimen tal in others by providin g a chann el of escape 

1 Hich, John L . : ;,l.ndcrg;round Water a.-;; a JJri111ary Cautie of the :\f igration and .:\('cumulation of Oi l and G~"; 
Ee. Gc<>I., rnl. IG, No. 6, p. ;355 (192 1). 

2 JohntiOn, ll. I L., and Jl unt lcy, !. . C:.: " T ext B ook Oil and Gas Production," p . 72, 191G. 
:i Pratt, \V. E ., and I ahce, F . H. : "F :1ul1.. ing and l 'ctrolcum . \Cl'UlllUlation t!t ) fcxia, T ex::is"; Bull. Am .. \ s::. 

P ct. C:col. , rnl. i, Ko. 3, p . 23 1 (1923 ). 
4 Hich. Jo hn I.. : "The 1 lydraulic Theory of Oil J.Iigrat ion''; Hull. ~\m . . \ s:;. of P ct. C:eol. , YOI. I. Xo. 3, 

p . 222 (19"3 ) . 
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for oil and gas that woul d have been retained in an anti clinal structme. 
l\'fi11s1 states that: 
" T he escape of "·ater through natural passages, such as fau lt fissures, has induced wide­
spread hyd rauli c currents t hrough the beds toward t hese points of di min ished pressure 
and these water cul'l'ents, plus buoyancy, have cont ri buted la rgely toward t he migration 
of oil to favourable rock ent rapments in the vicinity of the faults. The propu lsive fo rce 
of ex pand ing gas has been one of t he contribu t ing ca uses fo r the hydraulic currents. 

P aradox ical as it may seem, t he escape of gas wi t h entrained oil t hro ugh fiss ures has 
been an important factor in the m igra t ion and acc L11nu lat ion of o il in many faulted a reas. 
Compressed gas is tl1e propu lsive force by which oil genera lly moves to prod uci ng we lls. 
H is :dso one of t he propulsive forces by which oi l hns moved with or even a head of water 
under condi tions of differential pressure brought abo ut by fau lting. 

The conco mit a nt fo rm ation of gas a nd oil, together 11· it h the diffusion of :i hsorbed 
gas under high pressure t hroughout the underground water a nd disseminated oil , n, re 
assumed to have preceded the processes herein outli ned and have made t hem possible. 
Absorbed g:1s tends to lower t he viscosity n,s well as t he specific gravity of the o il , espec ia lly 
where t he abPorhcd gns expands suffi cienlly to fo rm minute bubbles within t he oil. Aga in 
und er t he propu lsive force of water currents a lone, t he o il tends to move less readily tha n 
t he water, as exemplified by the fo rm at ion of m iter co nes a round prod ucing wells, hut 
where t here a rc considerable proportions of rapidly expanding gas, the oil is prope lled 
ahead of the 1rnter. There arc, of co urse, li mit ing condit ions beyond which the fo lding 
a nd fracturi ng, or eve n the erosion of pctro liferous strata, have permit ted the excess ive 
loss of oil a nd gas. There arc a lso cond itiorrn 1111der whi ch fa ult ing has caused harriers to 
m igrat ion where open fi ssures cutt ing dee ply buried pctroliferous heels have 
fo rmed to lmnnels for the migration of oi l, gas, and w:i ter and h:wc 1"11cn become sealed 
suffi ciently to retain a part of the oi l and gas in the reservoir rocks, the processes herein 
outlined have evidently funct ioned. During the more or less cxtensi vc move ­
ments of oi l, gas, and wa ter toward producing wel ls, t he gas a nd oil tend to Aegregate 
above the water in to favo urab ly situaled pa rts of t he sands. This has been te rmed indu ced 
segregation . .It is mildl.v a na logous to what happens when hard ot· li t hified strata contain­
ing unsegregated gns, oil , '1nd wa ter under pressu re are fractured by fau lt ing or fi ssuring . 

.Another important analogy between the deep-seated effects in duced by oil and gas 
wells and the effects of fa ul ti ng is the deposit ion of pract ically t he same minerals in t he we ll s 
nnd in t he natura l fi ssures. Calcite, barite, a nd gypsum, wit h in clusions of waxy hydro­
carbo ns, acc umulate in such quan t it ies in t he we lls of t he Appa lachian and :viid-cont in ent 
fields as to c:<uAc se ri ous production tro ubles. Calcite, gypsum, and waxy lwd rocar·bons 
occu r in the natural fi ssures cutting petro li fero us st rata in 1m1ny fie lds. The origin of both 
ty pes of deposits, those in th e wells a nd those in t he rock fi ssu res, can be traced to t he 
escape of water, gas, a nd oil from petrolifcrous strnta. 

\\"here the gas originally :wcom p:1m·ing t he oi l a nd wnter (primary gns) has escaped 
t h rough the fi ssures, the accumulated oil may be pruct ically devo id of gas. 
But where considerable gas u nder high pressure accom panies oil in fau lted a nd fi ssured 
stru ct ures it seems prolmble that this gas is eit her prim ary gas retained by t he e:1 rl y sca ling 
of the fi ssures, or that it is secondary gas whi ch formed in, or migrnted to, the entrapment 
after t he fi ssures were scaled. lt is possible t hat both phases of gas accumu lat ion are 
represented in many structures. That there has been a n enorm ous escape of gas incide nt 
to t he migration and accum ulat ion of oil in most fields is ind icated by the high concentr;i,­
t ion of sa lts in t he wate rs associated wi t h the oil. This concentrntion has undoubted ly 
been brought a bout th rough t he removal of w'1te r vapour in escaping gases." 

Discussin g the question as to why all t he oil and gas doc:o not escape 
from fau lted areas before the fi ssures arc scaled , )'Iills wri tes: 

"The question might just as well be asked : \\" hy does all t he o il not fl ow from a pro­
ductive sand t hrough the wells t hat tap t hat sa nd ? ln both cases, t he flow ceases when 
the propulsive force becomes inadequate to propel the oil to the surface. Let it be remem ­
bered t hat under ordinary condit ions of recovery, about 80 per cent of t he oi l origin a lly 
contuined in a productive s:1ncl may, :1nd probably does, rema in undergroun d when :in 
oi l-field is aband oned. As is the case wit h wel ls, t he complete escape of oi l t hrough open 
fissures has probably fa iled largely because of dissipa ted gas pressures, whereas the fin a l 
retent ion of the oi l is clue to t he sealing of the fissures before t he gas pressu res in t he vicini ty 
of the fa ul ts have again built up t hrough regiona l adjustments." 

1 M ills, H . \ ·an :-\.: "N~1iur:d Ga!'! aR-a F actor in Oil M i~ra 1 ion nnd Accurnulation in the \ 'icinity of Fau lts"; 
Am . Assoc. of Pet. Gcol., vol. 7, pp. 14 -2 1 (1!123 ). 
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Faull fissmcs m a y be scalrd iff l he Ill i nc l'al s m en ti oncd by ~Ii ll s a nd 
a l:=;o h.' ' ta!' O f' as pha lt. It has been· s hown 1 t ha l sul pha t c 1rnt C l'~ !'Cart 1ri th 
oi l, tlw sulph atrs being r educed i>.'· th r h» drocal'hon s of the oi l o r µ;a s to 
sulphides a nd the o il :rnd gas in part being oxidi zed. II_vcll'ogr n s ul p hide 
thus fo nn r d i:-; r radil.'· oxidi zed t o gi l'c :-;ulphur which is ci uit c so lu b le in 
petro le um. The high sulphm co n trnt o f so me o il s m a.'' he in p:trl at lc;tst 
acco unt ed fol' in ihi s 1nty. r\ s sulph a Lr wat c l's a r r lllUC'h 111 o l'C eo rnmo n 
nra l' t h r su !'face than at drpt h , th is aC"t io n is probably great r l' nea l' th e su l'­
faec :wd as t lw lighter oil s a!'c ehanged int-o heav ier o il s h.'· thi s act ion , 
and as cyapol'atio n and oxidat ion al so l a ke pl ace near the surf:tC'r , the oil 
may IJC' changed to tar Of' aspha lt and thus seal the a\·e nuc o f c;;cnpc . 
. Acco l'cli ng to Pack2 "l he c ffcC'l of th e d ee pc I' \\·ate l's on the oi I is not so 
exte ns ive as t hat of surface ,,·at c rs , but it is cY idc nt none t he less, fol' in 
plac·c aft c l' pl a ec (in the ~unsct-:\ficllrn.'· fi el d ) \rhcrc \1·alcl' is found in the 
oi l 1;a nd a deposit of tar or heavy oil se parat e;; t he port io n of the sand 
oc·c·upi <'d b.\· oil from that oceupird h.'' 11·atc l'. " It is ilrn;; l'\· ide n t that in 
this C"asc eve n a l depth tarry m ateri als can cffect iw ly seal off a cha nnel 
of escape fo l' oi I. 

HESEHVO!l1S RESULTlNG FHO!\I lN'l'RUSIOl\S 

ln Canada t hc!'C arc no known rese rvoirs of th is type, but ,· in cc oil 
occ urs in :'I fontana in s t l'Uct urcs that ha vc been thought lo be rclat r d to 
the in t l'u s io ns of th e R11·crt Gra ss hill s, s t ru ct ures of th i>; iypr m ay have 
some impo rt a nce in so uthern 1\lhe rla. Jn l'rga rcl to the Sn·ccl Grass iulrn­
sion D~rn·son '1 dP C" rihcs the l'clat ionships thus : 

"Thr C'rnt ral m nssrs of the h ultrs (tl11·rr h11 ttrs of ignrous rock composr t hr R\\"rrt 
Crass hi ll s ) a rr c·omposrd of trnpprnn roc k and arou nd thrm lhr p rrv iousl.1· horir,ontal 
beds of t hr plains have been tiltl'd up , thosr immediate]_,. s urrounding t he ig11 Pous 1rnrnses 
1·rst ing a t vN~· high a ngles. [) _,·kps of Pn1pt ive m a!C' rial trnvr rse the sedi­
nw nlar_,. roc ks s ur rounding t h <' huttC's, in some places, a nd :ippe:ir gc'11Pr:1ll_,. lo h:1ve :1 

dircC'tio11 rad iant fro m t he higher peak s ." 
The intru sions h ave IJC'cn dcscribcd·1 as laccoli ths , s ill:-; , a nd dykes 

and it has hrrn suggested '' that t h!' i r prese nce " in par t a l Jpast, ind ucccl 
the folding o r t hr Krvi n-Sun burs t dom e or i l may lw th at· th is largr S_\' 111-

mrt ri('al domr is itse lf laC"colil hi c in origin ." 

POHOSITY OF H ESEH \'CHH ROC KS 

Th e co rnmoncf't ro ck ::; acting as rrf'rn·oirs for accull1u lal io 11 s or o il 
and µ; :u; :tl'c: ( I) porn us sand sto ne , a nd (2) dolornit rs or cl o lo rnit ic lime­
s tonrs. Ollwr roeks arc not o f so grrnt importan ce , a ltho ugh in so ll1 c 
fields o il has been prnduccd in ciu a nli t.v from C'l'cviccs in sha lrs . 

The pornsih· of a sand s t o ne clrpr nds o n a number of factors , as fo r 
exampl e the s happ of thr sand grains , the mann er in whiC'h t hr.'· arr pac ked , 
ih r Y1niat·io n in s ize of the indi,·idual grains , a nd the amount of clay or 
s ilt or of C'aiC':uco us O f' s ili C"cous cement be t ween thr sand grfL in s . If the 
grn.ins n rc uni for m in size a nd shapP , t lw amo unt of pore s pace is th e sru n c 
11 0 nmllc r !tow s ma ll or la rgr the grains lllay be, provid ed 1 hey nrc packed 

1 Hog:l'rl". C . S.: " TltC' :--:.u nsl•t-) f idwa.\· <'ii F iPl' I , C'nH ·, l ". :-' . C: S . P ro f. P a ppr 117, l !IJ!l. 
~ J':.1ck . IL\\' .: "Th(• :--.·un:--Pt·.\lidwa.\' ( '. j] Fi(• ld, C ali!" ; l ' .S.C S. 11rof. ·1\qwr I lfi, 1!120. 
:i Daw~on. C . .\ !. : C:e'l l. !--:un· .. C 1nacl:1. BPpt. of Pr')!!;. 1'!'12- -t. pt. C. p. 11 . 
4 Fl"t' p, .I . F , and Hi!l im?;:- h:• . J>a!..11: ·· ;-.:,,t'l'l Cra:-:- ll ill !--' , .\ l on1anu"; Bull. C .'-' .. \ .. ,·ol. :32. po. -t:17-78 ( IV2 1\. 
&lLirk. F . IL: "Th· h~e,·in-:--iunhur:-; t O il F ipld, .\ (ontuna'': Blll l . . \ 111 . . \ ~.-:-oc. P ct. (; C') I .. ,·ol. 7, :\o. 3. p. 27 1 

(l[!~:l l. 
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in the same fashi on. If the gra ins arc large t here will be a com parat ively 
sma ll number of la rge pore spaces, if t he grains a rc small there will be a 
la rge number of small pore spaces, bu t the total amoun t of pore space will 
be the sam e. \\'here t he grnin f:i a rc arranged in t he mosL com pact ma nn er , 
t he a moun t of pore space is about 25 per cent of t he " ·hole volum e; where 
t he grains arc a rranged RO as to give t he maximum pore space this amoun ts 
to nea rl y 50 per cen t of t he whole.t Af:i has been poin ted out by J ohn son 
a nd Hun tley :2 

"A d istin ct ion should be made hetwren the t heoret ical porosity of a rnrk a nd its effect ive 
porosity . Owing to t he fact t hat in many rocks a conside rable pro port ion of t he pores do 
not com mun icate, even t hough t he theoretica l porosity may be high , the y ield (of oil ) is 
necessarily very low. A rock with very small pores cannot be dra ined of its oil content 
even t hough such pores commu nicate, because of fri ct ion and where gas or 11·atcr i8 a lso 
present because of capillari ty." 

Thu R, al! hough a fin e-grain ed Rand may have as mu ch porosit y n,s a 
coarse-grained sn,ncl , its cffoct ivc porosity may be ve ry sma ll and in some 
cases may even be nil. As a lready indi ca ted , if the grains of a sane! arc not 
unifo rm in sh rt pc an d size, the small er grain s may fi ll par t of t he spaces 
between the la rger grain f:i n. ncl consequen t ly red uce t he porosity . Sil t 
a nd clay or mate rials cement ing the sand grains will also diminish t he 
amoun t of pore space. 

Next to poro u::; sands, dolomites and dolomi tic lim estones form t he 
m ost impor tant rese rvoirs for oil and gas . 

Anal~·sc f:i, pu bli shccl by Or ton ,3 of rock fro m different parts of t he Trcn ton 
fo rma tion fi rst drew at tention to the fact t hat in t he Tren ton oil-fields of 
Ohio the oil is associated wi th dolomi te. Pi eces of rese rvoir rock, dolomi te, 
blown from the well s, a rc ve r.v porous, whereas t he com pact limestone 
with a low nrngncsium co nt rnt holds li ttle if any oil and gas. It has been 
t hough t t haL t he porosity of t he dolomi te is clue to its fo rm at ion from 
lim rs tone, sin ce in t hr cha nge of a relatively pure limesto ne to dolomi te a 
shrin kagc of af:i much as 12 per cent may La ke place. The vie\\· t hat the 
porosity is wholly clue lo dolomitizalion 11·as qursl ioned by Phinncy4 

because "chips a nd la rger masses t hro wn out of t he \\·ells by t he fo rce of 
gas show t hat eve n where the rock is ha rd a nd co mpact small cavitic. arc 
scattered th rn ughout in surh a ma nn er as to suggest t hat a pa rt of its 
substance had bee n removed by solution." It is now generally k no\Yn t hat 
porous lim r ::; to ncs and dolomil rs in cer tain cases furni sh sui table re. ervoirs 
fo r ve ry large amount s of both oil ancl gas a ncl the lloyali te ~o . 4 well , 
Turner \' a lley fi eld , is a good example of production from such a source. 

D olomi te l"orm s in seve ral ways,5 as fo r exam ple by: (1) depos ition , 
(2) replacemen t, (3) leaching. Twcnhofcl concludes th at: 
""Cn lcss t he env ironmental co nditions in t he seas of the geologic past 11·crc great ly different 
from what the.1· arc at present , t hcrr is little possib il ity t hat t he do lomites ll"Cre fo rmed by 
p ri mary org:rnir or chemical deposit ion. On the other hand, sediments n·hich originally 
were dcpo~ i ted on t he sea fl oo r :ls c:t lr ium carhon:tte , or "· it h r:1 lci11m ca rbonate as the 
most impo rtant const it 11cnt, a rr known to have brromr cl olomi t ized a fe11· feet br loll" t he 
sur fare . The high conte nt of 111agnesiu m carbonate nrnsc eit her fro111 leach­
ing or rcplaccmrnt of cakiu1n carbonate. 

1 ~lid1lcr. C'. ~ . : "Theoretical ln\·t-sti~~it ion of the .:'\fotion of Ground \\';,ilcr" ; l · .s.G.;-.;. l !Jtl1 ~\nn. !< ('pt., 
pt. 2. p. 305 (1899 ) . 

:! John;)on, IL I r.. :ind ·11 untlcy, ·1 .. (;.: ''Prinrip)c;: of Oil :i nd G as Product ion," p. 34, 1916. 
3 Ort on. Fdw:1rd: GNI. Su rY . . Ohio , ,·ol. Ii. pp IO:J-105. 
'Phinney . :I .I.: " Th e :\atural Ga, F icl rl" o[ fndiana"; l ". l'.G.S .. 11th ,\nn. Hep!., 1>. 658 (1889). 
6 Twcn hofel , II ., and Collabor~1tor~: ''Trcati.-·con Scdimcnt:1tion," IU2G, p. 257. 
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It l1as been commonly assumed that in the formation of dolomite by replacement, 
there is a n increase in the po rosity of the rock formed" 
and that the reaction involves: 

" A sh rinkage of 12 · 30 per cent in volume. :\Iany dolomites are porous a nd cavernous, 
and this character ist ic has been assumed to be typical of a ll dolomites and to have :iri scn 
t hrough replacement after solidific:ition. However, many dolomites have more than t he 
required pore space, while others, in essentially horiwntal posit ions, have Jess tlrnn O· l 
per cent. It is difficult to explain these variations as due to replacement alone. t:ihclls 
whi ch have undergone partial or complete r<'placement by dolomite in numero us instances 
show no decrease in volume, ::111d it is obvious t hat field observ,.tions do not support t he 
view thfit dolomitiz,.tion involves a decrease in volume. Al though it has not been proved 
that the porosity of some dolomites is due to replacement it is prob,tble that a pa rt of it 
may arise in this way, but there is :i va riety of other factors which arc determin ants of the 
pore space, among which are t he physical r har::wters of t he parti cles composi ng Lhe origina l 
calcite sediments, the cementation, the leaching subsequent to deposition, and the pressme 
to which the sediments were subjected . 

One feature in t he di st ribu tion of dolomites whi ch is of int<'rrst is the fact that the 
occurrence of dolomite very freq ucntl.v is regional rather t han local. " 

The increase in the pore space as the resul t of dolomitization of a 
lim esto ne is illustrated by the dol om ite of the Prcsqu'] lc formation of 
Great Slave lake. On the north sid e of the lake at Windy point and 
vicinity , in the dolomite a rc large cavities lined with dolomite crystals and 
ma ny of the cavities arc fill ed with a se mi-liquid oil or tarry residue from it. 
Another example is t he supposed late Palmozoic dolomite from which the 
deep production is being secured in Turner vall ey. This do lornite is, in 
places, ver~r porous and in view of the large area in which drilling is being 
clon e Twcnhofcl 's statem ent that " the occmrcncc of dolomite very fre­
quently is region al rather than local" is of great importance. 

According to Beal and Lewis :L 
" l\lany geologist and engineers engaged in cstim:iting, b_,. t he use of pornsity, the oil 

content of sa nds in the ]\[id-contine nt field ordinarily use a facto r of 17~ per cent. . 
The porosit y of the ordinary oil s:111d in California is usually taken as about 25 per cent, 
undoubtedly a lo\\" fip;u1 ·c, since sand s as loose as those gene ra ll y avcrngc :3() p<'r cent or 
more i11 poro~itY. PorosiLy in the Appalach ian ficlcl is est imated :tt 10 to 12 .~ per ce nt, but 
act ually productive portions of Lhc sand s probably avrrngc at least 15 per cent. " 

HELATIOX OF OIL PRODUCTION TO OAS PlmssrRE 

The arnou n t of oil recovered from oil Aands by o rdinar~r method s is 
by no means the total a moun t in the sand. Some estimates place t he 
recove ry at only 10 to 20 per eent. The amount recovered " depends mainly 
upon the porosity a nd size of the pores, upon the avail able ene rgy within 
the sand for expelling the oi l from the pores of t he s:u1cl , a nd upon the 
efficiency of this energy." The gas cli ssolvecl in the oil under pressme is 
the main force that expe ls oil from a sand , alt hough gravitation and water 
prcs::: ure are important in so me instances . The failure of a well to produce 
more oil , even though on ly :IO to 20 per ce nt of the oi l in lb c sand has been 
extracted , is not , according to Beal and Lewis, the result of exhaustion of 
the oil, but is clue io the exhaustion of the gas assoc i:ttecl with the oil. 
The conserYation of gas in connexion " ·ith producing wells is thus of vital 
imporLancc. 

Beal and Lc\\'iS have di scussed the effect of gas prcssm e on produ ction, 
and the following statement s a re mainly based on their treatment of the 

1 Heal, Cnrl l r. , and L ewis, J. 0.: "Some Principk~s C:cn·crn in~ t he Produclion of Oil \\'('}!.:;_;"; i · .S. Bu r . of ,\1 inC's, 
Bull 1U4, p . 7 ( ID21 ). 

46851- 2.) 
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subj ect. Sin ce the amo un t of gas that can be dissolved in the oil is pro­
portional to t he pressure, " doubling the pressure, therefore, doubles the 
quantit:v of absorbed gas a nd hence the energy, being lhc pressmc rnulti­
pl icd by the gas Yo l umc, is quad I'll pi ed . The cxpulsive energy thus increases 
as the sq uare of t he p ressure, prov ided there is eno ugh gas associated with 
the oi l lo sfttmate the oi l at lhc existing pressure." Some of t he gases 
present a rc conclcn sahlc al the higher pressures a nd thus go into solution 
as liquids. Th e effect in th e fi eld is that t he cxp ulsive energy m ay in crease 
at eve n a greate r ratio t han the squa!'c of t he pressure. It is essential , 
t hercfo!'c, in the best in te rests of the li fe of an oil-field, that an amount of 
gas as sma ll as possible he used to produce each barrel of oil. If la rge 
q uantiti es of gas arc a ll owed to escape free ly in t he initia l stagcR of pro­
duction it is obvious that the recove l'y of oil will be mu ch less than the 
possi blc maxi rn um. 

In m a ny fi elds t he gas press m e is alio u t cq ual to 1 he hydrosta ti c 
pressm c, a co ndition that has been cxpl ained1 by t he " fact that the \Ycight 
of water in the rock pol'e8 resists the slow ou tward move ment, an d that 
equilibrium is established when the outward pressm e is equa l . 
to the hydrostati c head ." The re a!'e ma ny in stances however, where the 
gas pressm e is much in execs>; of the thco!'et ical hydrostati c pressm e a ncl 
\\Tash burn c believes t hi s cxcef's of pressure may be "assigned in general to 
grefLtcr freedom of eornmltnica tion unclemefLth t he sand . to 
locally more act ive asce nt of rock fluid s from a ny cause, OJ' to greater 
rcRi stance above t he sand ." Pressures lowe r than the thco rc ti eal hydrn­
stat ic pressure may, on the other hand , be " assign ed to the op posite causes, 
or t·o leakage , or to dr>'ncss of parts of the ove rl:--·i ng rock." As proof of t he 
origin from below of pressures in excess of the theoretica l hydrostatic 
pressure \Yash bu rn e cites2 the fact that such excess press mes are most 
common in areas \\·here fracturing is prevalent. Also, excess te mperat ures 
in oil-fields , excess of chl orin e in assoc iated \nttc rs, a nd the abuml fLn t:c of 
hcliurn in so me deep we ll s, point to th e same conclusion. It has been shown 
that capill a r)" prcssme und er certain conditi ons is qu ite lnrge, but \Vas h­
burn e believes sin ce the re i8 no cha nge in volu111 c in capill a ry mo vement 
1 lmt capill a rit·>· it se lf coul d not produce a ny great pressu re in an oil sand . 

l{ELATIO~ OF OIL PlWD"GCTION TO THE RPECTFIC 
GH.A \'ITY OF THE OIL 

A heavy oi l being more viscous than a ligh t oil requires 111 ore energy 
to expel it from the pores of a sand . Since in an y rese rY oir t here is onl y n, 
certain amount of availabl e energy clue to 1he gas pressm e, it follows , 
t herefore, ot her factors being eq ual , t h fLt there wi ll he a larger ult im atc 
recove ry of t he oil if i t is light than if it is heavy . For the f:la rn c reaso n 
t he initial fl ow of oil fr01l1 a sand is likely to be s111 fL ll c r if the oil is heavy 
than if i t were light. The general lcnd enc)·, howeYer , fo r an oil well pro­
ducing heavy oil , if' to dec lin e less rapidl y than on e produ cing ligh t oil under 
si mi Jar con cl itions. 

1 \\': 1·di1 1urrw. C. \\' .: ' 'Til l' C: 1 p ~lla ry Conec:i tration o f Ga~ nnd O il'' ; Tr.in . ..: . .-\m. Tn~t. :\l :n. Eng. , \ "O l 50, 
p [.)i I HJl4 }. 

2 Op, ei t. . p Ul'i. 
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RELATION OF OIL PHODL!CTIOI\ TO SPACING OF WELLS 

The rcbtionsbip of produc t ion to spacing of wells has hrcn di sc ussed 
by Bea l and Lcwis,t and they point out that the closrr the spac ing of well s 
t he grrrttcr the ultimate rrcovcry of oil. The gas absorbrcl in the oil is the 
propulsive forcr driving the oil to a \Yell and for eac h reservo ir only a 
certain amoun t of encri-!Y is available. The energy clur to the gas prrssmc 
ma y he di sR ipat r d in driving rithcr a small amount of oil a lon g di stancr 
or a largr a 1noun( of' oi l a short distance. It is drsi rcd, of course\ to obtain 
tlw 11wxillllllll possible recove ry of oil and it is obvious that this C'll([ will 
bes t he accom pli shrcl \\·herr the r nrrgy is used in cl ri ving a large amount 
of oil a sho rt distance, or in other wo rds ,,·here Urn spaci ng of thr wells is 
closr. Thr rr a rc, naturnl i.'", limit s ~ o the close spac ing of well s ancl for 
eac h field there i" a cert ain spacing which is the m ost eco nomi cal. 

1 Beal, C'. H ., :rnd Lewi:-:, .I . 0.: l.-.;-.;_ Bur . of .\li1w:-;, Bull. l !l-1, p. :::5 (1!.2 11. 
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CHAPTER II 

CARBON RATIOS OF COAL AS A T INDEX TO THE OCCURRE TCE 
OF OIL AND GAS IN WESTERN CANADA 1 

The Carbon lla tio theory is based on the assnmptio n t hat in the trans­
fo rm a tion of carbo naceo us materials such as peat, to coah:; of va rious grades, 
t he changes arc both physical and chemi cal, and the grade of coal finally 
produced depends on t he s tage to \\·hich alterat ion proceeded. Those 
changes which a rc frequ en tly spoken of as the results of metamorphism, are 
clue Lo pressure with accompanying heat , and according lo t he amoun t of 
metamorphism to " ·hi ch t he sediments \\"ith tlw included carbo naceous beds 
have bee n subjected t here is supposed to be a graclalion from peat to 
a nthracite cord an d even to graphite. The improvement in t he quality of 
t he coal as a resul t of rn ctamorrihism is clue to an increase of the carbon 
content and a correspondin g loss of t he vo lat ile const ituents. This ri se in 
t he quali ty of t he coal accord in g to the degree of metamorphism is well 
illustrated by Lhc coals of weslcrn Canada. In the Plains area, where the 
dcformahon an d t he atLcnclant metamo rphism of the sediments arc com­
paratively small , t he coals arc lignites, whereas in t he mountain s where 
deformation has been severe t he coals arc semi-anth racites and in t he 
intervening areas they arc sub-bitumi nous and bitumin ouf: . The ;;amc 
general relation. hip between the quality of t he coal and t he degree of 
metamorphism holds true for the Appalaehian basin of the Uni ted States 
where there is a progressive in crease in t he qu ality of lhe coals from west 
to cast, that is, from an a rea of co mparaJ ivc ly slight metamorphism to a n 
a rea of marked defo rmation in the Appalachi an l\Iountain region. But, 
a lthough it is true that this relationship holds in a general way, it has been 
fo und that the increase in t he quality of the coal is not always uniformly 
progressive and Lhcre may be local varia tions such t hat a n area containin g 
coal with a carbon conten t indicating low or medium m etamorphism may 
be surrounded by a reas in whi ch the coals a rc of higher grade. These local 
variat ions in ma ny cases can be cxplainccl and in no \Yay detract from a 
general rule, na mely, that in a region exhi bit in g a progressive increase in 
t he quality of t he coal from an a rea of low metamorphism to one of more 
marked deformation , t he qua li ty of the coal , i .e. the amoun t of fixed carbon 
in lhc coal, may be Laken as an ind ex of t he degree of metamorphism of t he 
coal as well a;; of the sedim ents in which it occurs. It has been pointed 
ou L2 that certain coals such as cannels a re unre liable indicators of t he 
vary ing degrees of metamorphism because of t he nature of the material 
from which such coals were derived. Such coals, however, arc not known 
in western Carmela a nd t heir behaviour need not here be discussed. 

It has been ri ointcd out by ·whi tc'1 that in a ny area there is a relation 
between t he character of ihc oi l found and the character of the coal, and 
srnce : 

1 Pub li;5hed originally in the Bull C'an. l n:-:;t. )l i.i. and ~\l et. 
2 Lilley. 8. lL: "Coals :•s an A id in Oi l Explor J Lion"; En~. and ~ f in. Jour Pre.~::.. \·ol. I Ii, Xo. 25, p. 1009 (1924 ) . 

Rll.:i3ell, \\". I .: "Helation Bctwee:i lsocarbs and Oil and Gas Pr..>duction in Kentucky"; Econ. Gcol, YO l. 20, 
Ko. 3., p. 249 (1025). 

J White, David: ,._Jlc lat.ions Bet ween Coa l and Petroleum "; Jour. of \\"as h . .A cad. of Sci., ,·ol. 5, p . 203 (19 15). 
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"P et roleum is a product generated in t he cou rse of geodynamic alteration of deposits 
of organ ic deb ri s of cer tai n typrs buried in the srd imentary st ntta, the quantity a nd 
cha racter of the oi ls generated a rc determined by: (1) t he compos it ion of t he organic 
deposit at t he beginning of the dynamo-chem ical a lterat ion of t he organic substances; 
(2) by the stage in the progress of t he dynamo-ehrm ical alteratio n of t he org<tnic sub­
stances; (3) by t he elimination under certain cond itions of the heavier and more viscous 
hydrocarbons through filtrati on incident to migration. " 

Thus, although the 
"Compos ition of the mother organic deposit largely regulates t he types of oils, in gcn­

cr:d it is seen that t he lowest rnn k oils of each Lypc arc found in regions and format ions in 
which the carbonnccous deposits a rc least altered; that the oils in fo rmat ions showing 
grra ler a lteration of organ ic debris, as in sub-bi t uminous coals, arc of higher ran k, the oil 
be ing still more clearly of high rank in regions a nd fo rmat ions of bituminous coals; a nd 
t h:tt in rrgions of sti ll fur t her a ltr rntion t he oi ls arc st ill better, t he highest rnnk oi ls being, 
on lhc whole, fo und in regions where the carbonaceous deposits in t he same or overly ing 
format ions have been brought to corresponding higher ranks." 

r\l::io , according to ·while, i t appears lhat "the effect of progress ive 
region al dynamic alteration is marked by a concentration of hydrogen in 
t he distill ates and a conccn lration of carbon in the res idu al debris (coal, 
carbonaceous shale, etc.)." Thus t he oil is of light grade where t he carbon 
content of the coal is high a nd the oil is heavy where the car bon con lent of 
t he coal is low, but t here is an upper ancl a lo,rnr limi t to the amou nt of 
mclarnorphism t hat can take place and still permi t oil lo be present in the 
sediments so affected. If metamorphism has not procceclcd to a certain 
stage the carbonaceous material \Yhich is the source of t he oil and gas " ·ill 
no( be suffi cie ntly altered to cause the formation of oil and gas. On t he 
other hand , if metamorphism has gone beyond a certain stage, t he oi l a nd 
gas will , to a lrirgc extent , be destroyed and according to Lillcy1 " dry gases 
composed alm ost entirely of methane aml residual ca rbon are formed. 
Ultimately if the pressm c becomes too srve re, the metha ne is destroyed 
and the vola ti le hydrogen gas evolved. Because of the small size of the 
hydrogen molecul e this gas easily escapes from the heels contai nin g it to 
the at mosphere a nd is lost." These re lationships bclwcen t he coals, and 
oil a nd gas have been summarized by T<'ull er2 as follows: 

Carbon rali o:t rrcvailing c· liar:w tcr o f ~:tncb; J>roduC'tion 
-------- -------------·----- -----------·------------
Over 70 . .......... Hard and t igh t.. ~o o il nor gas, with CXC'C'ption s. 

70to65. Tigh t with a fc\\" porous spots . Csua ll y on ly "s ho\\"s" or small pockets. 
l'\o comm creial production. 

-------- -----------------
65 lo 60 . . \ "ariable, " ·it h porous bed s of li rn - C'o rnm ercifl l pools rare. but o il except ion-

60 to 55. 

iled extent. ally high grnde when found. C:as \\"e ll s 
c·o 1111 11 on, bu t Ui::iU:t ll y i ~o latcd rather 
than in poo l ~. 

Fai r I>· cont inuous and open .. Pr incipal fi e ld s of light oils a nd gas. 
------------------------ ------------------
,55 to 50 . ... ~ofter, less fir m ly C'O nso lida ted, a nd l'rin C' ipal fie l<b of 1ned iu111 o il s of Oh io-

lnde r 50. 

m ore continuous and porous . Indiana a nd .\1 id-continent fie ld s . 

. :-iand s usua ll y sa turated , often \\" ilh l Fickb o f heavy eoasla l Plain o il s a nd of 
fre sh water to all d epths reached _ unconso lidflt cd T er t ia ry or other fo rm-
hy well s. at ions. 

1 L illey, E. l L: "Coal a~ an Aid in Oil Exploration"; .Eng. and :\fin . Jou r . Pres~. vo l. 11 7, Ao 25, pp. 1009 10 12 
(1924 ). 

~ Fuller , .\LL. : '' Hclat ion of Oi l to Ca rbon Batio.:; of P cn n.;yh·ani ::rn Coals in Xor th Tcx:l s"; Ee. Geo!. , ,·ol. 
14, p. 538 (1919 ) . 

i T'hc carbon ratio is the recalculate I pcrcc1 ta~c of fixed carbon in t he coal after the as h n nd moi.5t urc luwc been 
cli minutcd. 
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These conclusions of Full r r a rr hasecl on t he rel at ion::;h ips exist in g in 
rrgions bearin g coal of P enn s_v lYanian age . A stud>· of the relat ionships 
rxist in g in t he pla ins of wrstr rn Cana da whr re the eoals a rr of CrrtaC'ro us 
agr ind iC'ates Lhat so me m od ifi cations of t he theory m ay be necessa r>' , bu t 
t he avail ahlr data is rat hn li1lli trd a nd a sat isf1tcton· C'o nelusio n has not 
yet been reached. So fa r , ho 1rever, i t ap pears that· t he car bo n ratios of 
t hr C' rctacrous C'oals do srr 1ll to be an ind ex of t he cl rg rrr of metamorphis m 
a nd , co nsrqurntl .v, afford a means of predi ct in g where, ot her conditions 
favo uring, oil 1ll ay oecm. The :t ppli ea tion of t he carbo 11 ra t io theory fa il H, 
ho1Yever , in so me eases, in thr nrn ttr r of prrdicting thr quali ty of o il that 
would be exprcted . T11·0 eases 1ll ay be cit r d , na1n r l.v Wainwright a nd 
Peare Hive r. Tn both of t hrsr a reas t hr rnrbon rat ios of most of thr roals 
a na l.1·sed fal l !Jc t 1reen 55 a nd 60 a nd light oil s mi gh t be ani tci paled ,1 

wh r rcas heavy oil s haYr hrr n found . T1rn possibl e rx phtnatio m; of th is 
a pparent di sc repancy can be :rnggcsled a nd a lthough proof that eith er is 
eo1TC'ct is lac kin g it ma~· !Jr t bat both are va lid. Tbr first deals with t he 
mate ri al fro Ill which the o il origin ated , a nd the :-cco nd considers onl y 
a lt erations afTcC'l in g lhr oil sub;;rq ucnt lo its fo rn rnt ion . In rrga rd to t he 
fi rnt explanation i t has a lrcad>· been stated that the characte r of t he 
n1 al e ri a l from which t he oil is drri ved a ffcC'ts the qua lit .1· oft he oi l p rodu C'rcl. 
The materi a ls t hat afford r cl thr oil s of t hr C retaceous may have bc r n qu ite 
unlike the organi c n1 alcri a l that l"o rmcd the oil in the arras of P ennsy lvanian 
strat a, and , t hr rcfore , thr signifi cance to br a ttac hed to t·hc carbo n ratios 
of the coals oft he l 11·0 contrasted regio ns may be q ui le diffe ren t. In regard 
to the seco nd rxpl.tn at ion, Hogrrs2 point s out that though surface 1rnlC'J"s 
Ill a.I' carry sulphalcH, on t he ot her hand, ll"alc rs assoc iated ll"ith oil a nd gas 
rnrr ly if cvr r do so a nd " i L is gr nera l ly su pposecl t hat t hr ahscncr of su l­
phalc is due Lo the reducing act ion of hydrocarbo11s, the sul phat e being 
rr clu crcl to sulphiclc , whi eh passes off as h~· d rogen sulphid r " 
Bu t t hough byclrogen sulphide " i:o founcl in many of the 1rntrrs above t he 
o il rnras urrs," t hr quantity prrsr nt i:-; so s 111 a ll as to suggrst that " it is 
br ing remoYed from solu tion nra rl >' as fast as i t is bein g fo rm r cl. " Hogns 
c:o 11 c· ludcs, sin er hydrogen stilphid e i:; read il y ox icli zcd to sulphur, that " il 
is proba ble t hat consicl erabl r arnounts of hydrogen sulph ide arc oxicli r,ccl 
lo :rnlphur a nd arc re movrd li.v precipitatio n from the wat ers above t he oil 
measures." T he act ion of sulphur a nd a lso of oxygrn 1rhich is carri rd in 
so lu tion by most cl cscencling i:; urfacc 1ralers, i:; to cause the oil 11·ith 11·hi ch 
it co mes in co ntact to bccornr hrm·ie r. Thr act ion of sulphur on oi l is 
explained b.Y H,ogcrs as fo l !011·s : 

" If paraffin o r par:t rfin-i>e:t rin g; o il is digested wiLh s ll lp hur at modcrnte Lempr r:it 111·ps 
it becomes lila('k a nd heavy aud fin:.dly passes to :1 s ubstance re~cm h l i ng so lid as ph a lt . 
~ imil n rl y if n ligh t asphnltic o il is treated with Sll lphu r it becomes darkrr a nd more visc·o ll ~ 
fin a lly liecomi11 g; asp ha lt. . The su lphur :dom , li.v cxtradi ng two :tto1 11 s of 
hydrogen from the o il , causes a conclc>nsnt ion or polymrr izntion of the hydrocarbo n molc­
cu lr a nd this chang;e is re fl ected in t he in t" rc:tsc o r Lhc g; r:t vit.'· of t he oi l it se lf as it approaC"hes 
so lid aspha lt." 

In t he e ffec ts proclu cccl oxyge n ac ts on oil to givr mu ch the sa me 
resul t, sin ce, according to H ogcrs "oi l exposed to the a ir fo r a Jong tim e 
bcco1u es d a rk, heavy, a nd v i:ocous a nd fin a ll y passcH lo asphalt. This 

I I t ~ hould hC' hornt' in Ill ind l h: l t oi l ... fro 111 lim(';;tone.; h:i \"C ht'l'tl round to lw IH•: 1 \ ' it•r t hnn fron1 .-- :ind:-- of l ht• 
s· irnc de.i;n•p of 111ct:1111orphi:-;rn a:-; indiC'U tl'd hy the ca rbon rntio thc:H"y nnd . thereforl', thut for thi::; second rl'a ..;0 11 
the oili; oft he two fi e l d~ would be expcf'ted to he li!!;i it er than t!w:-· ha\'(' proYcd to be. 

2 Hoger .... , C:. :--; ,: l · .:--; . C:eol. Sur v .. 'Prof. Pa pN 117, pp 2i - ;{ J ( l!ll!l ). 
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change is clue ehi d l>' to t he evapo ra ti on of t h e more volati le cons t itu ent s 
but pa r tl>· (o oxidation. " H ogen:; h as sh o1rn t hat in a general way t he 
a rn oun(· o f sulphur in the oil gi ves a n indi ca ti o n o f t h e change that h as 
oecurrcd . Th e P eare Ri ,·c r oi l is not abl~· high in sulphur and C'ameclJL 
r eco rds that wa ters issuing from a wcl I 26 fee t deep ha d a s t rang odo m of 
hydroge n sulphide a nd tha t a n n na lys is of 1 he \l"n (er sho 11·cd h .Hl rogcn 
s tilphidc to be p resent in c01rn idcrablc quan( it.1» In t he c:tse 01· \\'ailllnight 
o il co ns id e rable sulphur is a lso pr rsc n t, an anal>·sis of oil from Xo . "' British 
P e trol e um s we ll m a d e by t he Fu el Tes ti n g Di vision of the :-Iincs Bran ch 
shmYing a sulphur con t en( of l · 98 pe r cen t. Although t h r p rrsence of 
s ul phur in !he oil s of the P caC'c Hive r a nd \Vainw righl fi cld i:i is not proof 
of t he m od e of origin of the hea1·y characte r of the oil s in th rse t 11·0 fi e ld f' , 
ye t it is a( lcasL w ry suggest ive of the ac ti o n of s ulphur on t he oil , si nce 
t he o il s arc hc~wy a nd asp ha lti c, \Yhcreas from the earbo n ral io o f the 
coals rnu r: h lighter oils 1rnu ld be ex pected . 

The second possible ex pl anati on of the failure o f the applicati on of 
t h e earhon rat io th cor.v , Lo in d iC'atc t he qu a lity of the oi l, is , as Full e r2 haf' 
shown , lhat t he carbon ral io of coa l in crca,,cs ac th e d epth of burial of t he 
con,! increases, b u t the rn! c of innease is unkn own. Thi s suggest s t hat !hr 
o il s a lso should in crease in qu a lit y 1rith d e p t h in any partir:u la r field , a nd 
\\"hile '1 h as s t a ted (hat " in ge nera l a( a gi ve n point t h e oil s found in suc­
erssivc u1 l( lc rl y i11 g fo rrn atio ns or in st raligrap hi eall.v lo wer snnds in the 
sam r fo rm a t ion a rc prog rcssin' I>" high er in r a nk." As a n cxa mplr thr 
\\" a inwrig ht fi e ld ma)" he again cited. It if' believed t he rr arc t wo oil 
hori zo ns in !he \\"ain wrigh t fi e ld. The uppe r of these in Colo rado !'hales 
givrs oi l of a pproxim a (r ly ] 2 deg rees Bau m e, 11·hereas t he lo1Ycr o ne in 
prcsun1ab ly Lo 1rcr Cretaceous sa nds y ields oi l of J9 to 20 deg rees Baum r, 
thr in crcasr in qua li ty with d epth in this casr bring quit e prono un ced. 
JT owrvrr , as sh o 11·11 by Fullrr ,4 :tlthough tl10 cl o1ynwa rcl incrrnsc i11 carbo n 
ra( ios may be fai rl y un iform it is 0 11!.1· f'O " 11·ithi11 (he li mit s of uni nterrupted 
deposition . .\n >· im po rt a nt hi a tus, 1Yhc!hrr or not r c prrse nt ed 
by a recogni zab lr un con fonnit.,-, is likc l>' l o hr marked h>· a ra thr r sudd en 
ri se of th e fix rd earbon in passing clown ward anoss (hr h rr:t k. ,. For l hi s 
r easo n , t herd o rc, t he ca rbo n ratios indi ca ted by C'oals of Crctaeeo us age 
would he a n indiea(o r for o il ;.; tha l oec m , a nd whi ch o ri gin ated in C' rrtaceous 
sedi1n c11ts. Thc:'c rati os probabl y would not co rrect h · incli ca!c the to t a l 
drgrec of n1 e larnorph isrn l h:tt trnt>' ha \ "C ta ke n pl ace below a n u neon form it y 
su C' h as that sc para( ing (he C re taceo us a nd o ld er rocks in certa in pa rts of 
Alber( a. 

H mus ( be r c mc mbcrrcl (hat 1dwrr the earbo n r:1J ios of coal i ndi eate a 
favo urabl r degree o f m ctamorph ism fo r · oi I an cl gas, other con cl i tio ns 
n ecessary for lhc ncc u111ulati on a ncl preservatio n of t he oi l a nd gas rnu f't 
be presen t to jus tify drilling to t est such prosprct i\' r a reas . Thus , g iyc n 
sui table so urce mate ria ls fo r o il a ncl gas und e r favo m ablc conditio ns of 
m etam orphi sm , the re must a lso be porous hori zons to cont ai n the oil an d 
gas when fo rmed and lhcsc hori zons mu ;; t exte nd in to ::tructurcs that 
permi t the accumulation of oil a nd i ts retention by a n imperviou s cove r. 

'C:in1'el l. C'hilrb: Geo!. i'ur\"., C:i nada, :-;urn. Hept . 1!116. p. 14 5. 
2 Fuller, ) I . F .: "Hel::nion of Oil to Carbon H:1t io.; of Pcnn:-..dnrni:111 Coal!-; in '.\" :>rth Tcxa!->''; l:C' . (; (»"I I. , n>I. 

14 , p, ,5;{7 (19 1!l ) . 
;i \\'bite, D a vi d: .. Bc>lat ions Between C'Oll l :rnd VetrolN1 111"; \\ ' : .t.~h . :-\c:•d . or :-:c-i ., \"O I. Y, p. 2 11 ( \9 15 ). 
4 Fuller, .\f. F .: ''(';irbon Hatios in Oldahom:1 Coal.~"; l :c . Grol., \"C>I. 15, p . 227 ( IH20). 
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Unless all t hese condition s are present the carbon ratios have no valnc as 
indi cating the presence of oil or gas. They arc a valuable aid in se parating 
the promising from t he unpromising prospec tive areas as a prelimin ary 
step in the search for suitabl e slrncturnl condi tions. 

In applying the theory of carbon ratios to Alberta the analyses used 
arc those given by Rtansficl cJl and those published in various repor ts of the 
Geological Survey of Canada and the :\fines Branch. Stansfield has grouped 
the a nalyses for each town;;:hi p. The townships arc 6 miles square. The 
analyses for one township do not n cccssaril~r indi cate the conditions of 
metamorphi sm whi ch exist in other townships in the same coal area. It 
has a lready been stated Lhat pa::;sing from the pl ain s to the mountains there 
is a general ri se in the degree of metamorphism and hence in the quality of 
the coals. This ri se from east to west is, howcYcr, by no means uniform 
a ncl especia lly in southern Albert a there is mu ch vn ria tion. In this con­
nexion it wi ll be recall ed that there arc severa l hundred feet of T crfrtry 
sediments, in cluding conglomerate of (\ligore nc age , in the C~r press hill s 
of Saskatchcll"an and Albert a . These sediments were undoubtedl y derived 
from the mountains to the west ancl probabl y once extended west ward to 
them, although nO\\", except in the Alberta synrline , a great part has been 
rc111 ovcc1. It is suggested , therefore, t hat the former thick cover of Tertia ry 
sedim ents may have cau ~e cl stati c metamorphism , which ma~r in so me 
cl cgrcc accoun t for t he grade of coal found in certa in a reas of the plain s 
where the fo lding seems to be nry gentle and the carbon ratios of coals 
indicate a degree of mcLamorphi ;m1 considera bly higher than otherwise 
mighL be ex pected. Local yariations in the amount of metamorphism , that 
is, in the carbon ratios, arc not easil y expl ained . Bu t considering the 
lateral differences in characte r of the Cretarcous sedimen ts it rnight be 
expected that the sediments in different areas would react differently to 
such cl eform ativc stresses as may have occurred. Also, it is kn ow n that 
coal s found on anticlin es a re likel y to possess a higher carbon ratio than 
coals occurring in basi ns, and il has been p roved that near thrnst faults 
where the co mpression has been relieved by the faulting, the coals a rc 
likely to have a lower carbon ratio Lhan at so me cli:.,tance from the faulL. 
Thus, local variati ons in 1 he carbon ratios arc sugges tive of some stru ct ural 
condition t hat may have a ve ry dircc L bearing on the acc umulati on of oil 
or gas. 

Each carbon ratio in the following tabl es indicates the degree of 
metamorphism to whi ch the sediments conLainin g the coal have been 
subj ec ted. The tables , hould be used in conjunction with the already 
quoted tab le of Fuller, showing the relationships between t he carbon rat io 
and the oil and gas possibiliti es, bu t bearing in mind that Fuller's tab le 
is based on analyses of Pennsylvani a n coals, and some modification of the 
table may be necessary when dealing with Cretaceous coals. The carbon 
ratios have been calculated from the analyses of coals by the use of the 
aquation: 

Fixed carbon 
Carbon ratio = X LOO 

Fixed ca rbon + , ·o l. material 

I .\ll an, J. :\. . , und ~tan:; field, E.; Bu!I. Can. lnis t. or ~l in. and ~rct., p, 402 (Apri l, 1925) . 
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carbon 
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Carbon 
ratio 

In t his area t he carbon rat ios are ap proachin g the poin t 1rhr re the 
occmTr nce of oil would be considered cl ou btful. 
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COA L SP UR AHIDA (2) 

M in. J\t oi:-;tur c matter 

5 10·8 9·8 
.5 8 8 10 ·0 
;; 7 3 10·2 
,5 ll ·!J 9· 7 
5 7 0 10 ·2 

Yo!. 
matter 

33.9 
35·G 
:l3·.\ 
32 0 
30·4 

Fixed 
r·nr ho n 

4;;.5 
-15·G 
-19· l 
-IH·.\ 
52·.\ 

C':trbon 
ratio 

.57. :i 
M · l 
59.;, 
59·2 
63·3 

The carbon ratios of 56 · l a n cl 57 · 3, in t his area, indicate a degree of 
metamorphism favourable fo r oil and gas, provided st ruct ural an d other 
co nditi ons arc also favourab le. The Imperial Oil Company recently 
aban doned a deep test in township '19, range 2) , wi t hou t finding oil or gas 
in commercial quan t iti cs, although a number of small gas flows were 
encountered. 

H angc 

SAUNDlmS AREA (3) 

_\j in . 
1nattcr 

\"ol. 
matter 

Vixcd 
earbon 

Carbon 
rat io 

-----------------------1------ --------

40 . 5 9·3 10·0 32·7 -18·0 59·5 

PINCHER AillcA (6) 

Range Mor. ~ I oisturo ~ I in. \"ol. l'' ixNI Carbon 
mat( er rna tte r carbon rat io 

Township 

------- --------

JO .. - - - . . - - .. - 2 5 6·9 10 ·2 3-1-3 48-6 58-6 
7 . 2 5 5.9 10 ·2 35-:l 47·3 57·2 
7 .... . - . - ... 2 5 4-5 J0 -5 2.\-IJ 60--1 71-0 

1 Nu mber of th e coal area , in Figure 1. 
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F igure 1. Index map showin!!: local ion of co::d a rea' in Alberta. 
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A markrcl cli,·c rgcncc is not icrable 111 towm;hip 7, range 2. The 
\\"i ll ow C' rrek Oils, Limited , drilled a wrll in to,rnship 8 , rnngc 2, to a 
depth of J ,686 fert , and a 11·c ll in town ship 9, ra nge 2, to a depth of 1,385 fret. 
These 11·c ll s arc hardl>· clerp rnough to he C'onsiclrrrcl a fair tes t of the area. 
In view of the :lirnormal l.\' high ratio in township 7, range 2, struct u ral 
det a il s should he careful ly s tudied. The Twin Butte 11·e ll s of the Xorth­
west C'ornpany arr farthei· southe:1s t , ;{o . 1 being in tp . .+ ,range 30, \\T. 4th 
mer. , clrillrcl to 2,780 feet, :wd No. 2 in tp. 3, range 29 , \\" .4th mer. , drilled 
1 o 4,392 feet. The result s of d ril Ii ng were negatin. 

2 . 
J 

T o wn ...; hip 

:.\IAGHATll AREA (7) 

\ "o\. 
mat tcr 

The carbon rat ios indica te a clegrrc of metamorphism fn.Yourabl c for 
oil and gas , proYiclecl struelural and other C'Onditions arc also favo urahk. 

L E Tll lllll D(;E ATIEA (8) 

T owns h ip Hangc Mer. i\loi s t urc ~Win. 

JO . 22 4 10 ·0 9 9 
9 22 4 9.9 9.9 
9 . .. .... . . . . 21 + IO ·:i O·O 
7. 2l + 10.:3 !) 9 

rnatl<'r 

3:i·O 
:)4 . 7 
:{-l·(i 
3;; g 

Fi xed 
c-arl>on 

4;;. l 
45· 5 
·Li · 0 
.i:l·!J 

Car lion 
rat io 

.if>· :3 
;}fj- 7 
:)() . :j 

.5.5·0 

:'>Iclamorphism indicated h>· the carbon ratios is favomahlr fo r the 
format ion of oil a nd gas. The city of Lrthhridgc drill ed a well in township 
8 , range 2 1, to a depth of 2,200 feet. The well was abandoned. The ( :ro­
logi cal Nmvey has rcecn t ly C'omplctcd a st r:tl igraphic and st rudu ral st udy 
of southern Albrrta , in cludin g this arra. \\ 'ell-defined st rnct m cs should he 
favomable locations for dril lin g tests. 

:i. 
3 . 
2 . 

'T'own;.; Jiip 

..... . .. . .. 16 
II 
16 

:.\! I LK TIIVEH AREA (9) 

1\foi.'t Ul'C 
.\J in. 

mnttcr ~ I P I' . 

4 1:J . . 1 9.5 
4 20· I 8·8 
4 1:J .. 1. U·fi 

Yo l. 
m at tl'r 

:J I . :j 
29·0 
:l l ·O 

FixPd 
carbon 

4.;. 6 
42· I 
·JU I 

Carbo n 
ra tio 

;;9. 1 
.50·2 
59·8 

The carbon ratios arc rather high to be indicative of a favourahle 
degree of metamorphism for oil, though perhaps n ot for gas . No other 
coal analyses arc available and it is possib le carbon ratios for other parts of 
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t he area might be lower. The Foremost gas-field in township 5, ranges 
10 and 11 , occurs within Milk River coal area, as does t he Rogers Imperial 
well in township 1, range 11 , in which a very large volum e of gas and a 
few "shows" of oil were obtained . It may, t herefore, be of some significance 
t hat the carbon ratios are more favourable for dry gas t han for oil. 

Town:;h ip Range 

9 . ....... .. . 5 
8. ··········· 8 
8. 4 
8 .. 3 
7 . 2 
2 . 6 

PAhOWKI ARJ<JA (10) 

Mer. Moisture 

4 29·4 
4 2-1. 6 
4 32 9 
4 37 ·5 
4 :33·0 
4 22·5 

~i in . 
1natter 

7 ·8 
8·3 
7-4 
6· 9 
7.4 
8 ·5 

Yol. 
matter 

29· 2 
28·9 
29·4 
28 ·5 
28·8 
29·6 

F ixed 
carbon 

33·6 
33·2 
30·3 
27. l 
:l0· 8 
39.4 

Carbon 
rat io 

53· 5 
56·9 
50·7 
48· 7 
51. 7 
57 · l 

These carbon ratios1 a re very favourable for the formation of oil and 
gas. The Sanctuary Oil Company clri ll ccl a well to a depth of 2,845 feet 
in township 5, range 8. Gas is reported to have been found at a number 
of hori zons, t he total fl ow being a bout 50,000 cubic feet. One oi l show 
occurred at 2,725 feet. Stru ct m cs suitable for oi l and p;as accuinulati on 
wou le! be considered favourable locations fo r test \re l ls. 

'!'ABER AREA. (11) 

T ownsh ip Hangc i\f er. M · t I Min. Vol. Fixed Carbon 
1 ois urc n1attcr matter carbon ratio 

10 . 17 4 J.l ·8 9.4 32·4 43·4 .57. 2 
10 . · ····· · · · ····· l fi 4 l ii·8 9.3 :) I · 7 43· 2 57. 7 
9 16 .. 14 ·8 9 4 3 1. · l -14 .7 59·0 
9. I:) 4 18 .. ~ 9·0 :io-5 -12·0 57 ·9 
8 ...... . .. .. .. 10 .. 2 1·7 8 G 20 9 39· 8 57 · l 

The Bow Island gas-fi eld li es within t his area , the presence of p;as 
being in acco rd with predictions t hat would be made on t he bases of the 
carbon ratio theory . Recently the Imperial Oil Com pany made a deep test 
of the Bow Island s tructure a nd a n oil sand was encoun tered . The carbon 
ratios arc favo mable for oil , bu t the oil was heavy instead of ligh t , as 1Yo uld 
be predicted on t he basis of t he F ull er table. The limi tations of the appli­
cation of the Fuller table to Cretaceous oi ls should be recalled. 

R.EDCLIFF AHEA (12) 

Town::-ihip Han µ;c Mer. "\l . l Nlin. Yo\. 
· OJ:-:i urc rnattf'r rnaUer 

Fixed Carbon 
rarbon rat io 

J:l. 6 26 ·2 8· I 2fi·9 :l8·R 59 ·0 

I Since the 'J ri ginal pu! lication of thiR article• on ··Carbon Hatios" in tlw lhillct n of the Canadian Instituic of 
?\lining and .\lctallurgv, the D e\·cnis h well in sec. 27, t}. 5, range 1·1. \\'. 4th mer., has cn eou ntcrcd a corn mcrcinl 
flow of oil. l twil l be notc ,J thaL this well is consi.!erahly north of th e area br whit h the carbon rati os arc given 
here. 
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The )fcclicinc Hat-H ecl cliff a rea, whi ch has produced a large volume 
of gas, occm s in townships 12 a nd 13, ranges 5 a nd 6. T oo mu ch reli ance 
should not be pl aced on t he onl y analysis avail abl e, sin ce local variation s 
might occur , but it is perhaps signifi cant that t he carbon ra ti o is such 
that although gas would be predi cted , the carbon ratio is approac hing the 
limi t where oil would not be expect ed . Hec:cntl y two deep tests have 
been made in t he M edicine Hat area, but the we! Is, Roth No," 1 and 2, have 
been abandoned so fa r as oi l is concerned . 

Town~hip Hanµ;e 

17 . 17 

BROOKS AREA (13) 

:\fo r . ::lfoiolu rc 

l7· G 

~l i n. 
mattC'r 

9· l 

\ ' ol. 
m atter 

31 ·7 

Fixed 
ear hon 

-ll·G 

( ' a r hon 
ratio 

5G· 7 

Th e carbon rntio shown by the a nalysis incli catrs an a rea favom ablc 
for oil and gas, provided st ru ctural and other conditions a rc a lso favour­
able. The \\·ells drill ed within the area arc as follows: Brooks, two well s, 
one of which gave a sma ll flmy of gas; Cassels, one \\·ell reported as 1,000 
feet drcp in which a small amount of µ;a s \\·as found ; Alderson, onr well 
wi t h a sma ll flo w of gas at· 1,155 fee t; Suffield , one well reported as 1,200 
feet derp, which gn"'c :c show of gas. No information is at prese nt a"'ail­
ablc regarding the relat ion of an~' 'Yell to local structme a nd a ll well <; a rc 
sha llow a nd not to be co nsidered as tests of the oil possibili Lics . 

\YA1KWlllGHT AHEA ( 15) 

Tp. Han"c l\ lcr. i\l oi, t urc ) !in . \ 'o lat il c J<i xcd ( 'arh o n 
rn a 1lc r mat ter carbon rat io 

.l(i -l 13. 2 G·9 (a ,'1 1) :1.s .:1 H·() .5:). 8 
8 ·.5 10 ·0 (a ,'11 ) :>9· l -12·-l 52·01 

4ii G .j .19. I' 

Thr ca rbon ratios i ndi ca tr fa vou rabl c mr t a rn orphi sm for oi I and gas. 
Gas has been found in srvcral local fo lds within thi s area and oil in com­
mercial quantities occurs in the Batll e Hi ve r-\\'a, inwrigh l anticlin e. The 
occu 1Tr nces of oil and gas a rc , therefore, in accord 'ri t h predict ions that 
wou ld be mad e on the basis of th r carbon mt io thro ry, a lthough li ght oil 
might he expect ed in stead of heavy oi l as found. Heasom; suggest ive of 
this depart ure frou1 preclidions regarding quali ty of lhc oi l have already 
been cliscusscd. 

1 :-;outh of I rma in a well at a dept It of 11 0 fl'<'l. 

:! From :\o. ;$ H Hr iti ... h l 'L'lroleurns \\t•ll, fr<•tn 2,20f' to 2,:? l (i fl'<'\; :1\c ra<..?;r of fiYC' :1na l.\ ·.~e:'>. 
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PAKA~ AH.EA (16) 

Tp. :.\ler. :.\loi :-;t un• ) I in. 
matter 

Yol. 
matter 

Fix Pel 
c·a r bon 

Carbon 
ratio 

1'or1h :--:.a;-;kat('h0w:1n 1 i\·cr, 
1war ) l .\ rt!<..• <'l'eek1. 

1:3. 1 
11 ·8 

7·1 (:i,;h) 
!)· 2 (as l1) 

33 .7 
:J-1· 1 

- ------------ - ----_____ , _____ ------ ---
Kort\ 1 ~:t.'-'k:it< · IH•wan rin_•r, 

near .Pakan 1• 

1:1-0 
12· G 
l I ·9 

:,. 2 (ash) 
:j. 7 
0·6 

:14 · I 
:34 · G 
36·4 

47· I 
47 · I 
4-5·0 

fi8·0 
r,7. 7 
55· 3 

1 ,-..;:1 111pl<'."' of c·o:1I fro n1 out crop:- ('oJ\pf·t pd h-'· (;. ~ ·1 furn <' :111'1 :m:tly~e I h:• Fuel Testing D i\·i.~ion . .\f ine• Brunch. 

Th rsr (':t rho n rat im; a rr fani urahk fo r oil a nd gas if othrr co ndi t ions 
arc a lso fayo ura bl c. T he Yi <:to ri a 11T ll , d ril lrcl at a clrpt h or I ,870 fr('( on 
sc•c . 12, Ip. 58 , ra nge 17, \\-. -t i h lllC'I' . , obtained a small fl ow of gas at seYcral 
h o ri zo ns. T h e s tru ct ure at t iii8 \r e ll is 11 ol knom1 lo be p;uf iC" ul a rly r~l\·o ur­
ahle for o il o r gas :t.('(' umul a ti on. 

P loKJ 8 KO AHEA (5) 

I 19 
:w 

I :JG 

I ~0 
I 2() 

I :2 

T p. 

19 

19 

;) 

19 4 

.'i 

5 

I 

1n 4 .'i 
20 :l :i 
?Q ;) 
i 8 2 :i 

Five 111iil's up Nor t h J-'ork H igh wood rin· r 
7 I 22 I 3 .'i 

. \ sh 

O· .'i3 19·93 

0 69 6·2 1 

2· :iO 4 ·98 
2· I (\ 6· 77 
:)-08 :J·O.'i 
8·0 JO · l 
7·(i 10· 2 
(i· 12 12·08 
:i i(j 5·9G 

\ ·o lalilc Fixed ( ·:nbon 
rnat ter c·a rhon ratio 

20·G8 fi·l·.'; .'i I~ I 

K oot Pnay coal 
19·98 7:l· 12 I 78·.'i 

Kool(•na_\· f'O:li 

:).1· 88 :i(i. (i4 (ii ·2 
34.5;; .11H2 (ii .g 
:l!).:l7 :i-1 · :i() ii8 I 
:)5·0 ·IG g :)7. 3 
:lfi· I -17 I .'i7 ·3 
:11 ·!l2 4!l·88 (i() 9 
:n.9 1 ii6·:37 62·4 

1 I )m, ltn~ . I) . I{ : ; 'f'o:t l F ields of .\ l :rnitoh:1, ~:1...;k:1 t <·LC'\\·an, A lhert [I, and E:1~t ern Brit i~·d1 C'olurn bia "; Uc"'Jl. 
;-;u n · , C' :1 n:1da, .\h"ll. 5:! ( 1!1 11 ) . 

Tu rnr r Ya ll ry oi I- a nd gas-rirld is in t ps. 19 an d 20 , rnngrs 2 an d 3, 
\V. 51 h m r r . Th e carbon rat ios fro m tps . 18 and 20 , ra nge 2, a rc favo m able 
fo r oil an d gas , as is a lso th e C"a. r bo n rat io fr om to1rnsh ip 20, ra ngr 3. To 
t hr 1r<'sf , in to1rnship 19, ranges 4 and 5, t he carbon ratios becom e pro­
g ressive I.'· hi gh er to11·ard th r wes l , l hal is in t h e di rret ion lo 11«trcl t he 
rn ounl a in s 11·he re metamorphi s m would be ex peckcl to he morr se1·e re. 
Thu ,_, 0 11 th e carbon ra ti o theory, 11 0 oil o r gas would hr rx 1wctcd in tow n­
ship 19 frolll rnn gr 4 west wnrd . Thi s a rra li es wi thin t h e " disturbed belt." 
In thi s co nn exion i t should be rc 111 c111bered t he ca rbon rnl ios a ppl y o nl y 
to th e C' rrlaccous a nd n. mu (' h hi ghe r cl rg rre of metamorphi sm 1rnuld be 
exprc t·rcl in strata of late P a la;ozo ic age, whi ch is pre8um ab i.'' th e age of 
t he lowr r d olomi tic h ori zo n prod uct i ve in H oyali tc No . 4 well in T urn er 
val lc .1' . Oi I of 50 to 60 degrees Baumc h as been fo un d in I be Cretaceo us 
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in a number of 11·ell s a nd t hi s gra,de of oil is in acco rd \1·ith what \YOuld be 
preclictecl according to the metamorphism indi cated by the carbon ratio for 
oi l that originated in lhc Cretaceous. The fact that light oil is found in the 
Cretaceous in Turner vallc~· , \1·hcrcas heavy oil is found in the Cretaceous 
rit other places under a degree of metamorphism slightly less than in 
Turn er vall ey, might suppor t l he co n ten ti on that the Cretaceous oi 1 in 
Turner valley is a migratory product from depth, in which case it might 
be expected to be light regarcl lr ss of the degree of metamorphism of the 
Cretaceous itself. On lhr other hand , it is possible there may be a relation­
ship between the oil and the slrncturc, brcausc there seems no reaso n to 
assume oil could not htwc originated in the Cretaceo us in Turner valley 
regardless of whrit occurs at depth. 

:-:.cc . T • p. H a nge 

1 7 23 5 

1 19 25 

:\10RLEY AREA ( 4) 

?Iler. ~ I oitit urc 

9·3 

] . 26 

5 5·0 

Ash 

13·38 

8·84 

7·07 

\ " olat il e Fixed Carbon 
rnattcr carbon rat io 

3;)·.'i9 41 ·72 53·96 

41· 30 48·60 54·0.'i 

52· 10 35· 20 40·32 

I Dmd int!; , n H.: ' ·Con\ F1ekb of .\fanit oh:t, ~a :;k :1tC'hcw:rn, . \l hcrta, and F. :.i6 Jern Brd..lsh Co lumbia''; Cicol. 
Sun·., Cariada, J[e111. 5:{ ( 1014 ) . 

The carbon ratio of the coal from Jumpingpouncl creek (T ower's 
mine) on to\rnship 25, range 4, is so very lmr that it should be checked by 
anot her analYsis. The other two carbon ratios are fayourabl c for t he 
occurren ce o(oil. The Signal Hill and Cherokee Oil Cornpanies arc drill ing 
in to \\·nship 23 , range 5, and the lrnpcria l Oil Compan:'-' is clrilling in town­
ship 25, range 5. ::\o result s a re yet available. 

Sec. Tp. Range 

53 

53 4 

EDMONTON COALS 

PE:\rnINA AREA (18) 

:\ l er. :. l o isl urc 

5 

19 · l 

2 1· 9 

:.rin. Vo l. Fixed 
matter nrntte r carbon 

8 ·9 

8·6 

27. 5 

27 ·7 41· 8 

Car bon 
ralio 

61 ·8 

GO· I 

The carbon ratios in this area a re so high that t he occu rrence of gas 
in quantity is improbable and oil prospects are negative. 

4685 1-3 



Sec. Tp. 

5.1 
r.,5 
53 

17 5:i 
118 :;:J 
1Hiver lot 22. 
10 :i3 

1Lol 17 5:3 
ll'ecs 13 

2-1," 2.1 ' 55 

ltange 
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E ff\IO)l'f'O N AREJA (19) 

)for. )fin. 
m atte r 

Yo!. 
1natter 

Fixed 
carbon 

Cnrhon 
ratio 

1----1-----·- ---- ----- ------------

25 4 2.5·5 8·2 28· 0 38.:l 57. 7 
z+ .; 26·3 8· I 26·9 38·7 59·0 
23 ·I 25 ·2 8·2 27 ·8 38·8 .58·3 
n 4 18· 9 9 3 2G·G 45· 2 62·9 
23 4 17. (i 8· 0 27·8 4fHi G2·G 

18. 9 S·S 30· G 4 l ·7 ,57. 7 
2-1 4 __ , v. of two a n:tlyses ... .58. 7 
2.( ·l . \ .v. of:-;cycn a nal.\·sc:::. 57 ·3 

25 .( .\ v. of seven a naly:::;cs. ........ .. 56·-I 

'St~111:-;fil· ld. E .. and ::\icholb, J. JT. H .: " .\n:ily !.:.t~ of C'trnadian Fucb''; }i_in05 Brnneh, Drpt. of :\ linp..; 
Cawda, Bull. 25 (1918 ). 

The hro cLnalyscs in whi ch the carbon rat io is oYc r GO were made from 
coals from Clover Bar a rea. Ko expla nation for t hese hi gh carbon rati os 
is apparent. The remainder of the coals a nalysed eamc fro m the Edmonton 
a nd Canli ff-Namao a reas in whic h the carbon ratios indi e:i tc favo m a bl c 
metamorphism for the formation of oil. As t his area lies wi thin th e 
sLrn clu ra l trough of Alberta the oil and gas hori zons kn own fro rn other 
parts of Alberta would be at a de pth th a t would prohibi t dri lli ng even if 
t here were local a nt iclin al stru cture of suffi cient m eri t to wnrranl drilling. 
It is possible, however , in this great t hi ekncss of sediments the re may be 
oi l an d gas hori zo ns \Yhi eh arc a t pre cnt unkn own, hut in Yie 11· of the fact 
thaL lhc upper sedim ents arc non-marin e the condi tion s may not he good. 

Tp. ~lc r. 

CA:\IROSE AREA (21) 

?ll oi,; tur c I Min . 
lll:Ll !C l' 

Y o!. 
n1attcr 

Fixed 
carbo n 

Carbo n 
ratio 

--------- ------------------1-----1-----·----

48 

48 

48 

46 

20 

JD 

JS 

20 

4 

.j, 

.( 

4 

27·0 

2G· 6 

25·0 

25·-1 

7·0 

8·0 

8 ·3 

8·2 

28·4 

29· l 

28·+ 

28·4 

36· 7 

3G·3 

38·6 

38·0 

!i6· ·l 

5.5·.) 

57·2 

57. 2 

These carbon ratios are favo urabl e for the formation of oil and gas. 
In a well drilled to a dept h of 1,235 feet, by the town of C'am rosc, on sec . 
2, tp. 47, range 20 , a flow of gas of approxim ately 150,000 cubic feet a day 
is reported t o have been obt ained. The local stru ct ure is unknown , as is the 
exact ho ri zo n from whi ch the gas came. 
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CASTOR AREA (23) 
-

Sec. 
rr own-

Hange l\Icr. Moisture Min . Vol. Fixed Carbon 
ship matte r matLer carbon ratio 

43 20 4 23·4 8·4 20·5 38· 7 56·7 
H JG 4 26·4 8· 1 27·5 38· 0 58·0 
40 lG 4 25·5 8·2 28 6 37-4 56· 7 
39 15 4 27·4 8·0 28·2 36 ·4 56·3 

38 14 4 29·3 7 ·8 28·3 34·G 5.5. 0 
40 15 4 25·8 8· 2 28·G 37. 4 .50. 7 
39 l6 4 2.5·8 8·2 28·0 38 ·0 57·6 
37 H 4 29·2 7·8 28· l 3-1·9 55-4 

13-1 37 14 4 .A vcragc of two analyses 56·0 

1 Stansfi eld, E ., nncl :\ icholb, J. ] [. ] I.: 1 '. \ n:.1.lyso::; of Canadian Fuol:;"; "\ f incs Branch , Dept . of :\lin e~ , Ca n­
ada, Bull . 25 (1~ 18) . 

The carbon ratios arc within the limi ts where oil and gas are fo rm ccl. 
In a well dri lled to a depth of 1,455 feet by t he town of Castor a small flow 
of gas was reported. The local st ru ct ure is unknO\\·n. 

AR DLlcY AREA (2-1-) 

T ownshi p Tlange l\f e r. l\ [o isture Min. Vol. Fixed Car hon 
ma1.lc r matte r earbon ratio 

38 2:3 -1 20· I 8 8 '27 .7 43--1 GI · 1 

Th e high carbo n ratio of thi s analys is is indicat ive of metamorphism 
prohibi tive fo r oil and gas. 

BTG VALLEY AREA (25) 

Townshi p Range j\[ er. Moistu re Ji i in. \ 'o l. 
n1aL1 cr m atter 

35 20 4 21-7 8- G 28·8 
3-1. 22 4 18 ·8 8· 9 27- 4 
3-1 2 1 4 19·7 8·8 28· 5 

Gas and oil prospects in this a rea arc not good. 

Sec. 

'14 
122 
136 
112 
I 14 

'r own­
ship 

33 
3:3 
31 
29 
31 
31 
31 
3:3 
33 

Ha nge 

23 
21 
24 
23 
24 
24 
24 
23 
23 

CARBON AREA (26) 

Mer. 

4 
4 
4 
4 
4 
4 
4 
4 
4 

Moisture 

17- 8 
19-.5 
17 ·3 
16-5 
14- 3 
13-8 
14 ·5 
15·3 
15 ·4 

Min. 
matte r 

9-0 
8-9 
9 · I 
9·2 

8·4 (ash) 
6- 1 " 

8 ·2 
8· 6 
8·5 

Vol. 
matter 

27·5 
29.9 
27. 6 
30·3 
28· 5 
31-.5 
29·0 
27-9 
28- 1 

Fixed 
carbon 

40-9 
4-1·9 
43· 0 

Fixed 
carbon 

45· 7 
41·7 
46·0 
44·0 
48· 8 
48·6 
48·0 
48·2 
48·0 

Carbon 
ratio 

58 7 
62· I 
60·2 

Carbon 
ratio 

62- 4 
58-2 
62·5 
59·2 
63. I 
60·7 
62- 9 
63·3 
63· I 

1 St,an~field, E., and Sieholl:-; , J. H. l L: ".\naly .:: c.; of Ca nadi an Fuel.~ " ; .:\l ine..., Braneh, D ept. of ,\l ines , Can· 
a da , Bull. 2.i (19 18). 

'JG85 1- 31 



28 

The carbon ratios are almost uniform!~, so high t hat prospects for oil 
a nd gas are negat ive . 

S H EERKESS AlllCA (27) 

Sec. Town- H::uw:c :Iler. M o isture 
CIT in. \ -0 1. Fixed Carbon 

ship matter matter carbon ratio 

'1 8 29 14 4 21 ·2 9 4 ash 29 2 40·2 57·9 
112 29 13 4 20 0 4.7 " 29 3 46·0 6 1· 1 
119 29 H -! 20·8 .5· 8 3 1 ·0 42·-l 57 ·8 

1 :-it :rn . .:fiC'ld. F . , and :\°i('hc ll :-; , J. ] I . H.: ;'1'nal~' . .:-cs of Cairnclian Fucl.-5 ' '.\lines Hr:tnch, Dept of .\ l ine;., Can-
a da , Hull. 25 (1!)18 ). 

T he carbon ratios arc in concl usive as regards oil and gas prospects. 

DRUMJIELLEll AREA (28) 

Sec . T own- R ange M e r. l\foistur e 
M in. Vol. Fixed Car h o n 

s hip matte r matter carbon ratio 

l 29 20 4 18 ·7 9·0 30· I -12· 2 58·4 
1 23 20 -! 17 ·8 9·0 3 1· 1 .J2· J ;)7. 5 
1 23 19 4 18·7 9·0 30 5 .J l ·8 57 .7 
l 27 18 4 20·9 8 7 28·9 41 ·5 59·0 
2 28 19 4 19· 6 8 ·9 29 · 1 42·-l 59·3 
·'> 29 20 4 19·7 8·8 29·2 .+2 3 59·2 
,5 28 J9 4 I !Hi 8 9 28· 7 42 8 .59· 8 
7 29 20 4 18. 5 9·0 29· l 43·-l 59·8 

In a rough way these car bon ratios show a n inc rease with depth . 
.Alt hough t he carbon ratios show metamor phism not prohibiti ve fo r oil a nd 
gas occurren ce provicl ecl loca l strn cture is fayo urnb le, t he approach of 
the 10\\'Cl' scams to a carbon ratio of 60 indicates rather doub tf ul pros-
pee ts. 

'l'OFI ELD AHEA (20) 

c.• T own- R.ang0 C.Icr. ' fo ist urc 
:l!in. Y o\. FixC'd C'arho1' 

' >€C. s h ip rnatl<'t· matt.c•r car bon ratio 

EO lD 4 27 ·6 8 ·0 27 · G 36 8 57 · 1 
w J9 4 28 ·5 7 .g 27·-l :rn.2 ;)6·9 

120 .. rn rn 4 15·9 ;).() 34 3 4+·2 fi6·3 
126 .. EO J9 4 11·7 6·9 36 7 4-l· 7 .'i4 · 9 
126 .. EO 19 4 17·0 ii·G 34· 2 4;3.2 ,55.3 
120. rn 19 4 16· 8 7 ·2 32·.f 43·6 57 ·4 
126. ro 19 4 12· 7 11 ·9 33 · 2 42· 2 .56·0 
135. [O 19 4 ];) ·8 G·7 32· 4 4;) · 1 ;)8·2 

1 St:rn:;ficld, E . , an<l I\icholl:i, J. JL H.: "'.-\n:ily:::c cs of Canadia n Fuels"; ~lines 13ranch, Dept. of ~ l ine . ..;, C'an­
acla, Bull. 25. 

Th e metamorphism indicated by t he carbon ratio is favo urable for 
oil and gas, provided strnctural and other conditions are also favo urable. 
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PB.\CE lllVER AREA 

Cl! oistu r·c C.fin. Yo!. Fix('d C'arbon 
mattc•r matter C'arbon rat io 

lfrarl rin~' r. 11(':11' the town of 
P<'ace Hi\'N'. 14·2 13·9 28·9 43·0 59·8 

Pim· ri\"('r, .5 miles above lOWC'I' 
fork ;-;:! .. 2·45 I :i · 10 33. 76 48·G9 .jg. t 

Pin(' ri \·C' r , Coal broo k. ?' _, milc•s 
cacl of forb2 .. 7 .g::; .5· 87 3.+·2l 52 ·09 60 ·-1 

1 ·39 44·12 23 · 1 I 31 .:JS .57 · G 
Pi m• riY{_' I', <':t:-<t fork:! .. I· 70 4·H l:l· 76 50· 10 5;3.4 
::.:1noky ri,·er. !) rnil0~ bclo"· Li tt](' 

:--:mnky ri\·pr '.!. 11 ·.52 4· 18 :J-1 ·83 49.47 .58· 7 
1\f<'Learn, F. H.: "Peace Hiver Scdion, All><·rta"; Geo!. Sun·., Canada, Sum. H<•pl. t917, 

pt. ('. p. 21. 
' Dow linµ-. D. B.: "C'oal Fields of 1\fanit ol1a, Saskat"11cwan, Alberta, and E '."lern British 

C'olurnhi:t"; (;C'ol. Sun·., Canada, C\fpm . 3.'i (191 4). 

Although t h ese carbon ratios ar c not prohibitive for oi l and gas over 
most of thi s a rea , it is s urpri sing to find such a high ratio from H eart ri ve r 
from the P eace River fo rmation . Oil of very heavy quality has been found 
in small quantit.>· in a number of \\-e ll s drill ed on Peace ri ver , but most of 
t he;;c a rc at some distance down the river from the town. The Peace 
Hiver P et rol e um s, Limited , Ko. 1 well , 1Yas drill ed close to Peace H.i ver 
tow11 on H lot 9, sec . 31 , tp. 83, range 21, \V. 5 t h m e r. Bo t h oil and gas 
sh ows were e ncoun te red. The Poucc-Coupe 11·ell of the J\orthwcRt 
Co1npany, drilled to a de p t h of 3 ,057 feet on sec . 26 , tp. 80 , range 13, 1vV. 
6th m e r. , enco11n terecl 10,000,000 cubic feet of gas ftt 1,675 feet. Ko oil 
was found. 

The Peace Hiver oi l is very high in sulphur and it is suggested this 
may he an indication of ac tion of su lphur on the oi l , giving h eavy oi l \\·h ere 
according to the carbon ratio th eo ry lighter oil might have been anticipalcd. 

CO::\CJXSIOJ\S 

A Slll'VC\' of a ll the carbon rat ioR in rela tion to t h o known occurrences 
of oil and g:-ls see ms to s how that predi c t-ion s regarding t he occur rence of 
oil ancl gas can be made h>' mcn,ns of the carbon rntios . This fact 
is, o f course, of primar_\· importance in prospec ting , as the pro mi;;ing a reas 
may be immediate!>' sc parnted from those of doubtful or negative value. 
In t be promising areas, fie ld sluclics to determin e Lhc locations of pof's ibl c 
favourable s tructures should be co nsidered essenti al before test wells are 
clri lice! . 

.. ~,, regard s the character of the oil, predictions based on the carbon 
ratio theor)' are not so reliable for Cretaceous oil a s, apparently, for Penn­
Rylnwian o il. Since I he character of the source mat e rial :1ffects the original 
co 1n position of the oil, it may be that the Cretaceous oils ll'cre origina ll y 
difforent from Penn s \·lvania n oi ls o r thcY nrnv have been modified su b;;e­
qu e nt to formation h;- a diffe ren t set of ('0~1cliti~ns inherent in the sediments. 
In t·his res pect then, as indicating t h e grade of oil to be ex pected, the carhon 
ratios as applied to the Pennsylvanian may not he app li cable to the 
Cretaceous, since in Lhe case of the Cretaceous of the plains of Alberta 
the carbon ratios seem to indi ca te t he presence of h eavier grades of oil 
t h an arc found in the mid-contin e nt and r\ppalnchian fi eld s of United 
St ates under approximately the same d egrees of metamorphi sm. 
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CHAPTER III 

GEOPHYSICAL METHODS FOR LOCATING OIL 

TORSION TIALAKCE 

An in strum ent of consid erable importance, clesignecl by Baron Hol a ncl 
\'on Eotvos, Professor of Physirn at the "Cniversit.v of Budapest, but 
modified and pcrfectecl t o make it applicable to specifi c problems, has been 
URe cl in recent years to find stru ctures suitabl e for oil and gas accumul at ions. 
It is a gravity measuring apparatm; which, however , cloeR not measure the 
act ual Ya lue of graYity, hu t indi cates variations du e to a deficien cy or an 
excess of mass a t any poin t where the instrum ent is usecl . 

An accounL, by Ca ptain H. Shaw a nd E. Lancaster-Jones/ describin g 
the in st rum ent and the principles governing it s opera tion , is summ nri zecl 
here. 

" The to rs ion balance is extremely si mple a nd consists o[ an horiwnta l :i, lt1 mi nium 
beam suspended by a very fine wi re .. U one 0nd of the beam a weight of go ld or platinum 
is fixed , while :i, second weight is suspended some rlistanre below the ot her en cl o[ Lhe 
bcall1. The wi re usuall y employed is platinum alloyed with 20 per cent iridium, of 0· 0-1· 
mm. diall1etcr, but smaller wires and wires of ot her rnMeri a ls have been w;ccl from time to 
time. The whole suspended s.vstcm must be adequatclv pro tected against ,1 11 kinds o f 
di sLurba nrc, and ll1is is achieved by enl' losing it completely in a double 01· treble w:illcd 
mct:tl lic l'asc, each case being the rnmlly insulall'd from t he others. The in st l'llment is 
operated in a spec i:1 1ly designed double-w:1Jlcd tent which provides add ition:tl protection 
from radiation. These prel'a11tions arc nccessrr l' ,V in Ol'der to rninirnize temperat ure changes 
and convert ion current s in the lie:tm chamli0r on acco1Lnt of t he extreme sensiLiveness of 
1.he tors ion 11·in>. One of t he main diffi l' ul tics has lieen to prepal'c 11·i rcs lrnving a constant 
equi librium position and it is of importa nce to maintain the tcmpernture as ne1tl'ly constant 
as poss ible durin g; observat ions. \\ ' it h wil'c~ such as dcse l'ihccl above, it is poss ible to 
measure va lues o[ the onkr of one-bi lli onth pal't of the total p;ravil.1" but in ordel' to 
obtain such 'tccurnr)' the wires require to he speciall.v prepared. They a l'c subjec ted to a 
baking; t rcatmcnt a nd a l'c kepi, under eonsta nt lrns ion fol' mon t hs OI' even years. 

The mil'ror mount ed on t he middle of t he beam en:tlilcs its clcflexion to he obsPl'vcd 
a nd th is mn,y eit her he l'ead h.v mea ns of a telescope 01· l'ecol'ded photogrnphil'alll'. :\leans 
a rc also provided for clamping t l1 l' beam a nd reli evin g t lw tension fl'om t he Lol'sion ll'il'c 
so t hnt it may be l 1.,u1 spol'tecl fl'Oll1 pince lo place ll'ithout J'e:u· of damage.'' 

The theor)' of the balance and its operation nre ns fo l! o,,·s : 

"Consider a light beam BC (l<'igul'c 2) to be acc uratel y balanced by the weights B 
a nd D , a nd fl'ee to rotate in an hol'izonta l pl:rne about a fine suspension wi l'e AO. It is 
well known t hat the 1Yeight of a bod)· is the force 11·it h ll'hich the earLh is :1ttrnct in g the 
bod y, and we arc accustomed to l'cgard these forC'es at neigh homi ng points as being parallel 
to eac h other. This, holl'evc r, is on !~' an approximation to t he (l'uth , fo1· in real ity t he 
forces of the ca l' th's grnvitat ional attraction at point s on ly a small dista nce apart are not 
abso lu te ly parallel. lf, fol' conve nience, 11·e co n ~ icler t he earth's gmvitatio n,d force on B 
to be l'C}J l'CSentccl by a verti c:t l line BF t he corresponding force on the we ight D w ill not be 
parnllcl to l3F liut will he inclined ver)' s liµ;ht ly to that direc tion , say a long DJ •; , In t he 
illust rnLion this inclination is considerab ly cxaggrrnlcd in order t hat it may be c learly 
represented in the drawing. This grnv itat ion:il force DE may be resolved in to th l'ee 
mutually perpendicular direct ions, giving forces P , Q, a nd H , the last named being parallel 

1 Sli:iw, IT., and T.anca st Pr- ./onc.~, E.: ''The E0tY6.s Tor~ion B nl:rneo and Its .\pplication to U1P l .ocation of 
~fincrnls"; .\Jin. Mag., YO!. a2, .'\o. I , p. 18 (1H25 ) . 
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to BF. Of the other two components P is t he force parallel to the direction of the beam , 
but Q is perpendicular to t he direct ion of the beam a nd tends to rotate t he whole beam 
system about t he suspension wire AO . The wire AO t hus becomes twisted , un t il eventually 
a posit ion of equilibrium is reached, when t he to rque clue to the minute force Q is just 
balanced by t he to r~ i o nal fo rce of t he wire AO. The beam thus comes to rest in a definite 
posit ion wh ich can be ascerta ined by t he reflect ion of a scale in t he mirror carried at the 
middle of t he beam. The whole beam system is now rotated into a different az imuth and 
t he observation repeated . F rom observat ions of the equ il ibrium positio n of the beam in 
li ve different az imu ths the variation of t be gravity at that station can be calculated. " 

B 

F 

E 

Figure 2 . Skrtrh to ill ustrnle the pri nciple of the EolY6S lor" ion 
lialarwe. (F rom Tlw Mining \faga1,i110, 1·ol. 32, No. I, page 10.) 

To onrcomc the difficulty of taking reaclingR in five different posit ion R, 
Ei'>tYos cons trucl ccl a clouhl c-annrd torsion habncc (Sec Figure 3) which in 
reality is a combination of two in struments mounted on one pedestal a nd 
in 11·hich the arm s a rc set in o pposite directions. \Yith t hi s in strument 
obse rva tions arr made in t hree positions . Sin ce the eonst rn et ion of this 
inst rument vari ous irupron'rn ent s h:wc IJecn mad e, b ut th e prin cipl es of 
operation ar c t he sa me. 
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In a paper by I-Ici lancl 1 1hc m ethods for t he di scovery of rnincrnl 
deposit s arc outlined. Since the torsion lm lancc is ve ry sensitive topo­
graphic irrcgularit ics \rithin a certain radius have to be ta ken into ac·c·o unt. 
lt is o n pronounced sensiti v it y ·( hat the va lue of the in st rument depends 
and in t he Gulf C'oast·a l P lai n of Louisiana, Texas, an d :\[cxico, the in st ru­
ments have been used with what mu st IJC' co nsidered remarkab le succrss. 
Th r conditio rrn und er which oil occurs in t he GuH Coastal Pl:tin arc 
diffe rent from a nything so fa r known in Canada, in t hat the oil occ urs 
on the flanks of sa lt dom e st ruct ures \Yh ich arc in rn a ny cases ac res in 
extent . On the edges of t he s:tlt domes, which co nt a in salt , g~· psu m , 
a nhydri te, C'lc. , the sediments a rc upturn ed against t he sa lt dome 111ass 
and it is in thc,.;c upturned heels as well as in the cap rock of clolo111itc 
Lhat oil occurs. 

The application of the to rsion ba lan ce in t hese areas is clircctccl tcmarrl 
finding the salL dom es. So me o f these had a topographi c expression whi ch 
led to t he disc·oYC'rY of oi l, hut in other cases \\·herr thrrr is no surface 
evidence of a d o111r and in fart \rhcrr 1 hr dom e may be buried at sonic 
clrpth belo w OYC' rl y in g sedi ments , t he torsion balance ]~as been used surcrss­
fully to locate t he salt cl o n1 es . Th e sa lL in the domes has a lmn'r sprcific 
gravity than the surrounding sediments , \rhrrras thr ca p roc k is heavie r 
t han the seclimrnt s an cl it is by determining 1 hrse variations in gnwit~· t hn,t 
t he torsion balance has proved valu ab le. I t ic: "·orthy o f note 1.haL in t hese 
cases t he differences in speeifi e gra:vit.v a rc d ue to the salt dome mass and 
it is the presence of the salt dome t hat is recorded h~' 111 cnsurcrne nls \1·i th 
i he torsion bnlnncr , alt hough in some in s tances the discovery of oi l h ns 
followed because the oi l occ urs on the flanks of the sa il domes. 

It iR cla i111 ed by ex pon ents o f the to rsion balance that it can also be 
used for the detect ion of faults where t he re is eve n o nl~' slight diffe rences 
in speci fi c gravity of 1. hc sedimen ts on t he two sid r B of the fault -pl a ne. 
Th ere a rc la rge oil-fieldB in Tcxn s and :\[ex ico a long fa ul t -lin es and it m::i..1· 
hr possibl e to app ly the torsion balance to thr seareh for further firlds of 
t hi s t .1·pe. 

Th r torsion bal an ce can a lso br usrcl rffcctively whrrc :i fold or an ti­
clin e has a co re of hcav)' matrria l, the in st rument nicasuring thr diffr rr nec 
in gravity be t \1·ccn t he heavy core a nd the fl anking sedim en ts . Such 
conditions nrr fo und in the easr of igneou s intrusions \Yilh which in er rtain 
instances oil is a ssociated in :\[exico. A.l"o , it is unclcn.; toocl t hat in K an :::as 
t hr torsion balance is app li eablc to the location of fo ld s in con nrx ion with 
1lw buried Xchama rnount·ain s which have a granitic core ovrrl ;i,in by 
Pala:ozoic a ncl late r sedim ent s . The foldrrl attitude of the s trata lyi ng on 
t hese buried mountains has been asc ribed to differenti al sett lin g, the 
minimum eorn paC'l ion occurring over thr crn tral co rr and t he ninxi 111um 
in the thicker sedi ments away from il. r\ppare ntl>· the amoun t of eorn ­
prrssion is proportional to t he 'might of the OYr rlying sed iment s and 
consequen t ly t he a mount of folding is greate r at clrp t h t h;i, n at the surface . 
A.ccording to P o11·crs2 t he m axi mum known rr lirf of the niountnins is 
11+oO feet in about 4~ 111il rs , \rhich is cq ui1'a lent to abo ut 4 degrees dip. 
In general , ho\1·cvcr, the clips a rc some\Ylrnt less . 

1 lJ pi\:rnd, ( ' .. \. : ·· 1 n~tru11 e~1t:- and :\fet hod .... [o r thC' T>i:-c·O \ 'C'f.'" o f l -~('ful .\f inl'r:d i)p1y1.;it:-;"; l·: nl!;. :rnd .\! in . 
. lou r . Pre~"·'"', vol. 121 . .\"0 . '2 i.J:-n .. H-'.:6 ) . 

2 ]1owcr.;:., ;..: . : "H eflcf"tPd Buried I/ ill. .. :111d T heir Jmport ~1 , 1 ce in Pctro lrum Geo lo~y"; Ee. G eo!. , YO!. 17, p. 
239 (1!122) . 
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dark-slide driving gea r 
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1'" ~11ro 3. Secti ona l YiO\\' of .A ; kani a-\\'crke t ors ion b a laneo . (Publi sh NI by permission 
o f As kani:t \\'o rk o.) 
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It is kn o 11·n that there arc Precambria n knobs protrucling through 
P a lmozoic scdimen ts in La ke Rt. :H ar tin cl ist ri ct bet w0cn Ja kes \\'i nni peg 
and ::\[anitoha , and buried knobs of a simil a r t:vpe possibly oee ur a long the 
casLcrn edge of the Pal a;ozo ics in the ::\Ian itoba lo11·lands and in north-
0astern 8a:;k:ltc hc11·an. Prior to the deposit ion of th0 Pal ~0ozo ies , Lhc 
Precambrian surface hacl a r0li c f 1ll casurnblc in hundreds of feet and it 
rn igh t· r0aso11ably be assum ed that cl i ffcrcntial sc ttl i ng of th e Palmozoics 
above a nd on the flanks of Precambrian knobs and ridges would produce a 
ecrtn,i11 a mou11t of doming. On accou nt of the limited knowledge of con­
dition s it is impossibl e at prcse nL Lo say whether these domes would he of 
s u ffi eicn t 1ll ag ni t udc to cause o il an cl gas a ecu Ill u lat ions \\'it hi n oi 1-bea ri ng 
Pal a:ozoie o r later sediment s. It is thought , hom'YCr, thaL these buried 
k11 01Js a nd riclp;cs of Precambrian rocks cou ld be d e tected by the use of a 
torsio11 balance, a11c1 such pl aecs would be the most likcl>· to eo1itain oil 
and gas in porous horizons at depths i11 a reg ion 11·hcrc it is kuo11·n that t he 
gcncml att itude of the st rata is al most horizonta l. 

There a re a number of fa ctors whieh make the torsion balance difficult 
of appli cat ion. Si11ce the instrnment is so se nsitive the rcadi11gs obtained 
from iL mu st he co rrected for dcfl cx ion s du e to topogrnph>" The instru-
111 c11t , t hr rdorc, ean on l>· be operated by a speci:tlly t rai11 cd new of 1ll cn 
a nd the result s should be interp reted b.1· a gcophysist. Al so, it is cx pcclrd 
so 11H' <·0111p li calions will be introduced h y a cover of g l:teial drift sueh as 
tha t \\'hich on t he plain s of C':wada in places has a considcrnhlr hut va riabl e 
thi ek11esi'i a nd is heterogeneous in (' h:uad cr. Although expo nen ts of the 
tors io n balan('e claim that a cover of glacial drift docs not 111 akc in sm­
m ounlab lc diffi culti es i t is thought the resu lts obtai nable might possibly 
be 111 o re subj ect lo e rror than in un glaciatcd areas. 

REff\l\[()(; LL -\PI-I 

The seism ograph is a n in s trnn1enl to regi s ter and record earth t remors 
clue to ca rt hq uake shoe k::: . The instrument, howeve r, has bee n adapted lo 
the sL ucl y of geological st rn ctures and its application has provccl effective 
in lornt ing sa lt domes in the Cull' Coastal Plain. A violl'nL expl osion is 
se t off at some di st ance fro111 th e in st rum'.' n t and lhc 1nwcs transmitted 
1 hrough the earth arc record ed on the in st rnm cnt. Tn the ease of salt domes 
it is und erstood the ml.Yes travel lhrnugh the salt abo u t three ti mes as 
q uiekly ai'i through t he smrounding sedime nts . Hen ce , if a sail dome 
occu rs bet \\·ee n the point of ex pl osio n a nd the instrument, t he presence of 
the salt dome becomes c,-id cnt 11·hcn the rate of tran smiss ion of t he \Ya Yes 
is calc ul ated . 

. \ s pointed out b>- Rtiga nd in "O ullin rs of the Oecmrencc a nd Geology 
of P c t roku m ," hes id es the wa \'CS that l rn Ye ! through the :li r and are weak 
there a re three path s of tran smission through the ca rLh from the point of 
ex plosio n to th e in s trn111enL: ( L) " a long the smfaee through t h e looser 
de posits ; (2) a long the limit i'i of the lat ter against the d ense r rock , from 
whi('h ddl eclcd wa1·cs originate and can he rel'Ord ccl ; and (:3) through the 
d eeper rocks ." The surfa(' e mwc is weak, 1rhcrcas "the route through the 
border plane of lhc unde rl>·ing st rat a and frnm it lo the surface is longest. 
If, ho1rc\'c r , the cli s~:w cc of t lw rccci,·iug sLat ion is cho<;c n far enough from 
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ih e se nding one, th e \r:wcs rnnning a long the underl ying s lra (a will reach 
the receiving s lat ion first. The g reate r the di s tance along which this raLio 
prevail s, the thi cker the loose r upper laye r will prove to be." 

\\"here sha les and sands a rc underl a in b>· cl en~e lim esto nes, the Jime­
fi1ones " ·ill a ct as a hi gh ve loc ity m edium and hen ce from the diffc re nccfi in 
t he rate of t rnnsmi ssion , data be co me antil a bl c for t hc interpretation of 
t hc underground s tru ct ure b» calculat in g the clcpth to the high velocity 
heel s. 

YETITICAL A~D IIOHIZOl\TAL FIELD BALA~CES 

H has been point ed ou t " that a m ass of oil-impregnated roek surround­
ed by simil a r s trat a impregn a ted with \rntcr might be detected by p lott in g 
the density of t he m agnet ic field , notin g cspt' ciall y the ve rti ca l co mponent. 
. .-\n oil-beari ng area must ncccssa ril>' he a poo re r co nductor than a \\"<t (cr­
lJearing area and thu s the cl ensit>· of th e lllngnrti c fi eld should dencase 
over an oil-fi e lei . " 1 It should be rem embered , howeY <' r, t hat other con­
dition s tha n a n oil-bearing a rea \\·ill giYe praC'I icall>· the 1-3a 111 c result s, si nce 
a sa lt bod y is a lso lcss conducti ve than a wal er st ratum nncl it rn ~1,y be 
ll <'<'<'ssary to use· a cornhina (io n of geophys ical m eth ods bcfm e a <·o rrcct 
interpreta ti on is posr:; ibl c . 

. \ s stated by Ilcilancl ,2 in a magnel ie sun·e.v " hro ro 1n poncn( in(cnsi­
t ics a rc usua l 1.,. rccognized , the hori zo ntal a nd the Ye rt ieal. The cl ired ion 
of t hc hori r.o n t a l in tcnsi t >' forms a n ang le 1ri t h (he astronorn ical 1n c ridi a n 
a nd t hi s is known as declin a ti on. " For gc ncral purposes it is "suffieienL to 
m easure th e hori zo nta l a nd ve rtica l in te nsit y" a nd for t hi ,; purpose in sl rn­
rn en! s known as th e Yerti ea l a nd H orizo nt al Field H:dan ees have bee n 
des ign ed. 

1 Cunnin gham C'rai!! . E . 11 .: Hull .\m .. \ ..;~-of PP trnk·um C:c-ol. , \·ol. 9, );"o. 1. p. !Wi. 
~ l lPibnd. C . . \ .: ·· Jn..;trullll'llt ..- :ind .'\fp1Jiotl ."" fo r the D i:-.to\·pry of l ',-dul .\ l inprnl DC'pn.-it .s " ; Fn!!. and .\fin . 

Jour. Prc:-o~, nJ I. 121 , :\o. 2 dan. H, Hi26) . 
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C HAPTE H IY 

PHYSIOGRAPHY AND STRATIGRAPHICAL GEOLOGY 
OF THE GREAT PLAINS 

PHYSTOG lL-\PIIY 

The Cr0at P la ins of 11·este rn C'ana cl :t l ie bet " ·0en t he Canadi a n Shi eld 
Oil 1 h 0 e:u-;1 a nd the Cord i lie ra il rn o un Lai ns on t he west (8 ee " The Geolop;y 
a nd Econ om i(' :\[i n0ra ls of Canada," h.v C. A. Young, Econom ic Ceo logy 
SC' ri 0s ?\o. 1, fo r ma ps a nd lo nge r description ) . Th0.1' exlen d fro m t h e 
Inte rnat io nal B oundary to tlw Arct ic oc·0an and includ e par t o f :\Ianitoba, 
111t1c·h of ~~askatche\\·an , n0n rl.v a ll of A II)(' r t a , a nor! heas tern pad of 
Briti sh C'o lt1111bi a , a nd a la rg0 pa rt o f :'\[a(' kenzi e Hi w r basin ill ~orth 
\ \ ' C'S I T e rri to ri es. A lo ng t hC'i r eas tern bo rd e r th e (;re at Pl a in s 0i t h0r 
rn e rg0 int o lh e Canadian :-lhi0ld o r e lse lhere is a suclcl e n drop of a fe \\· 
sc·orc fee t. Along their \\·este rn ma rgin , in A lb0rt a, they a rc s0 pa ra t0d 
fro m t hr 111 o u n la in s proper by th <' na rrow be It of th r fo o th ill s, bu l fa r t h er 
n orth, in :\fockC'llzie Hi ve r bas in , t he plaill s s ha rply a but agains t the 
wcslr rn edg0 o f t he Cordill era. 

Th e C: rea t P lains region consists of a numbe r of ph ,Ys iogrnph ic sub­
prov i llC'<'S. A lo ng the soul hr rn pa rt o f 1 hr rast bo rd r r li c's lhe :\fa nitoba 
lo wl a ncl with an ave rage e levat ion o f abo u t 800 feet abovr sea-lcv0 l. The 
\\·es t C'dge of the lo\\·la ncl is a n eas twa rcl-fa eing esertrpme nt wh ich fo rms 
tlw ras t rdg<' of the Albe rt a u pland . Drainage channels from ! he .\l berta 
upland di 1·icle t he esearpm e n t in to sev0 ra l pl a,teau a r0as known r0sp0d i vr l ~· 
as P0m hin a, Hiding, Duck, anr\ P orl'upin e mo t•ntains, a nd P a;;q ui a hill s, 
lh e summi ts of \\·hi eh rise' 500 to L,000 fC'C't a bove t he :\Ia nit oha lo\\· la ncl . 
The Al\)('rta upland on t ho w ho le r ises grncluall.v fr om its easte rn edg0 to 
il s weste rn limi t al lh e foot hill s of t h r Ho C' ky mountains , r is in g fr ~J r n ~rn 
c irl'ftl ion of lrss t han 1,500 frC'l to m o re than 4,000 feel . It s northnn 
edge is a \\·e ll -defi ned , norLh\\·ard-fac ing esearpment OYer loo kin g t h0 :\fac­
k r nzie lo wla nd. In its so uthe rn pa rt t he Alberta upl a nd is di vided in t wo 
b~' the rashrnrd-facing escarpm0nt. o f :\Iisso uri co teau , \\·hi ch , according 
to Hose, 1 fo rm s t he east0 rn bounda ry of the \\~oo cl :\[ountain-\\'illo"·hunch 
pl ateau \\·hi C' h ri s0s 200 to 800 fret a\Jo1·e the prai rie le v0!. On t he \\·eslern 
s ic! C' of \\'ood mounta in lh 0n' is a clese0nt eq ua l to lhe escarpment o n the 
0astC'rn sicl r . To t he \\'est. pa rtly in .r\lherla but m a inl.1· in Saskatchewan, 
li e ( ' .1·press hill s , a plateau ris ing sewral huncl1Tcl feel a bo1·0 th0 prairi C' ll'VC' l 
a nd like 1 h0 \\' ood :\fou nta in pl a tea u re presen ting a n e ros io n r0m na nt. 

The :'\fark0n;1, ie lo\\· land ex l0nd s n o rth fro m the esca r p n1 C' n l of lh e 
Allw rt a upl a nd , t·o 1hc Arel'ie rrg io n. ll 

" Com mC' n<·C's in Lhc lo ll'e r pa r t of Pear·C' ri vC' r and the extrcme ll'est·0rn C'nd of lake 
Alh:1h:1s ka , wlw1ice it extends as a na rrow hand down t he va ll e.\· o f :-ihLvc river l o C:reat 
:-i la ve lak e . Jt s ea ste rn border here as ll'Cii as no rl h of C:re:Lt :-i lavc lake is t he border of the 
. (Canadian i-i h ield ) . It emli rac·es the basin of t he west ern end of C:re:tt 
SiavP lake :u1d conti nues cloll'n t he valley of :.\l ackem ic ri ver to l he .\reti e coast . 

l"H o:-:C', H .: "\\'ood ".\ !o:rn ta in-\Yi lbwbunch C oal .\r ;._'a , Saskat-:: he\\·an"; G eo !. ~lir\· .. ('ana·la , :\Jc:11 81', p. 13 
( In IU) . 
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its ll"C'Stern (border being) i\Iaekenz ir mounl :tins and the escarpment of the P eel plat.cau 
~orth of ~ahanni river, howcV!' I', t he long n:uTow ridge of l•' rnnklin moun tains 

d ivid rs the lowland into two parts by scparnti ng a st rip 20 to 80 miles in ll"idth , through 
\\·hiC"h the i\[ a('kcnz ie fl oll"s, from t he ma in port,ion of the lowla nd ly ing in the d rn inagc 
basin of C:rcat B ra r lake' Rising above the general level of I.he lowl :tnd are :t 
nu1nhrr of hills and m ountain ranges va1·_,·ing in hPight from a few hundred feet to abo u t 
4,000 fee( . 1-iuC"h rangrs :i re: I [om mountain, nort hwest of P rov idence; Franklin mount­
a ins, between the i\Iackcnzic and C:rr at Uea r la kf'; Grizz ly Bear mountai n and 1-iC'cnled 
C:rass hill s on tlw shorrs of C:rmt Bea r lake; Hcindcc r hill s, cast of the delta; :rncl a num-
hN of ot her short, ra nges or isolated hill s. " 1 

P ee l pl ateau, 11·hi ch bonlc rs the :'11ackenzic lo1rland on tlw north11·est, 

' · J·:x tends sout h and \\·est on e ither sid e of P0rl ri ve r up to the base of 
the i\[ackcnzie mounta in s On tlw north s ide, the P er l pl:Ltc'au forms :rn 
ahrnpt esC'a rpnw nt overlook ing t he low land and ri ses grnd u:d l.v until it stands about 1,:300 
feet, above the ~ca. lt s s11rfac·e is apparent !_,. fl at, but is in rcalit v m:tdl' 11p of sevl' 1"1i long 
undu lat ions Peel river C'11ts :t val le.'· in the plateau , ranging from 700 to 1,000 
feet deep.'" 

STHATIGHAPHY 

\Yithin the Great Plains region there is a 11·i cl e diversit,1· in lhe age of 
lhc rocks re presented. The range is shown in lhc following table : 

Recent and Pleistocene .... i\Iostl,· unconsolidated depos ib c·o11'ist ing of boulder clay, graYc l, and 
sand . 

Tertiary .. . . . . . . . . . . . In eentra l .\lberta south o f :\o rth R'"'k:tt<"hcwan ri,·er a larµ;c area 
is <·overcd b~· the Paskapoo formation rcprps0n1cd in sou1hwcstcrn 
:\lhcrta hy the \\'i llow ('reek and P on·upinc llil ls fo rma tions. In 
sou thern :---:askat<·licwan and 1\lanit oba. 0ros ion remnant;-; of T ertiarv 
beds forlll (',.-press hills, \\'ood j\ Jou 11tain-\\' illowhu11('h :tl'('CC, a n·d 
Turt le mountain. Jn ~fac·kcnzic ba.-; in the Tertiary is represented 
b,v c-ontincntal dcpo::; it:-; in part of Pee l plateau and in smaller areas 
in t l1 c :'\ra<·kcnzi0 lo\\·land :s w here they lie u1u·onforr11a.bly on ( 'rct.a.­
ecous or J)c,·o nian rock;-;. 

l\ [csozo ic .. . .... .. .......... Cn1lat<'011...... \\'i t h 1 lic_ cxC'cpt ion of Lho::;c areas c·ovcrcd by T 0 rt iar,\· 
rot' ks, Cretaeeou~ depos its r·ovcr all except the northern part of Lh e 
, \ lherta plateau. East of the area l'OYC rcd by Tcrt iar.\· rocks in 
<·en1 ml :I l herta , the su rfar·c of t he plains bevels t he Crcl:w<'ous, so 
that on the whole, proµ;rc:-;sivcly older C retaceous forlllation s 
appear eastward , t h e eastern cdµ;c being t he es(':1rp 111 ent overlookini:?; 
the 1\ lan itoha lowland. C retaceous sed im ents co,·c r laq.(C a reas 
in t he C.fackcnz ie lowland s and !'eel plateau. 

J ura.-; . ..,ic and Trias.-;ic . lloC' k s of t he:-;e a.12;es out(' rop onl.v in the 
Rot'ky 111 ountains a nd foothi ll s where fault ing and foldinµ; lHl\'C 
brnuµ;ht the m to the surfac·c. They undoubtedly ex tend eastwa rd 
for some distanrc beneath the Crctaeeous and Tertiary strnla o f 
the Great Plains. 

Pal:.eozoic .. ........ ........ Carhonifcrous. R ocks of t hi s age arc known only in the H.orky mount-
a ins a nd foot h;ll s. It is a ssumed t hat t hese also, like t he .Jurass ic 
and 'T' ri a~:;ie, extend eastward:; under t h e younger :scdimcnt:s of t h e 
plains , but t h ei r ea.st ward limi t~ a rc unknown. 

J)cvunian, Silurian, und Ordo rician. These form t li e -~ [ anitoba. lo w­
land s, occu p_,. larµ;e are<1s wit hin the ?\ l aek cnzic basin, and presu 1n­
ab ly extend wcst\\·ard beneath the younger strata of Lhc plains. 
Devonian bed ~ outcrop in the -llocky rnountain s. 

Cambrian . l locks of thi s aµ;c a rc defi ni te ly known in sm a ll areas 
in the :\faC' kenz ie low lands and included mountains . They ''re 
also known in t he H.oc k y rnountain s we::.it of the pla ins. 

Precambrian.... . . The Canadian Shield is co mposed of ro cks of t h is age. 

I c~1m .,cll , Charle.:;, and .:\lalcolm, Wyatt: "The ~fackcnzi(' lli,·cr B:lsin": Gcol. .-:un·., C':trada. ~]('Ill. 108, 
p. 20 (192 1). 

2 C3mRell, Ch:irlc::i , and .:\lalcolm, \\'yatt: op. cit., p. 19. 
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The Pal::eozoic form at ions ove rl a p the Precam brian of t he Canadi an 
Shield , u nd crl ic t he \\·hole of t he ::\ Ia ni to ba lowl a nd, occupy large a reas 
wi thin t he :Mackenzie lowla nd , and arc exte nsively deve loped a mongst 
t he fo lded a nd fau lted strata of t he easte rn ranges of t he Cordill era. 
P a lmozoic he el s presum a bly everywhere underli e t he younger st ra ta of 
the C:rcat Plains. Alon g t he easte rn and northern borders of t he plain s, 
t he youngc. t di vision of the Pa lmozoic is t he D evonia n a nd it is unconfo rm­
a bl y ove rla in by Cretaceous heel s a nd , in t he ::\Iac kcnzic lowl an d, by T ert­
ia ry s trata also. The unconformit>' se pa ra tin g Lh c D evo nian a nd t he 
C retaceous, or the D evoni an a nd the T ertiary , represe nts a n exc·eeclin gly 
long in te rval of t ime, in \r hich a large a mou nt of erosion may ha\·e occuned 
in Lhc cast a nd nodh , h uL whi ch in the west was, at least in pa rt , a pe ri od 
of deposit ion, fo r t here, Carbo ni fe rous, P enn ian , Triassic, and J urass ic 
rocks a re k nom1 in the foot hill s a nd mountains. These beds we re deposited 
in seas whieh ovc rl a ppccl the old er fic di111 cnts lo the cast fo r a n unkn o1rn 
d istance. Sin ce eve rywhere, so far as k no1Yn, t he oldest C retaceous sed i­
ment;; a rc continen tal de pofiits, it is assumed t hat preceding their dcpoc:it ion 
there was a peri od dming whi ch the a rea t hat now co nst it utes the Great 
Pl a in s was above sea-level a ncl und ergo in g erosion . It is probabl e t haL 
t he sedi111 cn ts of .Ju rassie, Tri assic, and Carbo ni fc rous ages were bevel led 
during this pe riod of erosion a nd were entirely removed from th e ::\fackcn zic 
low la ncl s, if t hey were ever t here. In t he moun tain s of western Alber ta, 
hmrnvcr, t hic k deposits of these ages are prese rved and it is co nclud ed 
t hese fo rm ations have a wccl gc-li kc fo rm wi! h the thi ck pa rt of t he wecl gc 
in the 1rest a nd the t hin ecl gc aL a n unknown dis ta nce und er t he pl a in s cast 
of the foo !hills. 

Foll owing t he erosion peri od of earl y C retaceo us a nd pre-C retaceo us 
t im e, con tin en tal deposits of C retaceo us age were widely developed OYe r 
the Great Pl a ins a rea. In Lhesc sedi me nts, sands predomin ate over shales 
a nd in some a reas condi t ions 1rcrc favo urable for t he fo rm ation of coa l. 
It is not assum ed t hat Lhc Lowe r Crctaeeo us secli111 ents of Lhc pla ins a rea 
a rc C\'Cry 11·hcre exact cqui l'alcn ts, fo r it is p robabl e that the sed im ents in 
one pa rt of th e regio n represe nt only par t of the t i111 c represented b~- sedi­
n1 cnts in other pa rt s ancl t he Lower Cretaceous sedim ents of one a rea 
may be yo u ngc r or old er t han t hose of a not her a rea. r\ mong the fo rm­
ations of Lo1rer C rctaeeous age arc lhe I\.ootenay a nd Lo11·cr Bla irm orc 
of so uthwestern Al berta; t he ::\Icl\Iunay, C learwate r, and Grand 
Hapicls of Athabaska a rea; T he Loon R iver a nd P eace Hi vcr form­
ations of t he easte rn P eace Rive r area; possibly t he Bu llhead ) fo un tain 
form a ti on of the weste rn P eace Ri ver area; t he basal C retaceous sands of 
~\l[anitoba a rea, etc. In cer tain parts of ::\1ackenzie area sands an cl sha les 
wit h some co nglomera te and carryin g t hin coal scams fo rm t he oldest 
Crc lacco us sedim ents, hu t th eir age is unkn o11·n. 

The Lo1rcr Cretaceous strata a re foll owed by Upper Cretaceo us t hi ck 
shale deposits of Colorado age of predominant ly ma rine origi n, a lthough 
with Lhcm are local bodies of sands. Ove rlyin g t he Colorado a re t he 
::\fon tana format ions co nsisting of a ltem ating marin e f: halcs a nd non­
marin c, t hi ck , extensive sands a nd sha les. In Alberta non-mari ne sands of 
great t hi ckn ess co mpose t he Bell y River fo rm at ion whi ch in t he south is 
succccclcd by the marin e Bearpa w sha le ove rlain in t urn by t he extensive, 
coal-bearing fo rm at ion known as t he E dm onton . 
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In cen t ral Albert a a clisconforrnityt separates t he Edmonton from the 
overl y ing T ertiary Paskapoo formatioll which occupies a wid e area in 
southern cen tral Alberta, extending from sout h of Bow river to a :;:hort 
distance south of Alha bas ka river n orthwest of Edmonton. There a re 
a lf'o several, detached , Slll a ll c r areas of P as kapoo, one on t he m1lcrshccl 
between McLeod and At haba:::ka ri vers, a nd anothe r, la rger one north 
of Atha lin ska ri ver a nd so u t h of Lesse r Slave la ke in the vicinit-v of Swa n 
hill s . In c;o uthc rn Albert a the P aska poo is rcp rcsc ntccl by t he ·Porcupine 
Hill s an d \Y ill mY Creek formations a nd pos"ibl y an upper part of the under­
ly in g; St . :'\fary Hi vc r bccl f'. Later T erti a ry rocks cap t he C'>·p reR;.: hills of 
so uth e rn Albert a a nd Sa;.: kat chcwa n and arc represented by t he strata of 
\\"ood :\Iountain-1\"illo \\·bun ch a rea in so ut h Saskatc he \1-aJl an d in Turi le 
m ountain , :via nitoba. The;.:e areas of T crtia rv roc ks a rc e rosio n rc llln a nts 
of onC'c more cxte nsiYe a nd , probah l>·, co ntinu ous a reas in the so uthern 
Great Plains. 

H is cc rt a i n that on I.,. part of T erti a ry ti me was a period of dcposi lion 
in the Great Pl a in s arc:c a nd pri or to the Gbcial epoch a great a moun t of 
e rosion was a cco lllpli shed. l"ollo\\·ing the T erti a ry the whole of the Great 
Pl a ins \\'as glac iated. T\\·o ice-;.: lice ts were i nvoh ·ccl in this glaciatio n: 
o ne from the mount·a ins t·o lhe wco; t , kno11·11 as the C'orclilleran ice-sheet, 
whi ch , auordin g to C'oleman,2 in so uthern Alberta at least, \\·as old er than 
lhe ot her or K eewat in iC'e-shcct- frolll the nor t heast. Th e eastlr ard limi ts 
of th e Corclill cran shee t· a rc unkno\\'11 , but it probably cove red a relatively 
Sill a ! l pa rt of l he pla in s a rea. Over th e "·hole of the G rrat Pl a ins, dcposi ts 
of lioulder clay and glacial mate ri a ls were widely di st ribu ted a nd to a 
cCJ'tain exte nt caused a rearra ngcllle nt of the drain age. I-lo\\·eycr, it has 
been cl em onst ralccl that at least a number of the m a in drainage chann els 
a n tedate the ice-sheets. The a moun t of eroc;ion that has taken place 
dming a nd sin ce t he Glacial epoc h iR re l atiYc l ~· slight in c·ompari son with 
lh e eros io n that \\'as acc:o lllplished in T erti a ry ti 111 c. 

STlffCTLTRAL FEATCHES 

Th e eas tern ranges of t he Cordi ll era bega n to form in Crc tacrous 
time, a lthough the maj o r uplif t probably did not lake place until mu ch 
later in Tertiary lim e. Th e mounta in bui ldi ng; took place in an a rea \\·here 
a great thickness of sedime nts had accumulatccl a ncl the d cfo nn ation of 
these sediments in the easte rn Hocky mounta in s gan' ri se to \\·cs t\1·ard 
ti I tcd fau 1 t-b locks overt h rus t to the cast. In l he foot· hills area along the 
cast edge of the mountains, t he rocks a rc int ense ly folded a nd faulted, but 
on a nrn ch Hrnall e r scale thn,n in the mountains . In the H.oeky mounta in s, 
erosion su bseq uent to deform at ion has to a la rge exte nt r clll oved t he 
yo un ge r roc ks, leaving t he old er and ha rder P a lwozo ic roc ks exposed . In 
the less e levated foothi ll s area, e rosion has resulted in the format ion of 
e longated ridges \\·hi ch para llel the mountains. According to Stew:tr t3 

" m oc:t of the ridges have steep s lopes, in placeR as high'"" 30 degrees . The 
stee per slope is usuall y toward the cast, o\\·ing lo the westerly dips of the 

'.\llan, J . A.: "Gcolog,v of Alberta Cm• !"; Can. Ins t. of :-f in and .\ fct .. :\o. 156, p. 3:16 tA1>ril. 1925). 
'.! Colcm:1n , :\. P.: "The Drift of .\lhcrta and the Jlcla lion.:.: of the Cordi llcran and .l \:cewatin Ice Bhoct~ "; 

Ho,.,.d Soc. of Can .. HCC'. l\ ', pp. 3-13 (l!lO!l). 
3 Sl cwart, ,J. S.: "Geology of the Disturbed Belt of Southwestern Alberta"; Geo I. Snn·.1 Canada, l\l cm. 112, 

p . 12 (19 19) . 
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rocks. The difference in height of lhc ridges is clu e ma inl y to !he rclnJ ivc 
ha rdn ess or rcsishtncc of the cap pin g strata a n cl some of i he high bu tics 
arc clc:i, rl v synclinal in st ruct ure." The nrnin st reams cu l ac ross the 
para ll el ridges rega rd lrss of st rn ct ure a nd clea rl y a nteda!e the eros ion 
t h:tt deve loped the longi t udinal \'all c.n; between the ridges. 

The fo ld ing a nd fa ul t ing t hat chamdcri zc t he foothills gradually di e 
out eastward and ove r mu ch of t he plain s n.rca t he strnla depa rt from t he 
ho ri zonta l by onl.v a fc11· feel a mile. In Albert a, cast of the foothills, a 
great sy nclin e has been dcvclopccl whi ch , it is be lieved , to a large exten t 
expla in s the preserva ti on of the T cd ia r.\' rorb in ce ntral Alberta so u!h of 
Lesse r Slave lake. T o the north t hi s sy nclin al st ru cture disappears a nd 
is no t cviden t in l he Peare Ri \'c r sect ions. In so u thern Al bc r t a th is syn­
c! in c or bas in is hounded on the cast by t he proj ect ion from t he souHi of 
a n a nt iclin al area known as lhc S11·ce( Grass arch , on " ·hi ch the Ho1Y Js lan c\ 
and Forc 111 ost gas-field;; have bee n cl el'cdopcd. In central Albert a the 
easte rn edge o[ this s ~ · n c !in c is supposed lo be a lin e from :\Iisty hill s, i:;o ut h 
of l\Ionito r, in the so uth, to 11·cst of Yi king gas-field in the nor t h. \\'est 
o f thi s lin e the s trata dip in a sou tl111·estc rn direct ion into the Alberta 
s.vncline, whereas cast wa rd , a lthough the regional dip is in the samr direc­
t ion , it is mu ch more ge ntl e. Hecc nL 1rork has ~ how n that thi s rn odcrnte 
so uth 11·e~ l c rn regional dip is eon tin uous from 11·cst of \ 'iki ng to the Al hcrta­
Saskatchcwan bound ary in the vic inity o f Battle ri ver , hut on it arc super­
imposed slight local folds causin g gas and oi l accumulations in the Yikin g­
Irm a-\\" a i 111nigh t area. East of l he Al berta-Naskalchcwan b ou ncl:tr>·, 
howc,·er, the dip hccon1cs south easte rl y an d co ntinues to be so a lm ost as 
far cast as Battlcforcl , Saskalehcwan, a nd for an unkn o11·n distance so uth­
castc rl y. Th e st rn ct m e, therefore , hct11·rcn \ iki ng, .\lberta, and Batt lr­
ford, Naskalc hcwa n, is a broad a nti elin a l fold modified to so me C'XtC' nL h>' 
local folds. ~ in cc Lowe r C rctal'cous form atio ns a ppear to the cast :tt the 
edge of the )Ianiloba escarpment , it i ~ genrrnll y as:rn mrd tlmt at sou1c 
pl ace in eas te rn Naskatl' he11·a n or )Ianitoba the clip must again l'hangc 
to <L wested.'· or sou t h11·es tc rl y direl't ion , but a th innin g of th e forn 1:tt ions 
eastlrnrd mig ht obviate the nreessity of any suc h change in the direct ion 
of dip. D etail s of t he s truetme in eastern Naslrnlchcwan and )In,ni tohn, 
a re unkn o11·n, hu t in the )LL11i toba 10\Yland it is t hough t t hat a gcnC'ral 
1Ycstc rl y cl ip is possessed by the Pal rnozoic fonnnJ ions. 



() I U, Al !? 

ll 
~ tJekon 

~ ·-· ·· •- ~ - I 
U"N I I r n 

l ,, ,,. lr~J., '' :, Sur v2'.Y· a nor l, 

41 

T C D 

~ . ~ 
s: 

0:·. 
Li.J. 

Fiµ;urc 4. In<lcx rnap ~how i nµ; lo<'af ion of o i l- and ~a:-1-fiP!d:-; in .:-\lbf'ri a. 
a nd Brit i,; h Columb ia: 

1, Turne r Y >t ll c y firlcl; 2, ll a111c• Hi n·r :m•a: :;, Yi k ing gas- fie ld: -1 , i\J ecl ic· in c ll at gas­
fi .. Jd: :i , llow T, Jand ga,;-firlcl: 6, Fon•mo,;l µ;a ,;-fil'icl : i, ~ l dfurr:ty- .-\ 1h:thas k:t :tr<'a: 8 , \\"a1cr­
to n l:1kt' and (';un('ron b rook; nl J' la11H1ad n i\"('I' a rea; 10, Ea::;tc rn J_lpa.(' l ' HiYC ' I' a.n'a.; 11, 
l\"!',;(c·rn P eaf'r Hi Ycr area. 
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CHAPTEH. V 

DESCRIPTIONS OF OIL- AND GAS-FIELDS 

OIL AXD C: AS PlWSPEC'TS IX ALTIEHT. SOuTH OF THE LATI­
TCDE OF LETI-mHIDOE 

B y JI. Y. ll" i/liams 

R eference: D yer, \\"". S., and \\"i lliams, i\I. Y.: M emoir in prcpm at ion. 

l l\THODUCTTOX 

Si nee l he clcvelopme n t of l he l\:cyin-S u n burs t· o i I-field :; o f ::\[on tan a, 
in 1922, drilling hns been act ive!.\· carried on in southern Albe rta . At 
first inte rest cent red in t he v icini ty of Coutts, as it was hoped th e oi l pool 
would ex t e nd across th e ln te rn a l ional Boundar.'· from t he proven t eni to ry 
on].\· 10 mil es south . Late r , drilling was star ted just north of S weet Grass 
hill s, and n ' nC\Yed ac tivity m1s manifes t r el in the Forem ost gas-field and 
in t he wildcat \1·c ll in P akowki Lake cli s tri ('f". Th e resu lts have b ee n 
grat ify ing fro m the standpoint of gas produ ct ion, as the li'o rc 111 o:< t fi r ld 
is n o"· proYccl t o he of great valu e, a nd a n c 11· fi eld has bee n opened up by 
lhe Hogcrs-lmperia l well , with it s va rious sands having an est imated 
productio n of ahouL 50,000,000 cubi c feet o f gas a day . From the stan d­
point of oil produ ct ion th r result s a rc incon clu;;i ve, bu t en couraging r< ho11·­
ings of oil have been s trn ck in srvcral of the Lcsl well s. 

The r r gi on und r r cli scrn;s ion rxtends from t he cli s tmhrd !w it bordering 
the H o<; k_\· m oun t ni ns, to t he borde r of Saskatche11·an on the cast· ; and 
from the 49t"h parallrl nol'l hwa rcl for 48 miles. ·with nn :wr ragc east -wrst 
dirnc11 sion o[ 156 miles, the inelucl cd a rea is 7 ,488 sq uare mil es . Th e 
region falls within l he he! t of l re eless plain s . El rvat ions va,r.\" betwrrn 
2,680 fret 11·here l\Iilk: ri vr r crossrs thr boundary in to l\[ontana an d 4- ,800 
feet in Cyprrss hill ;; and 4,500 feet in the so u! hr rn d isl urbcd belt. Th r 
count r.\ ' is in genrra l a rol Ii ng pla in \\"h ich slo pes u p11·arcl to C'y prrss hi l lc-; 
in thr nor1hrasl , ffo·eel Crass hill s in thr south , t he hil ls of t he cli sturbccl 
hell in the west , and P or('upine hill s in lhc n orth\\·cst. Into t h r plain arc 
entre nched the ya] lcys of the Old ma n and :I\ [i I k Hi vcr syste ms, i ncli1cli ng 
seve ral dry coul ces whi ch scr vr cl as lrmporary drainage channrl s during 
thr mrlting of lhc co ntinental glaciers at lhe close of Pl eistocene t im r. It is 
in t he sid rs of thesr drainage channels that most of thr rock oulc rops 
oc:c ur , as r lsc " ·hc rc the Janel surface is und e rl a in by thick deposits of t ill 
uncl out\rnsh sand a nd grnvel. 

GEC\EH.AL G·EO LO GY 

H ocks of ea rl_,, T e rti a ry a nd "C"ppcr C' rrtacro m; agr und rrlie the 
Gla<·i~ll d eposits and m a.\" be classifird as in lhc fo ll o11·ing table, \\"hich a lso 
indi cates th e und erlying l:ll rata 11·hosc presence has bee n revealed by drill 
records . 



Tertiary 

l'pper C're taecous 

Lowe r C'r0ta('eou;-; 

. J ura~:; i <· ... 

Fal!.Cozoi(' .. 

T able of Formations 

P oreupine Hill s snndstone, 1.000 feet 
\ \"il lo"· Creek shale. l.000 feet 

St. Mar_,. Ri ,·e r ancl Fox Hi lls san<blone, I ,GOO to 1,800 feet 
Hea rpaw shale. 800 feet 
P ale bed "· 4:i0 feet 
Foremost beclo , -100 feet. 
l'akowki slmles. 2'10 feet 
Milk Jli ,·er sanch to1w. 200 to 300 feet 
C'o lornclo sh ale. 1.000 feet. 

K oolcnay sand stone and shale, .500 feet 

Elli s sanchtone, etc·., 200 to 260 fret 

Thcsr fo rm at ions in eludc t hrrc da rk m a ri ne sha les ly in g bc t ,Ycc n 
8andsto ne fo rm at ion8 \\'hi ch may be <·onsid r red r ote nt ia l r ese rvo irs o f oil 
a nd gac:. ln faet, gas occurs in t he Elli ::: sa ndstone, near Swcrl Crass hills, 
in sand st one len H'fl in the Colorado sh a ir at D ead H orse coul re, a nd F ore­
m o~ t ; a nd in the :\[ilk Hi ve r san dsto ne :tt M edi cin e }fa t; a nd oil occurs 
in la rgr q ua n ti t ies in 1.hc top of t he :\fadison lim rsto ne a nd t he base of 
the Elli s sands tone at K evin-Sunlrnrst, a nd in c: ma ll q ua nt ities at least m 
t he l\oo tc nay, Elli s, a nd :\Iadic:o n fo nn :t ti ons near Coutts . 

Th e ge nt le st rnet urc o f the sou the rn pla in s of Alber t<t has bee n 111 ocli ficd 
nea r t lw M o n tana line b~· t he u plif t caused IJ_,. t he in t rnsion of the igneous 
roc ks fo rmin g the CO i'(' of S \\·cct c: rass hill s . The ge neral upmtrp extends 
north in to Alberta, whe re it is not iceabl e as a st rong ph»s iographi c s lope . 

. \ fe w sma ll m inc t tc ch ·kcs and 1. \\'O sma ll stoc ks oec·ur in Al berta as 
proof of the subsurface exte nsion in to Canada of 1. he Sweet C rass igneous 
m as-;. Oi l in t hi s region ha;; doub tless hee 11 a ffected by t he ig neous in t rnsion 
and t he prese nce of la rge ga:-; aee u 111 u la t ions may \\·e ll rcprcscn t t he dist il­
la tion p rodu cts of a ncien t o il poo ls. The radi a l dy kes whi ch exte nd 10 
to 15 rnil cs from S wee t Crass hill s, may, unde r favo urable <·irr ums ta nccs, 
have brough t a bout spec ia l aee umul at ions of gas he ld hae k in it·s passage 
t h ro ugh th e roe- ks by the dy kcf' . I t wi 11 be f'cc n fro m t hrse eorn; idcrat ions 
that t li e S weet (;rass a reh rnu :;:t lw eo n:- idcrcd as n se parate p rovi nce, 
\\·hcrr eo 1Hlit ion;:; a pply t hat a rc a bn o rn rn l e lsewhere in 1-'0 u t hr rn Albe rt a. 

D rsec ndin g fro1n t he 1-\ wccl C:ra:-s u pl ift th ere is a ge nt le f't ru c·t ura l 
;;lopr cast "·an! into Saskatehc \\·an , an d a stee per slope \\'est ward into the 
deep trough fro nti ng the di st ur bed be lt of the Hoc ky mountains. Locall y 
t he " ·cstc rn :-; lope is modi fied hy ge ntl e ea:-;t- \\·est te rrace-: a nd fol ds of 
rn onocli nal nat ure. 

AHEAS OF EXPLOHA'l'I OX 

C'oulls 
\\'ithin 6 mil es rast a nd west· of C'o utt s fi ve wel ls have bee n d rilled . 

Of these, t he Heel Co ul ee " ·ell , d1·ill cd Ii>· the Ko rthwc,;t C'o rnpa n>', near 
t he 49th paralle l a nd abo ut 6 miles wcsL of the LO\rn , pen ct ralc cl t he 
i\Iadison limestone at a depth of 2,695 feet-. A ~ho 1Ying of oil of conf' idcrable 
p romise was st ru ck in t he Runbm st sa nd of t he I\:ootenay fo rm at ion at a 
depth of 2,505 fee t , bu t t hi s " ·as not developed . 
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The "Border" \Yell , 6 miles cast of C'out ts , m u; drill ed with a diam o nd 
drill and passrd through a c: ho1ring of oil at 1,875 feet in a sancl:::t·onc lrns 
in the Colorado shale, and aga in at l ,920 frl't in the top of "·hat is prob­
ab l_\' the of'f-!'horc phase of the l\:ootena.v fo rmat ion. The well wm; fi ni shcd 
in thr Eoote na_\· at a clrpth o f 2,020 frrt. 

Th e "C'ou t ts-Sweetgra$S" \Yell , si tuatrd -1- mi lcs rast of Cou lts, 1ras 
dri llrd to a dept h of 2,850 fret, \Yhich is probabl-'· 200 feet into the :\hdison 
limes tone. O il :::ho"·ings wrre reparte e! at five horizom; in the I\:ootrnay 
and J<i li f: formations between 2,840 and 2,450 feet in depth. 

'Ih r 1rcll drilled h_\· lhe lcth\Jridge Oil , Limited, about· l mil e north 
of the Coutts-~1rcrtgras;, ll' r ll , penetratrd the h"oot r nay formation at 
J ,9:30 feel a nd wa ;, finishecl al 1,98:3 fret \\'ithout r caC' hing the Ellis sa nd­
stonr. 

The l'rl m n " -e ll clrill ed just rnst of Coutts has tes ted "·hat \ms brlievccl 
m igh l prove a high e r strnd u re than that a t 1 he Hrd C'ou ler wel l. This is 
n ot the C'ase , howeve r, as the top of the C'o lorado shal es is 70 feet loll'rr 
in 1 he l Trhan \Yell than in t hr Hrd C'oulfr " ·r ll. The :\£adison linwslonr in 
th(' l'rl ia n 1rcJ] \\'aS pcnctratccl at 2,560 fC'C't in depth. ~u]phur 11·atr r lnlS 

st rnek in llw l•: lli s :;and an cl onlv :-mall amcrnnts of gas ha Ye bcrn struck 
in the ) fa di son li111rstonc , 11·h iC'h m1s pcn<'f rntrd 70 fe e t. 

Dl'ad H orse Cui/ee 

r1 he Canadian O il a nd Hrfining Compan.v·s wrll, gr nerally k11011·n as 
t lw Hogrrs-l111prrial Drad Horse C'oulfr 11·ell, is situated 2-1- miles rnsl of 
C'ou t ts and ·H 111i !cs north of l he :\Iontana bounclan·. This ire! I is on a 
c: ma ll strnet u~·c subsicliarv to the Sweet C:rass d o.me. The l \:ootena,· 
fo l'll1 alion 1rns pcnC't mt· rd a t 2 , I 00 feet- and 1 he 11-cll \\':ts finishrd in t h.e 
) i adison JinH'S[Oll(' at 2,797 fcrt. (;as \ l"aS s[rnck in Jargr C[Uanlitirs ill a 
cand~tonr lcn'i in t lw Colornclo shalr at 920 frrt, and in the Ellis sandstone 
at 2 , ;):~8 frrl , t lw total gas fl cm !icing estimated at 50,000,000 cu bi(' l'rrl 
a da .1·. T hi s wrll ha 'i 01wncd up a ne11· gas-firld on lhc Canadian "idc oft he 
f-'1rrC't C:rnc-·s a rch. 

Thr lm pr ri a l Dcacl Horse' Coulee we II is ;:i tu at rd a !Jou t ;~ mil rs no rth­
\\'('S t o f tlw Hoge rs lmprrial wrll , and cl oll'n the clip of the rncks. This 
\\" rll pcnctrnted the :\:adison lilllf'Stonr at a depth or 2,57:) frrl. The 
~unlJm;;t ;.;and at thr base of t hr I\:ootrnay formation 1rn" found lo hr 
s:lluratrd 1Yith oil , hul tlw san d 1rns 1·e r-'.' close . Hral'y black oil \rnS 

found in the C':tlcarrous ;.:a nd and ;;:andy li1n rstonr of t lw Ellis forlllation 
a nd SO l!I C t:ur~· o il \\'HS found in t hr i<;p or thr !\Indison limcsto nr . Thr 
wrll was fi11 is hed in the ;\Iadiso11 lirn cs to11c at 2,578 rert, 11·hrrc a :- ho1Y of 
oil and gas 1rns follo11· r d by :t copious flo11· of su lphm 1rnlN. 

For!'111osl (Loealit_\· 6 , Figure-!-) 

The Forrrno;.:l ga;.;-fi e ld i.· situated rro111 -1- lo 6 miles south rasL of 
Forr111ost , 11·hrrr the C'anaclia11 \\'cl"tr l'll Cas, Lig ht , IIral, an d Poirer 
C'ompa11~' havr six 11·clls in l ~ lzikom eoulrC' and on thr prnirir to lhr north. 
:-lo1ne of lhcf'<' 1rells started 1Yilh a production of L0.000.000 to 25,000,000 
eubie feet or gas a clay, and in 192-l the field was connected \\'ith the Bow 
Tslancl distributing line. The aclcl itional supply of gas has bren a boon to 
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Calgar y, Lcthbriclgc, and the other to m 1s d rawing gas from t he Bow 
I sla nd a nd neighbouring fi elds . 

The F oremos t well -; a rc from 2,070 to 2,250 feet in depth ancl ob tain 
t heir gas from sandstone lenses in the B enton shales of the Colorado form­
a tion. 

Fli 'n ; 1rn POSSlU I Ll'l'IES 

Th r fut ure possibilili rs of lhc area depend: ( I ) upon more co mpl ete 
lrs ling of 1 hr \argr a rea UiH\r r \\·h ic-11 t he :VIacliso n limes ton e may be 
rraclwd at 3,500 frrt or lrss in depth ; a nd (2) the trst in g o f" higher fo rm­
a ti ons l.'·i ng hrlow l he P ako 11·ki a nd Bra rpa w shales . 

H rcogni i in g the Foremosl-D cacl H orse Coulee region :ls potcn l i:1l h · 
a gar--fie ld, l hr re is st ill rnom lo explore t he )faclison an d Ellis fo rmat ion s 
het\\·cc n the )Iilk Hivc r ricl gc a nd Lcthbridgc . A m onocli nc in the viC" ini ty 
of Kipp co u1 6c is wo rthy of considera tion, as is a lso a not her monocliirnl 
fo ld a bout 5 lll i les so ul h of Lclhbriclgc. In Ki pp coul l'c, west o f N" cw 
D ayton , the )fadison li mer-lo nc may he expec ted a bou t 3,300 feet be low 
t he smfaee and is probab ly abo u t 300 feet lower in t he va ll e)' of Oldma n 
ri ve r 5 miles south of Lelhbridgc. Other equall y good a reas may exis t 
north of the :VIilk Hivcr ridgr a nd be twee n Lct hbridge a nd Fo remost. T he 
pos~ i hi liti es of t he Milk Hi ve r sandsto ne a nd t he Pa le beds may be t es te d 
in the nor t heas t corn er of t p. 3, range 22 , ~\\'. 4th mer. , a nd in the Mi lk 
Hi ve r valley in tps. l a nd 2, ranges 21 a nd 22, \V . .+th mer. , eas t and \\·est 
of the hig l111·ay b ridge. Thr :\facli so n lim es ton e at these locali t ic:=: is prob­
a bl ." abo u t 4 ,000 feet from lhc surface, but the fo rmctlions m enti oned 
a boYc should be penetrated betwee n 700 a nd 2,100 feet in depth. Gentl e 
d o111 es a re indi cated at boL h locat ions na med a nd the B carpa w sha le 
prov ides exce ll ent eove r fo r oil poo ls in the B e ll y Hive r beds. Whet he r or 
not t he Pakowki sha le here is rr pl aced by 8ands ton e is a matte r of co n­
ject ure. In case it is, the :\[ilk Hi ve r sands tone is no t li ke ly to rc tai11 o il 
pools; in t hi s case the bc:=:t cha nces a re at sha ll ow depth belo" · the B carpa w 
f.i ha les . 

T he P a le beds a n cl :\1i l k H ivcr sandston e a rc essen l ia l ly fr esh 1rntcr 
deposits a ncl t he hope t h aL they may contai11 o il depends upon t he poss ib ili ty 
of l he cl cf'cc nt of oil from t he o,·e rlyi ng Bcarpa w a nd P a kO\Y ki f' ha les of 
mari ne origin , or , in t he cn:-:c of the :\Iilk Hiver sand sto ne, of up\\·a rd 
migration of oi l fr om the un derl y ing Co lorado ma ri ne shale. 

There a rc sti ll possibilities of oil accumulation in sandsto ne lenses of 
t he Colorado :- ha le. P ools in such lenses a rc kn own fa rLher cast a nd so u t h 
a 11c\ t·hc ex tent a nd thickn ess of the lenses arc prnbab ly greater at Lhosc 
locali t ies which a re neare r the m oun tains a nd t he rn urcc of t he sedim en ts. 

Frnm range 22 wcsh rnrd the fo rm a tions sink into a deep s.'· ncli nc 
wh ose ax is ex tends no rf-111\·cf't-southcast thrnugh ~Woo lfo rd and P eiga n 
stat ions. Th e \YC stc rn rim rises a t the edge of t he di st mhcd belt, a nd th e 
\\·hole sy nclin e o ffe rs poor prospects for oil o r gas acc umu lat ion . 

In v iew of the sho1Yings of o il s t ru ck in D ead Horse Cou lee a nd 
Co utt s distri cLs , t here appears s ti ll to he a cha nce of findin g f:wo urahlc 
sand cond it ions for comme rcial oil occurrence. At D ead Ho rse Co ulee, 
t he ltoge rs-lm prrial \\·e ll is on the p;as, a nd the Xor tlrn·cst Co mpany 's 
well is on t he cdgc,rntcr. B el 11·een these locat ions oi l r- hould occu r a nd its 
q ua ntity will ev idently depend upon t he porosity o f t he sand. 
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MEDIC'IKE HAT, BOW ISLAl'\D , A?\D :.\fAXY ISL KD LAKE 
CAS-FIELDS, ROl:THEHX ALBEHTA 

By W. S. Dyer 

References: D ye r, W. R., and \\.i lliams, i\I. Y.: i\kmoir in preparation. 

l NTHODuCTJ ON 

Th C' Bo"· hlaml (lornlil>· 5, Figure +) and M edi ci ne H at (locality 4, 
Figure 4) gas-fields a rc thC' oldC'st a11d most important in so nthC' rn Allwrta. 
They have bC'C'n dcvelo1wd rapidly within the last fifteen years until the>· 
have rC'aC'hccl an adva11cC'd stage in <·0 111mcrrial production. 8cveml 
citi es and tom1s, inrl udi ng :'.\Icd iC'i nc H at, Taber , J .e l hbriclgC' , )Iaclcod, 
and, un ti I recently , Ca lgary,1 dcri w their gas from l hese fields. The Bow 
Island field is sit uated north\Yest of the vi llage of Bow IPland on the 
Crnwsncsl branch of the C':1nadian Pacifi c rnihn1y michrn.y heL11·een Lelh­
hrid gC' and )fC'di ein C' Hat. The )[edicin C' H at field CC' ntres ahout the cit>· 
of )Icdicinc Hat , the jnnC'I ion point of the main lin e and Llw Cro,1·sncst 
branch of the Canadian Pacific railm1y, 25 mil es \rest of t he Sask-
atchewan border. · 

C-E1\EHAL GEOLOOY 

f-'out h ~askatC'he\Yan riYcr, or the Oldman, as t he same riY C' r is known 
niJoye tlw mouth of its tributary, the B<l\\· , fl om;; in a genera l direction a 
Iii I k· nor( h of <':1st frcrn I he Hocky n1ountai 11 s, past Leth bridge, T:tber, an d 
Pow lsland, lo ~ [P dicinC' Hat. .Al ~ fed iC'ine H at its eom sC' if' deAerlC'd lo 
t hP north. Tn places the ri ,·er has C'll l dO\rn i ls Yalky lo depths of :300 fret 
and has t111coverC'd large' rock S<'d ions. ThC' rocks cxposC'd all iiC'lo11g lo 
lhC' ) Io nin11 a grnup of lhC' l'ppN CrehH'C'Olli:' syst<' n1 , and , for the rn osL 
part , to th e F orC'rn ost and P;ti c bC'ds- thc frC'sh and lmtekish walC'r portions 
of the "BC'l ly Hi1·C'r" of Dam;on. 2 ::\car I. C'I hbridgC', lHJ 11·cvC' r, large' sect ion s 
of i he marine Bcarpa\1' shales o<·<·u r. T hC' format ions u nd C' rh·i 11 g l he 
}'oremosl do not outcrop in thC' region a nd infornialion rC'garding their 
eharnder and ihicknC'ss has been obtained from borC'-holcs sunk for oil, 
gas, or walC'r . 

For111~1tio11 

F ox Il ilk .. 

l:carp:lw 

Ltie bed s .. 

ForC"rno:;t. 

Tobie of Formotio118 

Lit 11olog ical d1aracter 

(;rt'.\' and buff sand stone a nd shale, braC'kish wate r, ~00 fe('( 

Dark g rey or bl:H·k. fo osiliferous, mari ne slrnles, (i00 feet 

l'alc-f'olourcd :-:: rnd:--1. «la.\·s, and sandy c·la.\·s with frC'shwatcr foss il;-;; 
coal sean1' al the top: ·100 feel at i\fecli<·inc H at. 500 feet at 
Leth bridge 

.... :-;0 111 bre-co lou r0d sand s, r\a.•;:-\, and ::;andy days with ('Oal scam :.:; and 
fr0sh an d brackish water foss il;; :J50 feet at l\lcdieine Ha t, 5:j0 
feel at Lcthh1·idge 

J'akowki.... ... ....... ..... Dark g rey or bla~k. foss ili ferous , marine shales; 700 feet at 'fedicine 
llat, 200 feet :.L Leth b r idge 

i C:ilp::iry tiow obtnim:. 1>:irt of its supply from the Turner \';dlcy fiC'kl. 
2 D<J\\':-.On, 0 . ~ I .: ·· l{cport on the U1..-0logy of the l ~ow and Bel ly Hivcrs H cgion"; Gcol. 8urv., Cunada, HC'pt. 

of l'rog. 1882· 1884, pt. C. 
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T able of Fonnalz'o ns- C'ont inuccl 

;.;::incl,!onc or alternating """!stone and sh:il<' lwrk frcshwate"; :JO 
f('el. :it 1\rcdi<'inC' H at, 200 fee! at T:tbC'I' 

Ecnton lColo rado group).. llark-f'olou red, fo~s ili fcrou...;, 111arinc sl1ak's witl 1 s:rnd:-:.tonc band:-;; 
I .iOO fC'<'I 

Cm; has bee n ob!ain C'd in quant it-,\· fro1n hrn fonnatiom; onl y in the 
part of ;;o u!hnn A.lbC'r(a under di scu:-;siou , na111 C' h- t lw :\Iilk Hi YC' r a nd t he 
Rrnto n , and these t 11·0 f'ornrnt iorn: will arro rd ingly be described in dclail. 
The :\!il k Hivc r ;;and stonc i;;; thi ckes t in t h<' Yn llcy of )[ilk ri vC' r near !he 
Internat ional Boundar.v , where i! fo rm s prrripit o~1 s cli ffs o\·e r 200 frrt in 
heigh!, 11·ith «haradrristir caste ll ated form!'. From :\Iilk Hiw r Yall ey it 
sp rrads out o\·cr a large part of sout hern A ll w rta a nd has been prnrlrntcd 
i11 :.:cvr ra l borr-holrs. It maintai ns a thicknc'ss of 200 frrt as fa r north as 
Taber, but north, cast , a nd \1·r;;t o f ! hi ~· poi nt it becomes muC'h !hinnrr; 
a( Lc!hbridgr it is 90 frrt t hi ck , at Bo1Y l s la nd J 10 frcl, :i.t .\ld ernon 115 
frrt. .\( )Iedici nc Hat it is o nl.\· alio u t 30 frrt, a nd has cha 11 grd from a 
:::a11 dstonr to :t sa nd y shalr with t bin sand;;tonc bands. Tt is probably 
prrsrnt, 1hough ,·rr>· thi n , at :\Ian>' Island Iakr , hu t north a nd cas t of this 
locali t>· it fad rs ou t a lt ogr thr r a nd the P akoll'ki rrst s dirrrll.\· upon 1 he 
Brn ton , giving a C'Onlinuom; sr ri rs of shalrs nra rl>· 2,500 feeL in thicknr;.:;; . 
Thr :\[ilk Hivn is the gns horizon at ) Icdic in c H al. 

The Benton is a thick snies of rn ari nr shal cf' . Sancbtonc bands occ ur 
in the formation, rnan» of ll'hi eh ea rr~· gas or wa tC'I' , but the main ga"­
produ('ing ho ri zo n at Bo11· J;.:land is a sandstone hancl 35 feet th ick, 1,300 
feet be low thr :\[ilk Hi vPr. Rli ppN1 desc ribes thi s ;mnd~to n r as follows: 

" The snnclstonc in ll' h ich t he g:1s oc(· urs is medium-grained nnd lighL grc.\' in colour; 
the gra ins a rc mos tl y ll'hite or of transpa renL quartz :ind arc somC'\\·h:tt angu lar. There is 
no renwnt and the gra ins ean 1>0 C'asil.v ahr:tdC'cl h,v rubbing ll'il h the fi ngPr . Tt is very 
porous and pitted. The rock brC'aks in to th in pbt0s p:trallel lo t he heckling a nd the joint­
planes a rc covered ll'ilh :t t hin hl :te k scum or film." 

Thr most prominent s trudurnl fcat urr in southern Al berta is the 
;·hreet Cm:;~ a rC' h , a 1011-, broad dome \1·hi c: h extends sou t h\\'ard half 11·ay 
through t hr state of :\Iontana a nd nort hward fo r at least 20 miles north 
of Bow b land. The a rc:h centres a bou t Nwect Cras:; hill ;;, a se ri es of 
laeeo li t hs sihrntrd just so u th of th r fo tc rn a t ional B ounda ry. :\[an>' t hink 
1. hat the upthn1'-'ting of t hr l accol i th~ caused the a rch, but F . IL C la rkc2 

bclir\·rs that: 
" The fo lding invol ved wns probabl.\· ind uced by latera l pressure C'xcrl0d during the 

Hock.\· i\ Iountain up lift whic h r0s11l tecl in I he ovC'1·th rnst fau lts of the Front range . Off­
sett ing Lhi s pressure from t l1C' \\'Cst \\·as the influe nce of I fighwood :me! B ca rpaw mountains 
and Sll'ceL Crass hi ll s o n t he cast, causing the rocks to buck le a nd fold in to the Sweet 
Crass arch." 

An oil-field of c:onsidr r:lble importa nce has been fo und n rar K evin a nd 
Sunlrnr;;L in northern !\Iontana on a ::: rn a lln cl o rn c supcrirnpo;;cd on Lhc 
a rch, but up to the prc~c n t on ly min or ~tructme:; have brrn fo und in 
Canad a a nd no commercial pools of oil havr bee n locn,tccl. Certain of t hese 
sma ll st ructures, ho\rcvr r, ha ,·e yielded gas in quantity. 

1 !-' l ipper. S. E.: C: o~> I. Sun·., Canada , Sum. Re;>t. l9 l6, p, 133. 
:! ·' l\.e,·jn.Sunburst Oil Field, :\[ont:rna ''; Hull. .A m . A ~s. Pct. Geo!., vol. 7, p. 271 (1!)2:3 ) . 
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The northern part of the arch crosses South Saskatchewan ri ve r. It s 
broad, comparatively flat crest extends from Bow l l'land to Chin station 
on the Cr01rnnest branch of t he Crtnad ian P acifi c railwav. \ Vest of Chin 
t he rock8 dip!' we:::t,rnrcl at the rate of 35 to 40 feet a mile, into the A.lherta 
sy ncli ne, and ea:::t of Bow Island they dip casbrnrcl at rtbout the same 
rate. 1 At Medicine Hat the clip has drereased to less than 5 feet a mile 
to the cast , \rhich dip continues for many miles to the north and cast. 

Thr Bow bland fie ld is on a low dome of 50 fret closure supcrimposrd 
on the S"·cet Grass arch , but lhc :\Icdicine Hat field lies in the structurally 
low arra to the cast. 

BOW ISLAND GAS-FI ELD 

(8 ee Figure 5) 

The first \\·ell in t he Bow falrtncl gas-field was drilled by the C:inad ian 
Pacific Haihrny Com pa ny, but t he Canad ia n ·w cs te rn Natural Gas, Light , 
H eat, and Power Com pa ny have clone the major part of the deve lopment 
work. In 1911 t hey acquired t he first wrl l from the Canad ian P ac ifi c ancl 
sin ce then have completed twenty-fou r others . In additi on to t·hose o\\·nccl 
by the company there are two other well s in the field , one of them owned 
by the village of Bow h lan d , a nd the other by t he Sout hern Alberta Land 
Company. A trtbulatcd li st of the well s with locations, open fl01r measure­
m ent ::: , etc. , follows: 

Gas ff ell s in the Bow I sland Cas F ield 

Ele n1tio n D e pth Ele vation Open f1 0w , 
N o . L . S. Sec . Tp. llange abo,·c to top of of top of eubic· fee t 

s0a-Je,·e l gas ~and .i.ras sand per <la.\· 
- ----------- - --

F ee t F0e t F eet 
I. . .. . .. . . . . .. G l!i II It 2. :ioo I ,8GG 4~ ·1 8, 500. 000 
2. .... . . 15 15 It ll 2 . 27:1 1. 849 424 abandoned 
3 ... . ... 14 9 II II 2. 273 1 ,8·19 42-l i:i, 000. 000 
4 . . . . . . . . . . . . . . 3 17 l t I I 2 ' 27:i ! ,SH .\30 29. 000. 000 
5 . . . ... . . . . . . . . 9 22 11 II 2 , 270 l '867 403 abandoned 
G. . . . . . . . . . . --· 1 IG Jl It 2 , 286 1,88 1 405 -±. 200 , 000 
7 . - 8 18 ll ll 2 , 28~ 1,850 427 7 , 000, 000 
8. ... ... . . 13 18 II II 2,31-! 1 ,891 423 12. 000 , 000 
g .. .. . . . . . . 2 2-t II 12 4 14 a b:tn<loned 

10 . - 8 23 ll 12 4 t.5 a band o ned 
II _ . . . 1 7 I I 11 7 ' 300 , 000 
12 .. .. . . 1 :3 7 11 11 2 , 4G7 l , 958 409 I G, 000 , 000 
13 . ... .... . . 3 9 11 tl 2 , 52l 18, 000. 000 
14 . ... . .. . · · ·· · I I II 12 2 , 548 2, 100 H S 7, 000 , 000 
15 . . . . . . . 13 12 II 12 2 , 58t 2 , 170 411 4,000,000 
JG . - .\ 4 ll 11 2 , 554 2 ' 13-1 420 abandoner! 
17 - . . . . .. . . . . I 25 ll t 2 2 .. 59-t 2. 207 387 nbancloncd 
18 . ...... .. . . . . . .\ l 1 1 12 2. tiG3 2.230 433 a bando ned 
19. J6 25 10 12 2.53l 2. 07fi 455 3 .000.000 
20 . . .. .. . .... l (i 30 10 11 2.5!i0 2. 100 .J50 aba ndone d 
2l . . . . . . . . . . . l 30 10 II 2 , 564 2 . 127 437 aba ndoned 
22 . 14 3 t JO ll 2 ' 544 2. 100 .j-J-t I , ~00 , 000 
23 . . . . . . . . . 16 17 It II 2. 396 I , 98 1 .Jl5 2 , :JOO , 000 
2G . ···· ·· · ··· · · · 15 33 10 Jl 2. 559 abandoned 
27 . ... .. . .. ,[ 20 l.l IL 2 , 49G 2 , 092 40.J I , 300 , 00 0 
28 .. 12 .. ll II 2 , 275 7 , 000 , 000 
29. - g 2·l It 12 12. 000, 000 

28= Yi llage of How Island \\"Cl! ; 29 = So uLliern , \Jbc1ta Land Company we ll. 

1 Th e to p of t he l\f ilk Hi\·cr ::i t Bow Jsl~nd is 1,900 feet abo ve ~ca - l c \·c l ~ind a t. H e<lcliff th e sam e horiz-::m is 
1,200 feet abO\'C ~ca · IC\·cl. 



'Well s Nos . 4 , 13, and 12 have the rern a rlrnblc open fl o11·s of 29 ,000 ,000, 
18,000 ,000, a nd 16,000 ,000 cubi c feet a cl ay , respectively . The ave rage 
well measures from 7,000,000 to 12,000,000 cubic fee t ; tho lo1Ycst , ~o ·. 
22 a nd 27 , measure 1,300,000 cubic feet . The to ta l ope n fl ow capacity of 
t ho fie ld at its maximum was beh 1·een 150,000 ,000 a nd 175,000,000 cu bic 
feet a day- a mu ch higher fig ure tha n fo r )[edicin e Hat. This fi gure has, 
ho weYer, ck· crease cl great ly in the last fe 1r yea rs. T ho origin al rock p ressure 
mts liet1rec 11 700 a nd 800 pound s a squa re in ch , bu t b.v 1923 had dec lin ed 
to 2 10 pounds. In co n ncxi on 1Yi th tho figures of th o t otal capac ity o l" t ho 
fi e ld i t i,; in te res ting to note, a cco rding to J\Ir. I-I. B. P earson, Genera l 
S upe rin tc ncle n( of t he Gas C'o mpa n ~·t , t ha t 

··T he rap:teit.v of the lJow I sla nd-Calgary p ipe-li ne is 39,000,000 cubic feet :t da:\" . 
T he averngP amount of gas used h.v Ca lga ry is 10,000,000 cub ic feet a da,-. The maxim um 
a mount 8Uppl ied to Ca lga ry 1rns 37,000,000 r ub ie fl'et a day d uri ng t he cold weathe r of 
J a nuary, HlJ.J .. T he lowes t a moun t s11ppl ied was .t ,000,000 rn b ic fcPL in o ne d r1y ." 

5ou lh 

R . 12 
Geolo g ic.al S ur ve , Canada. 

P. 
I-

11 . 11 

Figure 5. Bow fa land gas- fie ld ; st ruet ure co ntours represent top of t h e 
ga.s 8:-tnd ; num bc rs dc:-i ignatc th e wclb as giv('n in t he tab le, page 48 . 

X o out crops of roc k occur in t he imm edi ate Yicinity of tho fi e ld. As 
a lread y st ated tho gas occ urs in a porous sand <> t one bane! 35 feet thi ck , in 
t ho Ben to n sha le;:: a bout 1,300 feet belo11· t he ba;::c of t ho )\[ilk Hi vcr . a nd­
s tonc. Tho stru ct- ure of the fi e ld i ~ represe nted in Figure 5 whi ch i;:: hasecl 
o n the da ta give n in th o preceding table. Tha t the irregular-shaped dome 
wi th a clos ure of on 1» 50 fccL has been la rge enough t o hold t he la rgo 
qua ntit» of gas ob tain ed in tho fi e ld is :;urpri s ing. Undou btedl y the reason 
is t hat the small dome is si t u a led on t ho crest of the S weet Grass arch . 

1 :K cw:-;papcr intcn ·iew, H.llG. 
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The exte nt of t he fi eld is not known exac tly, bu t is pro bab ly not mu ch 
la rge r tha n the dom e shown on Figmc 5. The field h as passed it s ze ni th 
a nd is now ra piclly declining. Edgewate r has a ppeared in ::;cvcrnl o f t he 
well ;-;, whi ch haYe, consequent ly , been abancloned . 

Other f't ru et ures of a simil ar charac te r occ ur not fa r away from B o w 
I sland . T he F oremost gas- fie ld, 30 mi le's sou t h of B o \\" Isl a nd, is probab ly 
o n f' uch a st ru ct ure, as \\·e ll al' the rniall fi e ld near B a rn11·c ll 40 mil es 11·est 
of Dow bland. E igh t we ll s were drill ed in the latte r fic lcl , h ut onl .v one 
st ru ck a profi table How of g;ts. Th e gas m nd is mu ch th e sam e as at B ow 
frl an cl a nd Fo remost, i .e ., a sandstone band near the lmse of the B enton 
shale,,. 

:\rnD LCJ"!'\E H AT G.\8- Fl"ELD 

(See Figm e 6) 

Attent ion \\"as fi rst directed to t he gas poss ibiliti ec:; of :\Iecli cine H at 
area by the seepages of gas in ~ou t h Ra" knte hc11·an ri l'C'r; thcsc arc made 
evident by :1 con t inuorn; st ream of bu bb le;; J'i :-:iug to t he "urface of 1 he 
\Yater . T he fi rst 11·ell s were dri I led in ] 90 1, but pc net rntccl on 1.\· to a ;.;ha llow 
gas s:wd 700 feet dee p , from 11·hich :1 Yc r,v ;.; ma ll produ c-l io n \\"a'3 ob ta in cd. 
111 1908 the Ca nadi a n P ac ifi c Ha ilway Co mpany drilled to 1,000 feet a nd 
penrtrntccl t he 2\l ilk Ri ver sa nd sto ne whi (' h has proved the p rincipal gas 
hor izon in t he fie ld. Fro m that time on, a ll we ll s have bee n clrill ed to t he 
deeper hol' izon and the "hall ow 1wll :-: ha1·c bee n abnndo ncd. T hc fo ll ow­
ing tahlc ecnta ins a list of the 11·ells dri lled in :\ [cclicinc Hat, 1r it h data 
conc·ern1 ng cpen fl o1Y 111C'ns1 11 ·c' n1e nh, dPpt h of' t he ga ~ f'and, cl<'. 

);°:tml' of W(:ll 

.\f:tin !'-t. 

.\rmor.v . .. . 
llosary .... . 
l~:tlmor:il .. 
l ~lec t rit Pk111t. . 
Cr:ift.. 

i ,....;_ lndust ri: tl . 
8 \r. Tndu . .:; tr i:d 
!I :-itl'll:1 .. 

10 Jl :1 rgrriY<' 
11 C'ouRins vn~I · Si ~.:00 11 ~:. 
12 Central park . 
13 . \ laplc ~L. 
J<I Powell . . .. . 
15 lf uckvale . .. 

l li Big Chief .. ..... 
J7 Ogilvie . . 
18 .\Lari borough 
J!l \ \'ellington ...... 
20 C. 1>. I ~. So. I. . 
21 C .P . lt. So. 2 .... 
22 C.P.R. '\o.3 .... 
23 Pur111al. . ............ 

Cos ll' e/18 in Jiedicine fla t ria8-Field 

~CC'. Tp . HangP 

:--:\\'. :ll 12 
:\E. ;lJ 12 
:\I\'. :J2 12 
:--i\V. :iz 12 
.'\ \V. :J.5 12 
i'i\\ '. 3b 12 
XI\. 18 12 
:\E 22 12 
1':5\\'. 28 12 
'\II'. 3 1 12 
>:1c. 25 12 
:\\\'. :JO 12 
X I\' . 2H 12 
SE . :JO 12 
SK 
corner G J:l 

:-; i~. 
12 

30 12 
SI\'. 30 12 
~I\'. 28 12 
i:iE. ;JI 12 
f\E. 31 12 
SK 36 12 
.'\\\ ' . 28 12 

1-:JC',·a­
t ion 

i'l'l'l 
.tbO\"C 

sN'l-h•\·t• I 

2,202·!15 
2. 115·05 
2. 1:12 ·G5 
2.128·!!.5 
2. IG7 · 75 
2. I 18· 15 
2.:H5·!15 
z.:H2·82 
2. 1-17 ·65 
2. IG5·65 
2. 2()!1·4! 
:L 262 ·87 
2. l:l\ .;i5 
2. i::rn-55 

2, :J31i·5:J 
2, t:J:l·55 
2. 1:n ·lo 
2. 151·65 
2. Ii\ ·05 
2. li8·65 
2. li9·5·1 
2,236·9 

I l-:!l'\"l-J)('pd1 lion 
to :llilk 

}I. ilk lli \"l• r 
J{j,·p r s:1 nd.510ne 

.... ·1n <_l...;t on(' abon· 
~C' :t - ll'\' l'l 

J.' f'C'l Feet 

.. 
!105 1,224 

0 18 I. 2:l0 
1.0!14 1. 25:{ 
1,065 I . 2-l7 ·82 

9:18 I. 209 ·li5 

I. 075 I , 19•1 
l ,Q:JO I , 2:!2 ·8i 

.. 

.. 

1,080 .l , 250·53 

90·1 1,233· 16 
U15 1. 2:lG·G5 
975 1. l91i·05 

!liO . i: :io!i 5·i 
9i9 J.25i·98 

Ooen 
flow 

(',1h. ft. 
per day 

2.225.000 

.\nnrox. 
tlti('

0

k1H'::->'i 
of 

.\!ilk 
H.in·r 

!';:t rnl stonc 

Fet•t 

'"00"l 2.000 000 .. . .. . 
2.500.000 85'!'? 
4 .000,000 .......... 
:J.2G·l.000 .\bo11L10 
2 . :rno. ooo :i5 
2. l00 .000 05 
2.500.000 30 
2.500.000 
2.800.000 
:J. 000 .000 28 
2 . . 500. 000 
2,900,000 

3, 625. 000 38 
2 ,800.000 
3.000.000 :J5 
1. 850. 000 
2,2~5.000 

2.800.000 45 
2.995,000 .. .. 

........ . . 
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25 
:?Ii 
27 
28 
2!l 
:10 
:n 
:i2 
:i:i 
34 

:J5 

3& 

37 
:is 
:rn 
40 
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Ga s Tr ell s 1·n l\Ieclicine JI at Ga s-Field- Continu ed 

X a meof\\ cll ~('('. T p. lbnµ:e 

------ ---- -----

:\o. I Ca n:1da C'l' lll t.' ll l D :1unL il':-s 
( 0. :--;t a. 

.'\ o. 2 X E. ' 28 12 
'\o. :1 ,;1-;. 22 12 
:\o. I S E. ' 1·1 12 
:\o . 5 ~E. 28 12 
Cold en Ya\lcy l 1T ip;. Co. XII". ' 3:l 12 
Bo th :-.,·o. I :-ill". ' I· J:l 
l{ <·deli ff , :-:out h .. S E. 5 1:l 
lledclilT , E<i>t. SE. ' n 1:1 
ll<'dclilT, l\'c''- .. X E. ' 1:J . 
[lP<lt) ifT I'rf·~~t·c l Brick <:; \\'. ' J:l ' Co . 
HrdcliIT Urick und Coal ?\ \\". l 5 13 

~~o. 2. 
Hc d c lilT Br ick :ind C'onl XI\'. 13 

. \ To. 3. 
I ) 0 111 . C: Ja;-;'5 Co ;.;11·. ' 17 13 6 
Hcdcliff Broad " ay ,.;w. ' 17 1'.l 6 
Dunmore June ......... X I·: . .: !) 12 5 
Du n1norc .. ... Town~it<' .. . . ..... 

EIPnl­
t ion 

F eel 
:1bo , ·e 

sea-ll' \'l' l 

2,360 

2.3'.lO·OG 
2.:l01l·37 
2.ni-:n 
2. 2!11 ·Sti 
2. 171 ·22 
2.:t?!l ·7G 
2, ·150·88 
2. 41 :l ·O·I 
2. 4'.U-iH 
2. H 3·28 

2, 121 ·32 

2,247·0·1 

.......... 

......... 

l·:IPva-
D cpth ti on 

lo ) I il k 
:.J ilk H i,·cr 
R iYe r sand stone 

:-and stonc ahoYe 
1'-C' :t-len· l 

}\•p t F <'Cf 

l .O!l :l 1. 2% ·!1!1 
1. 057'! l .:!- l!l<{i'? 

965? I. 2;,g .;;:J 
1.058 I . 240 

!1·10 I . 2:1 1 ·22 
1.08 1 I . 218 · lli 
I . 187 I . 2o:J -88 
l. 1.50 I . 21i:l 
I , JS:J J.2.) I ·-1-

I , HIS 
.,., 

l . 250·3 

1,22! 

........ 

.......... . ...... 

Oprn 
fl ow 

cuh. ft. 
per day 

_\ pprox. 
thic kness 

of 
)l ilk 
Bi \·c r 

:;;a ndstone 

FL•Pt 

2.000.000 .. 

2.:ns.000 70 
2. 117 .000 
1.500.000 
2. h00 .000 28 

. . . . . . . . . . 
2.J00. 000 39 

4. 000. 000 
4.000. 000 
I. 00.000 

4,000,000 .......... 
2. 000, 000 .. 
3. 147 .000 
5 . 000 , 000 

Th e l;c;.;t " ·ell s in the fi eld ha\·c ope n flom; of rwa rl .1' 5,000,000 cubi c 
feet a da;.·. Th ose und er 2,000 ,000 cul Jil' fret a rc co 11 ;.;i dNed poo r. The 
o ri gi nal total o pen fiow capa(' it.1' of the field \m s aho 1d 80 ,000 ,000 (' u bic 
feet a day, hut i l is reported that by 1922 1his had clecrea;.;cd to 50,000,000 
<·u h i(' feet. 'J he rock pre~sure in the ea rl ;.· hi s to ry of the field 1rn;.; 550 
pou nd ;.; a sq uare in('h ; thi s had dec lin ed lo 425 pou nds in 1925 . The 
opc n-A o11· cap:wi t .\' iR, t hercfo rc, fa Iii ng more rapidl.1· th a n the rock pres:- u re. 
'J he rock preRsure in Hed(']iff has a lm1ys IJC'c n high e r than in ) [edicin e 1-laL; 
in 1925 i t 1rns ahou t 4 75 pound s. About one-ha lf the we! ls are ow ned Ii_\' 
t he rn uni ei pali tic;; of ) frd i(' i nc Hat an d Hcd cliff ; the reniai nde r, fo r the 
most part , a re O\n1 ed and used by indus trial con ce rn s. 

The st ru et u rc of the field as represcn !eel in Figure 6 i;; la rgc l.Y based 
0.11 th e data eon lai necl in t he preceding tabl e, bu t additi ona l in fo rm ation 
was obtain ed h.1' detern1ini11g ih e strike an d clip of t lw ove rl yi 11 g rocks 
( Fo remost bed s) in th e coal min es in the western parL of the fi e ld a nd 
along the ri vrr vall ey opposite Heclcli ff . The st ructure which causes t he 
ac<·un1ulation of the gas iR low and broad wi th about 50 feet closure , and 
rxtrn cl s nod h ward from t h r st ru e tu ra ll y highr r lnnd on t he c:o u th. It 
i" di vid ed int o t \\'O parts hy an ea~l-wcs L trough that roughly parallels 
the ri ver. The southern part of the fi e ld wa1:3 cl rvrlopccl fi rst and has 
re('eivcd m os t allcnl ion. A few good well s ha ve bee n ohl ain ccl iu the 
trnugh. The 11 o rlhe rn part, ho 11·eve r, holds m ost promi >< e fo r the future. 
lL is higher t ha n the so ut he rn part a nd t he rock pressure a lso is greater. 
Som e of t he best \Ye ll s h ave been drill ed on it, including t he Huckn d e wrll 
a nd the Broadway well at H eclcliff . 
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In a pa pe r by C' . C'. Hosst there ap pears a st ru ct ure contour map of 
the :\fcdi cin e H a l gas san d tota lly unlike the one in clud ed in t hi s paper. 
The difference largely depends upon the interpretation of t he log of one 
" ·ell , name ly "Cousin s a ncl Rissons," 1\B. i- sec. 25, tp. 12, range 6, ·w. 4th 
mer. In t hi s \Ye ll a f-Jo 11· of 2,800,000 cubic feet of gas a cla.'· was st ruck at 
a depth of 1,075 fret, at th e ve ry bottom of the well. This is regarded as 
ma rking the top of t he gas sand , although no sand is reported in t he \Yell­
log aL t hi s dep th . At 122 feet above t his hori zo n, al a dept h of 953 fret, a 
productio n of 60,000 cubi c feet of gas is record ed. This is t he hor izon 
assu med b>' Hoss to be the :\lilk Ri Yer sand sto ne. The deeper horizon 
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// ,....,.., ~1300--

Geoloyical Sur vry, Canada 

Figu re 6. 1\frdic inc H :tt gas-field; st nwt ure eon lours represent top of 
1\li lk H.iYer sandstone; i1umbNs des ignate the well s as ~ iY cn 

in the i.a.blc, page 50. 

(1,075 feet) is now regarcl ecl as correct, because it was there t hat t he large 
production was obtained and the :\Iil k Hi ve r sandstone, as it is only 30 
fert t hi ck in t hi s fi eld , obYiously cann ot exte nd for 122 feet between lhe 
hrn horizons. Th e up pe r hori zo n is apparently a ;:;a ncl slo ne band in the 
Pakowki. Anot her fact whi ch bears ou t t he correct ness of t he prese n t 
interpretation is t hat , in drillin g , thr cas ing was ca l'l"i ed c!0\\"11 to a depth 
of 1,015 feet. Ev icl entl>· t he driller clicl not expect to st ri ke gas ;:;n,nd unti l 
he was below th is depth. .Acco rding to the figure ass um ed herein as 
correct, t he to p of the gas sand occ urs at a n elevatio n of 1, 195 feet above 

1 Ho:S."', C'. C.: "Petroleu m and ~~ltun.il G m; Dc\·elopm cn t in .\\hcrta "; Trans. Can . l n~ t. :Min . .\ft.•l ., vol. 29, 
pp. 3 1 i-3~ 5 ( IU26). 
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sca-kvc-1. This figure ag rees with the figures for surrounding ll"cll'i. Thus, 
in t he Craft well, the gas sand was st ru ck al an elevatio n of 1,230 feet , in 
the C'cn tral Park 11·cll at l ,232 feel , in l he :\ [arlboro' 11·c l I at 1,236 feet , in 
the C .P.H. well at 1,209 feet , and in the J3aln1oral well at 1,224 feet. 

I-1011· far the gas-field exte nds beyond t he present proved area has not 
been dclern1incd. The Canada Cement Company's \\·e ll at DaunLlcss is 
a ve ry poor one, and t he field probn.bl~- docs not exten d south at this point. 
Some gas w:rn obtained al Dunmore , but the gas sand 1yas th in and the 
fie ld probably dc)('s noL cx lcncl farther casL Not hing is known of t he 
\\TStcm exten t of th e fiC'ld , but possibilities of obtaining good fl01Ys out :-;idc 
the >'tructurc sbo11·n on the map arc not considered good. Future drilling 
11 i:1)· ;:;how that the fie ld exten ds a co nsiderab le distance farth er norlh , and 
it is C'vcn possibl e that the roc ks may ri se in that dirC'tl ion. 

The manner in which the rock pressure has k<'pt up is remarkable an d 
augurs 1Yc ll for the continued life of the field. EdgC'1rn( C' r has appr arccl in 
but· few of th<' wells in th<' ce ntra l p:i.rt of th e city, namely in the PowC'r 
Plant We'll a ncl in ('anacla Ce111C'nt we ll :\To. 2. \\"ilh th<' 11·isc consprvat ion 
111casure:- 1rhich haYe bC'cn, and ar<' being, takPn and 1rilh proper care in 
avoi ding 1ratC'r lrn uhlPs, the fic lcl should las t for a nu111bcr of ypars, and 
1.lwre i:; a hrnys t he hope of extending the area lo the north or of finding 
new fiC'lcl s sufficie ntly close al hand fo r the gas t-o he pi1wd to :\kdicinc Hat. 

Jn the ;; ummcr of 1925 the clrilling firm of Hoth a nd Faurot, b>· agrC'e­
menl with th e cit» council of :\lPdicinc Hat , commcnc·pcl a search for oil 
in tlw rod~s hcl crn· the )\[ilk Hiwr sa ncl stouc wit hin the limits of l hc 
:\Icdicilll' H at gas-field. For llwir first well they cho;;e a locat ion in the 
nortlwrn part of the ci ly- L . ~. 4, S<'<'. 6, tp. B, range 5, \\ ". 4-th me!'. 
This well is 1101\" cll'illecl , hut no oi l has been st ruck. The ::\i:ilk l\i1·CI' sand­
stone' \\·here pcnet rated was 39 f°C'C'l t hiC'k and 1rns reached al a clepth of 
1,081 fcC'l; the Blai1" 11 1ore-I\oo(en:1>· sandstone 1rns slruC'k at a dc' plh of 
2/i25 feet, and from Ja ;;l 1'C' por1 s the clrilling is s till in 1 he l\:ooten a>·· . \. 
fl ow of 2,600.000 C'uiJ iC' feet of gas a clay unc! C' r a press tll' <' o f 4-00 pou11d s n 
1-'C]llarc inC'h was ,_;(ruck in thP :\filk BivC'r sa11clsto11p and a flo11· of 10.000,000 
C' uhic fe<'l of gas \\·hich turned to 11·atPr in onp da>· \\"<lS oiJtainccl at 11 dPp(h 
o r· 2.8"15 fe e(. Other walC'r sands occ·t11-red a t dPpt h" of 2, 175 feet and 
2,525 feel. 

Jll.\N Y TSLAJ\D l ,.\KE YIELD 

This prospecliYc field is 11·es l of :\fany Is l:rnd lake and 1rithi11 a 111il p 
of the i-'askalche1rnn bonier. It is 12 nii"lei' north of (he main Ii np of the 
C'nnadian P:1C'ific railway and 20 111ile-; norl hpast of .\ fr diC'in P H a l. At­
t empt s ha Yr been made. by four comp:wiP~ to drill wplls in the fi C' lcl, hut 
two of t hese scal'cely ge t past lhr ;;(age of "s pudding in." T he C'onununit>· 
Oil C'om pany and the .\fany Tslancl Oi I C'o111 pany, ho1reYer. h:l 1·e had 
a certain rnpasure of suc·c·css. At the last report !lw C'o111mun it >. Oi l Co111-
pan>"s 11·cll \\Wl clown to 2,500 fret, 1rhe r<' t he>· had st ruC'k a flow of \\·at er 
in the Hento n shal e. The ec mpany \\·al' at n 1-'lnndstiii fol' laek of fond s. 
The !\fan>· Island Oil C'ompan .Y, und el' the C'apablP 111anngc111 cnt of C'. \\ ". 
Drazan , ca rriPd a 11·ell dom1 :350 feet into Pala~ozoic limpslon r to a de pth 
of :3 ,5-10 feet. The uppCI' 1,870 f ct ml;; drill ed by j<'lt ing ma<'hin P, hut 
the lower 1 ,670 feel by di a mond dri ll ; consequ r nth· no l'2liahk inform '.lt ion 
1yas ohtainccl of th e upper part , hut the :mre r part has furn ished an i n~tru c ­
l i vc core. A log of the Drazan we! I appr:us on paµ;<' .)J. 
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Log of Dra zon l\'ell .Y o. 1, o.f lhe J fony hlond Oil and Gas Company, N W . L 
/::Jee. 34, Hange 2, T11. 13, West 4th Jfer. , Alberta; Eleual ion, 

2,368 .feet 

R ecent 
Surface .:;a nd s t~ 1HI grasels. 

Forernosl 
Ligh t-<"olou red days and s.1 ndy cbys. . ........ . 
C:rcy s: tnd , day bamb . . .......................... . 
l.igh Lg rc) and g reenish clay, thin bed s o f :and .. 
Brown , ca r bonaceous Hha lc and coa l. 

f-ihalc ancl c.: lay, liµ;ht grey, :;li,!.!;h tly sanel y a.L intcrYab ............ . 
f-;h alc.', µ:n·y, darker. ...................... . 
f-ih:tlc, µ;rcy and b rown, coa l sc~u11 s and oy:.;tcr bed:.; . 
~h :.tl e , b\ue-µ;n.•y .. 
f'a.ndslone, greenish gre,\· ............................ . . 

I'akolrki 
;-.;1iai(\ bluc-µ:rcy. 
t--;andstonc, hard .. 
Sha I<', blue-g rey. 
f-iliale, brown . 
Sandy s h ale, i> la f" k .. 
Slt:tl<• , µ; rcy, d ark , fi ssi le ......... . 
Shale, grey, dark, s lightl y sandy ................................... . 
~h:.tk', hluo-black, rompacL and fairl y hard, eontaininµ; Ho rn e fine sa nd , 

lit in bands of hp11ton it c ......... ........ ...... ............ .. ... . 
f.:hale, blue-hla<"k, and fin e sand, stee l grey, in tcrlllixecl in va r ia ble pro­

portion~ 
( ~I ilk Hive r "' rndslone probably occu r,; alba"' of this intru:<i,·e ) 

B enion ( ( 'ulorado} 
Shale, b!ue-~rey, fi ss ile , hcl en with iron p;-·rit es . ................. . 
f.:ha le, dark, compaet ..................... . 
f-:hale, blue-grey 1 iron sta ined fron1 pyrites ....... ......... . 
Shale, dark , cornpnct, with fine ~and parting:-; yielding p;a~ . 
Shale, d ark, cornpa<"t. 
Shale and Ii nc sa nd. Gas. 
Sli:de, <l:Lrk . Hand s of hcnlonile. 
~l 1 a\(• and fine f-!a nd. Cas? ..... 
f.:halc , dark bamb o f benlonile. . ............ . 
Dark, hard material .......................... . 
t--;oft, dark matprial, ca.vy, brown !-'how inp; srum . 
:--;o ft, dark brown JJ HLlerial, sliµ:hUy cavy ... .......................... . . 
l fard , dark brow n material, shale.. . . 
f.:oft and mudd;-·, dark brown material ... 
]{ar d, dark brown rnatcrial, o>·=-- tcr sha l(• . 
Hard. dark , Ha nd .'· 111aterial a nd :<hale. 
C:re.\', soft lll all' 1·ial , muddy . 
Hard r oc k , 2 feet \'N.Y ha rd ....... ..... . 
D a rk brO\rn, so ft rnaterial, 111udcly s hale . 
Hard nwk for l fool ......................... . 
Roft, dark brown , ><andy material. 
\ ·en· hard rcwk .............. . . 
Da1:k brown, not vcr>· hard , but CO!Lr :w, s:i ndy rnatC'r ial 
Da r k brown, li:tr< I and tough rnater ial. and fine sand ........ ..... . .. . . 
] fard, dark brown m ater ial , sand. som e !-' !i:dc. 
J.i ,!.dlt brown, hard rnatcri:1l, sand and i-;011 1c :-:hale. 
l fan!, brmrn 111a tl'r ial , sand and s hale .. . ............ . 
Light brown, hard nrntcrial, sand "nd s h ale . . 
Brow n. hard material, !Sand and shale . . 
Ligh t b rown , ha1d material , I.u rning p;rcy, :-<an d and sh ale. 
Hard , l>ro"·n matcr ial. \ 'c ry h ard rock fro111 1,869 feel lo 1870 feet. 

D ept h I ll feet 
----------

From T o 
--· ·-------

0 55 

.55 12:1 
123 159 
159 194 
194 205 
20.5 219 
2 19 289 
289 3:35 
3:;5 357 
:;.57 37.5 
37.5 ::!90 

390 .JGO 
-IGO 462 
4G2 830 
s:io M2 
8-12 S:'i l 
8.51 8(i5 
8G5 885 

88ii 98.5 

98.i J' J J.5 

I , 11 :i J ' 172 
1. 172 I , I 9:j 
1, I !l:i 1,220 
I, 220 J ,2H 
1, 2-17 I , 275 
t '27:; l , :J/;j 
I , :J7.5 1,427 
I . -1 27 J , -1-10 
1.-l ·tO L, .J.7(i 
1, -176 1,s:io 
1, .5:lo 1, 5.50 
1,!i50 1,570 
1, 570 l, 575 
1. , 57:3 l, 591 
1. 59 1 1,5!)2 
l , .592 1. (i30 
1, G:lO I ,GfiO 
1,660 I , (iG2 
J ,(i(i2 l , fi70 
J ,G70 I , Gil 
1,67 1 1,680 
L, (i80 1, (i81: 
1.68 1 ~ I. 720 
L. 720 I .80(i 
l ,80G 1 ,8 10 
1,8 10 J ,820 
1 .x~o J .830 
1,s:io J .~-10 
1,8-10 1,8.50 
1,850 l .8(i0 
1,860 1,870 
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L og of Drazan lT ell X o. 1- Continuccl. 

B e.1 1011 ( C'olorado)-("ontinu<>cl 
11.ird. grey rock . H a rd sand s lo1ll' on bollon1. 

hen• to bottom of hole . 
~halt- and sandy s hale .. 
f:h:tll' . 
t-1halc , 111o:; tly mis=::ing . 
t:land :wd s l1aly sand, not all recovered . 

D iamond drill used from 

l\fi S !-i i ll~ .. . ..................... . ....... . .... ... .... . 
f'hale ... ..... . ..... .. ... . ........ . .... ... . ..... . . .. · · · 
SJ1:1le, jn a few pl:tc'l' S grad inµ: to sandy :-; !1alc . 
On!~· a ft•w inc hes of shale rcrnvercd ... . ... . 
f'hale: a few inch t's of sands lo ne at 2 , 160 feet . 
f:hal e ................................ . 
Core lost except fo r a ft•w itw h t's of s hale. 
f'hale . 
Shale . 
S l1ale .. ...... . ................ . 
Sand_,. s hale to "'nd, tone .. . 
~;uHJ :::; to nc and :;and\· :-;hale . 
~.rnd :; tunc ...... .. ~- ..... . 
f.;g nd:-;ton0 and sand.\· s h al l~ . 
;-iancl s to11t• anti sandy s l1ale . . 
;-iJi:il t• ............... . ............................ . 
.\ l issin~. cxcPpL for a litt le s hale a11d benlonite ("). 
~ ) uulstonc and :-;ha \.\· ~ all'l::iton e. 
Santi s tone and sh:liy sandstone . . ll~;,·l~·,;it~ . t:t; l;,;;.;~,·1 · ,~; .2.,45ii · f~~·t '.. 
;-iand .v :,; l1ale .......... . ............ . ....... . ................... . 
Only l foot of s hale recovered and sonic bentonite t'?) al 2,.'i:Jo feet.. 
Sl1al1>, o nly part oft he rnrc reco\•ered .. 
Shale , cLLrk . 

Bla ir more-A· uvll nay 
) e llo wis h grey , cro,;::;h ctltlccl '"111d s tonc . 
Sl1:df', µ;n•cn ...... . . ... . .... . 
:--: J1a!t• , µ; rcy , green, and reddish. 
t'and ston<.\ grey 
;-ilial<', hl:u·k 
~and st OllC\ gl'C.'.Y. 
;-iJi:iie , n•d . 
Oil sho1ci11u, 2,808 lo 2,822 feet 
;-;Ji alt\ grc.' .\" 1 ::- and_\· .... 
;-ih:ile, ch01·0\:tll' red . 
Shalt>, grey .. 
;-ih:de , hlaek ............. .. .. . 
Slia!c, red . 
;-ihalc , grey . . . . . . . . . . .......... . 
;-;hale, 1,Ja(·k , earbona.t·c.•ou .s in plaeeH. 
;-;1i:~l c , gn•y , :-1andy . 
:--i :1ncl sto ne, gl"l'.\ . ........ . 
('on rsc g rey sand :--;t one . 

Ju rassic ( JW is ·r) 
L i .~l1t-eo loured , k1 rd, sandy limeti lone . 
( : re,· 'hale .......... . ... . ... .. ...... . ... . 
C rcy 1 a1:enaceous li 111 l'stonc and ~omc shale ... .. ........... . . .. ... . 

J-fard, grey :,; h ale. . . . ..... ... ... .. .. . . ............ . 
Cn•.\· :::; li:tlC' with '' trca.k :--; of li1ncstonc and sa.ndsto110 .......... . ....... . . 
\\'hit c or light gre , ', argillaecous limc:; tone ,·cry like Jurass ic of Sweet 

C·rass iii\ I:-; , but, :-; ornew\ia.t, lighter jn colour. 8/w il'i nu of oil be twee n 
3,00.) anrl 3,018 fee t. . ... .. . ... . . . .. . . . . 

Grey, fine-grained argillaceous limestone . Fossils . 
Grey, fine-gra ined sand s tone . . .. . ... . ..... .. . 

Depth in feet 

From 

1,870 
1,882 
I , 92.i 
J. 9(i2 
2,010 
2.o:i:i 
2.0·10 
2.08~ 
2, I O:J 
2, 12 1 
2. 160 
2, 184 
2. 208 
? ?•J·) 

2: 272 
2. 29-1 
2, 298 
2, :3:15 
2. :3(i0 
2. 4 17 
2. -12.) 
2,.1:30 
2. 44 1 
2, -1:);) 

2,488 
2. 520 
2,5:32 
2 , .i82 

2. o!i7 
2, /!j .. i 
2,761 
2. 79:l 
2 ,808 
2. 8 16 
2, 8 18 

2.822 
2,8:;;; 
2. 840 
2, 8-19 
2 .8:i0 
2.858 
2. 870 
2. 87:~ 
2, R89 
2, 90·1 

2, g:l{ 
2, 9-12 
2. no:i 
2, 91i7 
2. 97 l 
2 , 976 

2. 086 
~ . o:rn 
3,045 

1--~--

1.882 
I , 925 
1, 962 
2.010 
2 , 033 
2 , 0,JO 
2, 083 
2 , 103 
2, J2 l 
2, I GO 
2, 184 
2 , 208 
2 , 2~2 
2,272 
2. 294 
2.298 
2. 3:1.5 
2,360 
2.417 
2,425 
2.4~0 
2. -141 
2,455 
2,-188 
2,520 
2.532 
2, 582 
2 , (i(i7 

2. 7:i4 
2,7(il 
2, 793 
2. 808 
2.8 16 
2. 8 18 
2, 822 

2. 8:3:) 
2. 840 
2.8-19 
2. 8.50 
2 .. 58 
2. 870 
2' 8/:l 
2. 889 
2. 90-i 
2, 9:)7 

2, 0-12 
2. !)(j:l 
2 , 9(i7 
2.971 
2. !)7fj 

2, 9% 

~ .0:36 
:l.045 
3,058 
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J,og of Drnzan W ell .Vo. 1- C'onti nued 

J uraS8ir· (Ell i.,"? }-C:ont inuccl 
l. iuh t gn'y, ha.rd , a rgi l\a('COus limestone .. ............ . 
\'0ry hard. g re.\· , sa ndy shale .. 
P:dc µ;rc•y, arg i\laC'euus \i111 cs tone. 
Hlaf'k s ha le . 
!'oft , \Jl: wk shale. 
Cn.'y, ar:.,?; i llu ceou s lim es tone. 
!'hale :ind li111(•s tone, grey, ha rd . 
Dark g re\· , soft shale. 
Dark g rey s hale . 
Gn·y limestone, hare! ... . . ..... . . 
(; rn· s hall' . 
ll :u··k shale ........ . 
Gn·,-, sand.'· s hal e .................... . 
lllae k s hal e. . . . . . . ......... . 
Cn'C' ll , sand.\· :-; hale with pyTi te:.; . ................... . 
Li.u:ht µ;n.•y, argi\b(·cous linlcstonc, wi th rr~·st allinc quartz. . 
\Yl1it 0 , rath Pr hard lim cs tonP, \ 'C' r.\· porou:-: , \\·i t h show in$!;:-i of 

lilaf'k oil \Jet11·pen 3, ll:l and :l,12:3 f00l. 
\\'h itc, d1a lk y li111 cs tone, porous to11·a rd top. 
( : recn. soapy sha le ..... . 
Fla rd. w l1 iie l i111 es tone . 
Crrccn :-:ha l0 .................. . 
J lard li111 <•s tonc .......... . .. 
~ofter li111 cs to 11P . ...... . 
J la rd , wh it0 li 111 c.stonc .. 
f-:oapy, gr('C' n ~ h a l0 . 
C: re .\ I i 111 p:::;to n0. . . . .... 
(; rPc ni ;-; li µ:rp.\·, ~oft shale. 

(:1,1 90 fcet 111ark,; beg inning of )fadiso n) 

l 'a/a•O?oir (.\fadison'? ) 
l. i!..d1 t µ:n •y lirn0ston(' 1 c·r.\·s tallinc. 
~omcwliat lll Olt\cd (brown and µ:rcy ), very hard limestone . 
C:n·,· and "·h ilc <-r 1-s tallinc lirn t»<lo nc .. 
( ' h c~·t y limestone ,;ot cryst:ill inc- gn•y and brown , mottlc•d. 
(in'.\' , sand.\· ;-; \ial e. 
Chert'" 11 1ottl0cl li 111eRtonc, grey and h rmrn . 
Grey \i111c :-: t<HH'- ery:-;ta llinC' in plac·p:-; , ............ . ... . 
C re.\', non-c·r.\·s tn.llinc linH•sto11f' , with ('rinoid C'O iurnns. 
] )itto, so 111 cwhat more cry;-;talline . ... 
(: r p.\· lirnc:-;tonc.' wit Ii (' rinoid <'Oiurn ns. 
ll:ird , gr<•» li11wsto 1w. 1-'pi ri fc r :it 3.292 . 
·1ranl , g r<.' .\. li111 Psto1w, m orP CTY!"talline. Large brac·hiopod-li kc J>rvduc-

tus nt :i,:12.i f0<•t ... . . . . . . . . . . . ............. . ........... . 
C:rC.'.\. li1 11c;.;ton0 with Yf•ry nu11 1pr ou:-; C' rino id ("O}u 111n:; a nd :-;cet ions of 

bra«hiopods .. ... 
(;re•.\·, Handy li mc:-i tonc .. . . . . . . . . . . . . . . . . . . 
C: n.•.\· li111 C':-0tone fu ll of erinoid C'o lurn ns ;~n ; I ,~·it l . 1 ~~-rn~' · l ; r~;~.J-ii(~ P~> ~ l-s.· 

\Jlaek d1Prt frn 111 3,3:i :l to :J.:1,54 fe<'t .. 
D :i rk , hard lill1estone "'it h foss ilo. 
Dark grc,· slt:tle-h arcl. . .......................... . 
Ca i<-a reous s hale- hard ........................... . 
( ':tl(' ~1n'ou~ :-; halc-~t1T•ak cd with :-:a nd :-;tonc la\·c r~. 
])a rk brown limesto ne......... ... . ....... .' ....... . 
Crc.•y, finc-µ:rai1l<.'d, sandy limc:-;tonc with bla('k. chC'rt . 

D epth in feet 

From T o 

:J ,O.iil 
3. ()(j ,) 
:l.067 
3.0G9 
3. 070 
:J . 071 
:;, 07fi 
:l,080 
3,082 
3.08:3 
:1.08(i 
3 . 087 
:;, 091 
:3 . 099 
3, l():J 
:>, 110 

:J, 11 3 
:]. 140 
3. 1:;.; 
:J. l(i :J 
3, lfi:i 
3, l (i(i 
:1. 11-1 
3. I 7(i 
:3. 178 
3 . 1s:1 
3 . Pi+ 

:1, 190 
3, 19:3 
:J, 1% 
3,22 1 
3,n:i 
3. 23+ 
3, 2·10 
3 .258 
3,2GO 
3.272 
:3, 290 

3,32-1 

3 . 328 
:J,:J.J.L 

3. ;3.1:; 
3, 374 
3. 3,q:3 
:). :J90 
3,-101. 
3,.1:3.5 
3, 4·15 

3. Q(i ;) 

:J. OG7 
3.0G9 
:J,070 
:J . 071 
3, 07(i 
:1.080 
3. 082 
:l. 083 
:) . 08(i 
:1.087 
:]. 09 I 
:1. 0!)0 
:]. 1 o:J 
:1, 110 
3. 11:i 

:3, 140 
:1, 1 ;;.; 
:i. 1r.:1 
3 . I(;!) 
3, lliG 
:3. 17·1 
3. 17(i 
:1, 178 
3. rn:i 
3. 18·1 
:3 , 190 

3, 193 
:{, 19.1 
3.22 1 
3, 23:3 
:3,2:H 
3, 240 
:1 . 2.58 
3. 2()9 
'.)! 272 
:J. 290 
3,32·1. 

3,328 

3,3H 
3, 34:) 

:>,3H 
3, :383 
:J,3~0 
3,-101 
:J,H:i 
:1.-1-1;; 
3, :i.\O 

C'c 111paring th r log of' t hr l) raza n wr ll 11·ith that o f the Roth well in 
::\1cclieinc H at , it i ;.; found that t he Blairrnorc -Eootcn:l~· sand stone is 100 
fret lo \\' r r in r levat ion in t he first 1rell (Drnzan 11·r ll, 299 bclo11· sea-l eYel ; 
H ot h 1rell. 195 hcl o1Y sea -l e1·el) . Th ere i ~, therefore, n low re gional clip o f 



57 

5 feet a mil r to thr rast or no rtheast betwee n t h rse t wo well s. The fig m cs 
fo r 1he elevat ion o f t he co ntact bet 11·cc n t he l3earpa w sh ales a ucl t h e P a le 
h r ds a ( several po int s a rnund !llan:v Island la ke a nd :Vlcdi cin e H at illus trate 
\r e ll t he n earl y h ori zontal a ttitude of th e st rnta. Thus, in a n o ut crnp in 
SC'C . :3-l , t p . 16 , r a ngr 8 (30 miles 110rth\rC's l o r :'lfrclicine H at) , t h e elevat ion 
of 1 hi s contact is 2,580 feet; in sec. 30 , 1 p. 15 , ran gr 2 ( 15 mil es no rt h o f 
1 he D raza n \rC' ll a n d 20 miles no rth of l\Ian.' ' Isl a nd lake), it. is 2. 5+7 fret; 
i 11 src·. J3 , t p . 11 , r a nge 3 ("I rnilr s south o f Irv ine), iL is 2 ,631 feet-; in sec. 
18 , (p. 11 , range 29, \\'. 3 rd m r r . (5 mil es so uthrast of \\ 'abh), it is 2,539 
fed. This sho \\'s n clip of 5 fee t a mil e to t he east. 

.-\ s coner rn >: regiona l s t ru cture t h e )[a ny Isla nd fi r ld is situaled 
s im ila r! >· to the ) [rcli cin r H aL fie ld , bu t no local strnet m r h as bee n s ho wn 
to rx is(. In th r D razan well t hr :\Iilk Hi v '.) r 1mndsto ne h as a lm osL \rcdged 
o u t a 11cl is rcp resrn te cl onl y by !'ancl y sh a le which docs noL prncluce gas . 

O IL POSSll3 1L lT IES J:\ T H E ~!IL K JUYEH S.\N DST O:\g 

The ) [i lk Hivcr sandc;(o ne, ,,·hich ho lds the gas at :\Iecl ici ne H at, 
aets ac: a n a r tesian ,,·at e r rrsnvoi r h ighr r u p t h e d ip o f t he S" ·ceL Gntss 
a rch. Thi s :1 rt es ia n arr:t h fls bee n d r lirni ted by D o\Ylin g. 1 

T he :;\ [ ilk Hi vr r san d;.; to ne \r h r re i t o u tl' ro ps o n l\Iilk ri ver in rangrs 
12, 13, 1-±, a 11 d 15 , wcf'( of th e .ft h m e rid ia n , is Ye ry pornus a nd is capab le 
of ca rr.Yin g u nde rg ro un d ,,·ater. If it carnr (o the su rface at a lowe r p ince 
a sr rirs of vr ry st rong sprin gs \Yo u Id rrsul t. I n th e a rra un der di scussion, 
ho\\'e\'r r, i h r poro us sands to ne ins tead of rral'h ing t h e s ur face dips grn t ly 
i o th e n orth at a rate o lll.v a liLLl e 111 orr t ha n 1. h e slo pe of lhe s urface . 
B e in g covr rr cl b:,- i111 1w 1·,·io us ;; hal es t he wa te r in i he po ro us sandsto ne 
docs not r each t he surface h u t remain;; under a s light pressu re. Drilling 
ha::; :; how n tlrnL largr (]U a n t ities of fr e;;: h watrr are coutaillc cl in t he sand 
ove r the g rea(C' r pa r t of th e ('l'C'St of l hr s ,,·ect C rass a rch . ~ (ro n g flo ws 
h aYe IJC'cE st rn ck in P nko \\'ki Lak0 reg ion, i ll Fo re rn osL rrgion , a nd i ll th e 
co un try Lc l\\'C'c' n F orclll O':i ( and B o w Jshnd , a ncl as fa r nort h as Hetla w. 
D o m1 ih e cl ip o f t he a reh gas oc· c- m s, as a L )\ [ecli cin e J1 a L It is possibl e 
(hat i lw gas a 11cl poss i bl >- so 111 r o il we re cl is tTi bu tccl o ri gin a ll y m ore or less 
un ifo n n ly th ro ug hou t t he :\Iilk Hi vc r ::and s(o ne, b u t have been d ri vr n 
in to th e st n1 C't m a ll >- lo\\· a rras hy t h e flu shin g act io n of the a r lesian \nttc r . 
Hi ch 2 sa»s in hi e: a rti cle o n " :.[ovin g l'ndr rg ro und \\'a lers as a Pri111 ary 
( 'a use of t hr AC'e umulat io n o f Oil a nd Oas" : 

'· lf Lhc oil is being carried :tl ong in a rese rvoir bed \\' hich pinched ouL i11 to le~s perv ious 
beds in the d ire<'l ion of movement, t he oil a nd t he gas shou ld be scree ned out, a1Hl :tccumu ­
lated nea r the encl or t he per vious bed. There are two reasons fo r this. One is the g reate r 
fri ct ion on the o il g lobules as the text ure of the roc k becomes fi ne r ; the other is the effect 
o r ('api lla rity \\' h i('h le nds to prevenL o il leaving ro:m;e, water-so;cked beds to ente r fine 
ones. \\ ' here the \\'ater moveme nt htppens to he up Lhc d ip t he accum ulation wo uld be 
on Lhc ur-d ip end of t he pi nc hing reser voir bed , where t he move ment is clown Lhe reg iona l 
dip , however, the declucL ion wo uld be lha t t he oil acc u1nula t ion should bc a t t he down -dip 
end , unless t hcre were r1 nt icl ina l t rn ps near t he down-d ip end , in wh ich case mosl; of t he 
oil would dou btless be rnught by Lhem. " 

I (i(''ll. Sun-., Ca nada. Sum . H cr>t. 1!122 , Ill. n. p. 10·1. 
' Hil'h, J . 1..: Econ. Cc'O:., ,·ol. 16, :\o. u, 1>. 355 (1921 ) . 

46851 - 5 



58 

I t has also been suggested by Sha\\·1 that: 
"Kear the limi t of complete Rushing, gas, on accou nt of its greater buoyancy, ll"Ou ld 

be retained by strnctures whi ch " ·ere unable to hold oil. Star t ing from near thr intakP 
rim, t he normal sequence wou ld be: a nt iclines completc l ~' rtushed; a ntic lines holding on ly 
gn~; a nticlines ho lding oi l and gas." 

Su ch condition s a rc uncloubtecll y present in the l\Iilk Hi vc r sa nds ton e. 
Over the crest, and, perhaps, part \my clmrn the fl a n ks of t he Rwcct Grass 
arch , 1 he sandston e ic: fi li ed with mltcr . Around Lhc sid es of the artesia n 
\\"Ulcr area and beyond the influen ce o f fi w::hin g, ga~ \1·oulcl be he ld in 
favo urabl e s lrn ct ures. Thif' gas would he unde r high prcssm c, f'in<'e it is 
u11cl er a h .vclros lalic head of abo u t 1,000 feet , "·hi ch accounts for lhe fad 
that a1. )Icdi cine Hat 1.hc pressm e i ~ greater than would be expeC' ted if 
n aLural h.Hlrof-'tal ic conditio ns prevail ed . If oil is prese nt in the l\Iilk 
Hivcr sandsto ne al a ll , it \rill be found oni.v bcLm'c n 1. he gas-fie ld be ll and 
1hc line 1o 1he north a nd cast wh erf' the s:.md"'to ne thin :< ou t a ncl cli;:;appears. 
Rin ce 1 be " Milk Hiver " Yirtua ll y di sappea rs at :.\Iany Island lakf' , the oil 
be lt " ·ill be expected to li e between thi s point a nd :.\Iedicin c llat. Jf local 
st ru ctmcs be fo und and drill f'd 0 11 in t hi ;; area so me oil may be found. 
One difficulty is, ho\\"eve r , t hat the drilling lllu sL be cl one complc t f' l>' in 
t he dark, as a heavy m antl e of dri ft cove rs the rocks for ma ny miles withou t 
a break. Another diffi culty is that th e porosity of the :\ I ilk l{i vcr sand ;.: tone 
is \"cry low aL l\Iccli cin c Hal , perh aps loo 1011· to ca rry mu ch o il , a 11cl t he 
porn~ii y apparently cl ccrcases to th e east a.;; in ;;lancecl b~- t he poor eharncler 
of the ~a.n cbto n c at Dunm ore. 

OIL AND GAS POSSlB!Ll ' l'l ES IX JWC K S l "KDBH.LY JN G 'l'llE BO\\' 18LAJ\' D 

GAS SAN D 

Th e best pl ace's lo drill for oil in so ut hc rn Alberta a rc on minor sl rn c­
tmes superimposed on ihc crest of the Sweet Cra:-;s a rch. Such :L 1nin or 
stru ct ure is th e Row l f'la ncl dom e, \rhich may be too :0 111 a ll to produce o il 
a t any hori zon. It \Y Otild be bette r lo loca le so 1n e sl ru ctmc of g reat e r 
dim ens ions on which to drill. On a la rge r sl ructmc oil might he fo und in 
sandstone bed;; in the Colorado (BPnlon) , in t he I\:oote nay, in the Jurass ic· 
(El !is) , or in dolo1nitc in t lw Carboni fc rous ()foci iso n) . In Bow l s I an cl 
region the Dakota-Blainnore sand ~ l onc may be expected aL a depth of 
abo ut 2,500 fee l a nd the Carl >on ifcrou::; :tl an ap proxi1n atc d epth of 3,200 
feet- . A good place lo locate a wild-cat \Yell wo uld be on 1.he ext reme 
wefilcm edge of the cre::;t of the s,1·cct Crn~s a rch , ca.s t of lhe point al ll"hich 
the roe ks begin to clip slccpl y int o the Alberta synclin e. As far as ean be 
conjecLurecl at presen t this would be in the neighbourhood of C'hin ~lat i on 
on the Cro 11"snc5l branch of the Canadian P acifi c rnil wa,-. Tlwrc has 
proba bly bee n a s trong migration of o il a nd gas up lhc fl a ;k:; of the a r ch 
on lo it s crest a nd thi s oil an cl ga8 would be trapped in anliclin a l st n1C'f m es 
s i lua tcd along the C'dgc of t he crest. 

The fact that l\Iedi cin c lia L ii:i well clown the fiank of the Sll"ccl (; rass 
arch , if not off the st ruct m c entire ly, dims Lhc hope of obtaining oil in 
r ocks underl y ing lhc l\[ilk Hivcr <'andslo nc at this point. It is onl y under 
specia l a r tesian conditions that gas occurs in the )Iilk Ri ver rnnds ton e, so 
that in rocks in whi ch these conditions do not hold, ve ry lit t le in the way 
of oil or gas is expected. 

1 Shaw, E. W. : E con. Geol., rnl. X II , pp . 610-628 (JDl7). 
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CYPRESS HILLS AREA, ALBERTA 
R eference: D yer, \\'. S.: "Geological Structure in the IV cstcrn End of Cypress Hills, 

Alberta"; Ccol. Surv., C:urncla, Sum. R cpt. 1926, pt. B. 
- Gcol. Surv., Canada, Memoir (manuscrip t). 

L:\' 'l 'JWD"l.: CT!ON 

The sla lrments regarding Cypress hill ;; a rc based ent irely on the reports 
of -\\' . S. Dyer, a;; the result of work don e for the Geological Survey during 
th e summers of 1925 and 1926. Acco rding to D ye r: 

"Cypress hills a rc a prominent physical feat ure of t he so uthern Great Plains. Begin­
ning about 30 milrs soutlrn·cst of :\foclicine }fat t hey extend cast wardl.v for more t han 80 
miles. They reach t 11Pi r greatest a lt itude at the western cncl-llcad of t he :'lfounta ins­
whcrc t hey arc 4,, 00 feet a bove t he sea, or 2,600 feet above South Saskatchewan ri ver at 
:\kdicinc .Hat. Eastward t hey sink un ti l south of Swift Current the.v merge into the 
general lcvr l of the prairies. The central part of t he hills, or the hills proper as i\kConnell t 
rl'gnrclecl thl'm , is :l plateau with the flat , fcaturl'il' ss summit clicu·:1cteris tic of thi s t.v pe 
of land form. The plale:iu is bounded by steep slopes which, in t he western part of the 
hills, descend 800 feet to the morr gentl.v slopi ng country below. The summit of t he 
plateau is t reeless, but covered with rank-growing grasses upon whi ch feed the stock 
belonging to the ranchers se ttled on the top of the hills. T he stel'per sides of t he plateau 
arr forested \\·it h popl a r, sprucl' , a nd pine, and on thl'm the Dominion Government has 
blocked out sevrrnl squnre mil es as a forest reserve. The co untry smrounding the plateau 
for d istances of lfi or 20 miles is eharacteri?-cd by grnclually diminishing slopes. lt is, 
howevrr, compa ralivel_,. rugged, with many hills c:1ppecl by the wc:tthc rccl product of t he 
soft, underlying C'rclaeco us and Tf'rti ary sands :rnd shales, or by glacial drif t. :\c:u t he 
plale:tu solitary hut lf's ri se to ell' vat ions of -i,000 and -(,300 fee t :d )()ve t he sea. Claci:d 
crraties have IJC'cn found as high as ~, :300 feet, hut above 3,800 feet the man t le of bou lder 
elay is very thi n. 

Hracly access ean he had to alm ost an)' part of t hr hills. There arr Sl'vf'rnl dirt roads 
which arc most ly in a fair state of repair, but afte r heavy rnins a rc rendered almost, imp«~s ­
a i> lr by the fine', r· la.v character of the soil. An cxcr llcnt road leads from Elkwatcr i:Lkc to 
the Canadian P ac if-i e r:lihrn.v at Ir vine, a dista nce of 20 miles, a nd a not her ro:td lc;1d; 
directly from l•:ag le Butte to :'lfrdicinr Hat, a dista nce of 3.5 miles . 

RTRA'l'l(: IL\ P l IY 

The rocks ex posed in t he western end of Cypress hills cle:1rly s how the g;rndual 
transit ion from m:irinc to freshwat rr deposits, whieh occurs in t he uppermost pa rt of the 
'i\[cso?-oic ' in many p:trts of t he no1·thwcstcrn Uni ted Statl's and t he Prairie Prov inces of 
Canada . The lowest beds l'x posed a rc marine slrnlcs of Bc:t rpaw or Upper PiC'rrc age, 
:ind above them follow without a break sandstones represent ing thr sh:tl low-watcr, nc: tr­
shorc phase of t he rel rrat ing Pierre sea. The~>e in turn gradually pass upwards into fresh­
wall'r beds of sand or sandy d:t.\", with fragment ary plant remains a nd lignil l', which 
contin ue near!.'· to the top of the sect ion. These fres hwater beds arc clear!,- d ivis ible into 
t hrec formation s 1\·hich agree with t he t hree-fo ld division made by Davi s' of the rocks of 
thf' same age in Saskatchewan, i.e., in descending order, the H.avcnsn ag;, ll' hi tcmud, a nd 
E stevan. The te rmino logy used by Davis is, t hr rcforc, extended to include t he beds of 
the west encl of the hills The l ~stevan beds arc undoubtedly of Lance age, as L:rnce 
dinosaurs have been found in t hem on Rock creek in S:tsk<Ltchcwan. The L:tnce dinosaur 
'Tri ceratops' has also been reported by Sternberg from t he \\' hitcnrnd beds.3 Xo din osaurs 
have been found in the R avcnscmg; beds, but pl:tnt remains and invrrtcbratcs of La nce 
or F ort l -nion age have bee n found in them. The upper sloprs of the hills are eovcrod by 
t.alus a nd by vegl'tntion, a nd ouLcrop~ are rare. T oward the top of t he plateau, however, 
silts and sands of un certain age have been found , and c:ipping the pl:itcau there is ,, 25-
foot bed of conµ; lomcrate whi ch has y ielded mammal remains of Oligocene age at localiti es 
north of East End, Saskatchewan. 

' 'lcCmmel l. IL C:.: Genl.""""-· Canada. Hept. of Pro~. 1885. 
2 D t\\-i3 , ":\. B .: i\l ines Brnnch, Dept. o f .\f ine:;, Canada. Ao. 1168, p. 9. 
3 :--;1ernbcrg, C . .\L : Can. Fi eld r\ at., \ "O I. 38, :\o. 4, p. 69. 
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Table of Formations 

Geologieal time Fonnation C haracte r and thieknes~ of fornrnl ions 

Tertiary or Cretaceous . llavensrrng. . .. Yel low, rro'°bed decl sandstone (eont inenta l). T hiek­
ne." 128+ feet 

\\"hitc111ud . 

C retaceous . . E stevan . 

llea rpaw. 

Light g r0.'· days and fin e sand s weathe ring w hite 
(<"ont inen ta l) . 'l'hickne°' 25 feet 

C:re», buff, and brmrn sand s, and sandy elays "·ith 
lignite (eontincntal ) . Thieknc's 2:):j feet 

. C'ros,bedded, g rey a nd hrO\\"n, ledge-making sand­
stone (marine) . Thickness 150 feet 

Da rk g r·ey, soft shales (111 a rine). Thickness 500 to 550 
feet 

Bem·7iuw. The T3c:-irpnw sll:lies arr 0xpoP0d on both t he north and so uth Pidrs of Cyp­
rcsR hill s, but especia ll y well on the norl h side where highly fossi li fero us oul rrops can be fou nd 
on any of the small creeks dmining t he hill s, sur h as Boxelder, Hoss, Cros Ventre, and B ulls­
hcnci ne0ks. \\"ithin I he nrca in cluded on the accomp:rn_v ing Figure 2 l lw~· 011 lrrop at two 
point s on ly. On the upthrownsid0 oflhe fau lt , ins0r. 11, tp. 0, r:wge G, \\". ·Ith n1Pr., a 
t h irknPss of I 00 [pct was found on t lw nort h hank of Bu ll shcnd creek, nnd :t small ex posu re 
was seen in l\!0dirinc Lodg;f' cou lfr west of Tlwlma, in sec . 8, tp. 7, range 3, \\". -llh mer. 
They prolinhly, howeve r. fo rn1 t hP bottom 0f a Lu·g;e part of 1\l cdirine Lodge coulfr. They 
consis t of dark grey or µ;rrcn iPh µ; re~-, soft shal0s and conta in mari ne foss ils of C relnrcous 
:tgP. ,\t the outcrop 011 ::'dcdiei nc Lodµ;e eotil (·p a fragment of l )laccnliC<"ros was fo und, 
nnd nt the outcrop on Bu ll>'head creek thP fo ll owi ng fossils were found: JJa rnlii<'s 01•0/11-', 
l ioc11/i/1-' c1>11111u -., .,11s, l '!acc11/inT11s 11•/til.fieldi, ( 'orliic11/a Hp., a nd l 'lrTio li11g11iforn11\. The 
lhirk111•ss of the fo rlllat ion is di([irult lo dl'l <' rlllinc owing lo the bck of exposures in t he 
hill s, hut evid0n1·c was obtained on t he creeks on t he no rth s id1• of t hp hills whic h mad e 
possihlP an PSI im:l1e of t hr t h iekncss. C'Ntain fosHi l ;.oones WC'l"C' found whir·h 11·cn• eorrclated 
from nC'ck to creek a nd on certa in rrrcb the cliol:tnce of t he lo11·cst zone above the base 
of the fo rm :tl ion and the hiµ;IH• st zone' below t he lop of t he formation w:tH dct1•r111i11ed.t 
Jn t h is way a thirkm•ss for the for mal ion or bet11·pcn :)()() a nd ;).'JU fret 11·as 1rnrkcd out . 

F o:r I /'ilk This forlll:lt io n is best exposed in :.\Jedie in e J ,odgc coulfr . H:rndstonc ledges 
r rre rrcd lo it flank the hill s on hoth sides of thr rnu lfr for sevr rnl mil1•s, but 011·i ng to Lill' 
large a n1ounl of outwnsh rro"' I he hill s thrv an· exposed in 0 111 .1· a fe11· places. The best 
ex posu re is pcrh:qis on th e east s id e or I hr coulfr in see . G, lp . 8, range 5, \\ .. ·Ith mer. ThC'y 
a lso outnop in a gully int he H.E . . \ sec . 30, tp. D, range 1, \\'. -Ith 11 11• r. The fo rlll:tt ion con­
s ists or g rr_,., Ill Cd ium -gra ined, mnssivc- lieddcd, quartzose sandstone 11·ith a large b iot itc con­
tent. Crossbrdding is prcrnlcnl , :1 nd the sand is suffiri ent.ly cohNe nt. lo fo rm ledges . (:en lie 
s lopes octurring bet11«'l' ll the s leep sa ndstone ledges suggest t he presence of shnle, but 
Lhc ~ ha l e itse lf is nowhere ex posed. Toward the lmsc Lhe sandstone becomes soft :lnd 
sha ly and passes gradu a lly in to Benrpaw sha le. Tmrnrd the top t he sands a rc in coherent 
a nd liµ; hl g;rry a nd c:111not be dist inguishcd from the overlyi ng Estevan beds. The upper 
part conta in s s ili cificd \\"Ood a nd is prohnbl_,. eontinenLtl in origin. Thinnr r bedded, 
calrnrl'ous sand stone in the middle of I he format ion y ielded t he fo llow ing marine foss il s 
of l 'ox Hills or B cnrp:tw age: Lil/l·aria for1110,w1, Jnoceramus sp., J)rolocanlia borcatis, 
Jllartra 1rnrrc11 a11a , J'o/dia u·a11si, Protocon/ia .subquadrata, J>teria 11cbrast1111u, 8ca 1ihiles sp., 
1\' ucula cf. .rnb1il1111a. ~tan ton' rPporls finding t lw follo wing additional specie~ al the rnmc 
localit y: 'l'rwcredia am1·ricr11w, Cullislu 11cbro.sce11sis , ,..,, UJ!hilcs ?1odo:;i1s vnr. qaatlr1111gularis . 
] [e s'lYS, 'Part of thcs1· specie& a rc in the l ,'ox Hills bed> in other regions and most of them 
occur in the l'ierre and Bcarpaw sha les . It has long hcl' ll known that t he faunas of t he 
Fox Hills and the Pie rre are too closely related to be co nsidered really distinct.' 

1 Thi~ work will be d~erib0d in fu ll in a lat C' r publication. 
• 8tanlon, T. W., und ll:it chcr, J. B.: U.f'. Gcol. Sun·. , Bull. 257, p. 55. 
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Ji,\/e1•1111. Th e Estevan beds ove rl ie the Fox II ill s sandstone in i\ lcd icinc Lodge coulc'c. 
Thry arc also fo ulld along thr rortd south of l<:Jkwater lrtkc , 011 the llOrLh side of the ll"Cst 
arm of Elkwatcr htkc, Oil Bulbhcad creek, :wd o n \\'illow creek near T he lma . Thc.v con­
sist of grcv, buff, a nd brown sands and san d.\· s ha les wit h occasional ro\1·.-; of hrowll iron­
stollc concretio ns. Jn t he 101\·cr part of t he fo rmmion br cls of comp:tct, grey clay arc found 
\1·hich on exposure \\·calher Lo a bright red . Ncam' of ligllit c arc prpscnt . The chi f'f one, 
2 i"l'l't ill t hit·klll'ss , occu rs abo ut l 75 feet above t he lmsc of the formation a llcl liO fee t be low 
the \\"hitrnrnd beds. 

This se ries of heels is placed in the Estevan of D a,· is bec:rnsc of its position h t't11et' ll 
the l<'ox Hills s:wdstonc and the \ \ ' hitcmud beds, and hccat1sc of it ' continental or igin. 
l t di fTe rs so mcll" hat from the l ~stcvan beds of t he more typical Naskal ehcw:rn loca l it ics in 
b<'ing 111 01"<' sand.\", lighler in co lour, and \\·ithout the fine banding of cla.\· and sand.\· cla_\·, 
'0 charal"leris tic of the beds in N:tskatchcwan. TllC' th ickncs' of 2:31") feet reprc."ClltS the 
intrrval hcl\\"rcn the lcdgy sandstones of the Fox Hilb and the \\"hitrm utl hl'ds. 

1Vhitc111wl . .:\umcrous outerops of these beds were found in ".\frdi c inc Loclgr; coul cc; 
a lld ill t lw long, n:11Tow, coul fo 1\·h ich extends from t he \\"C~tcrn encl of l ~ l kw:1ter lake to 
the s m:dl l:cke in sec . 7 , tp. 8, rang(' :3, \\·.-Ith lll<'r., a nd thence southwestward Lo ".\Iecli­
ri nc Loci µ;<' cou lfr. They a rc a lso found Oil 13ul l ~ hcad crepk on th e down I hrown s id P or the 
f:1 1il t, and :1l v:1ri ous poin ts on l•:ag;lc h11ttc. Ch·ing to t he pure white colour of the beds on 
exposure, they ,ho11· up very pla i11I .\· and scn·c as an ideal hori,,011 m:c rkcr for st ruct ura l 
\\"Ork. Thr\' were used for mo~t oft he st ructural \\"Ork in the hi ll s . Beds referable to the 
En 11 1c forni:ttion h:wc IJN' n found at m:rny widc lv scaLt<'rcd point.s in sout hern Naskat­
ehr\\":111,1 :111d at many localities t he cla\' parl of t he i>Pds is rcfraetor.\·. .\t C'la_\' Bank 
t h<'\" are tn adc use of for the manufa<·t.urc of fir c-hriek . ::\o anah·scs have been made as 
Yet" of the e lays in Lhc 1\·cstern parl of Lhc h ills, alld it is not k;1011•1 1 whether they a rc 
refracto ry or not. 

The. follo\\"ing secl ion of the formation \\":ts mc:1 s11 rccl in M edieinc Lodge coul6e in 
>"C'<' . 3 1. , Lp. 7, range 3, \\". ·Hh mer. 

Section Th rough the ll"h ile111wl 15 e<ls 

Soft, light grey day, weather ing pure white . . ....... . . 
Jllaek or dark brown (bentoniticY) clay. . ......... .. .................. . 
Y<'llowis h green bentoni1e .. . ................ ........... ....... . 
Light grey, ~oft, very fine-grained sand, weather ing pure wh ite. 
L i~ht grey C'la.\· apparcnt, ly f!: l'Udi ng downward into the buff-colourcll !'.:ian d :-:; 

of the Estevan . .. 

Feet 
10 

l 
' ' 10 

,! 

l?u1•1'11.,1.,.11u. The ye llow sands of the Havenscrag fo rmaLion were found :diovc t he 
\\"hilt'mud bed s at nutncrous loc:tlit i<'S t hroughout tlw hills. The.\· are exposed to best 
adv:rntag;r, howrver, in l\frdicinc L odge eou lfr in sec. :{t , tp. 7, raugc :3, \\". ,Ith me r., 
a11d :L good .-<c•dion was a lso obta ined on t hr road sout h of Elkw:tter lake on Lhc 110rth side 
of the hills from 175 to 2i):) feet above the lake. 

Tlw formal ion consist s of yPllo\\· and brown, erossbeddcd, mediun1-gr:t illed sand­
slone, :u id in 11 t:u1.\' pl ael's ineludp,; san ds!O ll<' co tH-rPtio ns of la rge s i7-c. Beds of in t ra­
forn 1:ttio11al conglomerate consisl ing of dav pe llets and pPlihlPs of sandsto ne a rc a lso 
lJl"CS<'nl. The conl:H"I with th<' \\"httcmud bed;, is 11ot seen clPar l_v, bul in a gull.v on the 
n orth side of Eagle butte in the :-l.K '1 ~< · c ·. :20, tp . 8, r:u1gc -1, \\ ". -Ith met·., beds of lrnrd , 
grey s h:ti l' a nd dark brown , soft, clay shn l::! li e bct11·ccn Lhc \\.hitcmucl beds and the ye llow 
sands of the Havcnscrng . , \ L t he li:t:<<' of t he fo rmalion the follo\\"ing freshwater fossils 
\1·erc found: ( 'r1111prlo11w prod11cla, ('11111pclo111a C!J/il"Gi;.se118i.s (11. s p. ), 'l'h111wwi;l1ts l1,11t11tw£­
jor111ii; ll'lt11is, l! yrlrn/1i11 rcd11, ! ·11io s p. , and Sp/1 ,1a:111n sp. These at least indicate a post­
Bc:Hpa\v nnd prolmbl~· a 1-'orl [nion age . 

'l'hl' gr<':ttcsL thickllcss mparnrccl fo r the Havcnscrag \rnS 128 feet; b ut it is p robably 
much g reater. The upward extent of t he heels could not be seen, as the upper s lopes of 
the hills nrc ta lus covered and afford very fc1r outcrops." 

PROSPECTS FOH Ol L AND U~\S 

According to Dyer, Cyp ress hill s arc in part at lca::;t st ructu ra l in 
origin, representing an uplifted a rea from which the strnta arc known to 
dip nortlrn·ard and eastward and probably io a less degree sout ll\rnrd, 

1 Dyl"!" , II'.,.;_: Geo!. ,.;urv., Canada, Sum. llepl. 192G, pt. I\, p. :J:l. 
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although such south\Yarcl dip has onl y been noted at one place, namely, 
Med icin e Lodge coul6e. To t he westward t berr is a region a l ri sr in the 
strata and closure on t he west of the Cypress Hill s strnctme depends on 
t he presence of a northeast-so uthwest fau lt whi ch Dver has desc ribed an d 
which be bel ieves has a t hrow of 400 to 550 feet. " 

According to Dyer : 

"The Cypress H ills st ru ctu res should prove to hold oi l or gas provided the undergro und 
cond itions arc right . These inc lude the presence of porous sands suitable for reservoirs, 
a nd beds capable of generating petroleum. The Milk River sa nd sto nes which hold so 
much gas at i\kdicine H at might quite possibly be oil-beari ng in this more pronounced 
strncLurc. Other favourable horizons would be sandstone beds in the Colorado, the 
Blai rmore-Kootenay sands, the Jurassic (E llis) sand or lim estone, and the Pahcowic 
(l\Iadison ) limestone, a ll of which can be reached at reasonable depths . Oil sho11·ings were 
met with in the D rnzan 1Yell in the "Many IRia nd field , in the Dla irmore-1\:ootenay, and in 
Jurassic. In t he Rot; h well at l\ Jed icine !fat oil show ings were found in t he E ll is a nd 
at Lhc top of the Palmozoic, and several strong flows of water indicating porous hori zons 
were st ruck in the Co lora.do, Blairmorc- l(ootenay, a nd Pahcozoic. These "·ells ll"Crc both 
locatrd on very much flc1tter strncture. 

It would rrqui re deeper d rilli ng than at i\Icdi cine Hat to reach the same horizons in 
Cypress hills, ow ing to the higher stratigraphi c posit ion of the beds exposed. At i\Icdicine 
Hat the Roth well Xo. 1 was started about 100 feet above the top of the Foremost beds. 
] t reached the i\ Iilk H.iver sandston e at a depth of 1,080 feet, t he Bla irmore at 2,520 fee t·, 
the Jmassic (E ll is) at 2,800 feet , and t he Palmor.oic at 3,000 feet . Addi ng 775 feet to these 
figurrs, wl1ich represents t he distance between the hori r,on at ll"hic h t he Roth well was 
;tarted and Lhe Lop of the Dearpaw, figures are obtained show ing the depths at which the 
various horizons would be reached in a well started at t he top of the Bearpaw on Cypress 
hi lls, assumin g there is no change in t he t hi cknesses of formations. Thus the l\Iilk Hiver 
sandstone wou ld be reached at a depth of 1,855 feet , the BI :tirm ore at 3,295 feet , the E llis 
at 3,575 feet, and t he J>al:eozoic at 3,775 feet." 

\V r\.TEHTON LAKE AND CAMERON BROOK1 

By D. B. Dowling 

Pee pag;es of oi l \\"ere reported on Cameron brook (locality 9, Figure ±) in 1890, and 
cxa1ni ned by Pelwyn in July of 1891. They 1Yere found in the bed of the brook about 2 
miles above the bend. The occu rrence of o il in any la rge quantity in rocks of Loll"er 
Cambrian ngr was douhLed and it was not until attention was called to the possibility of 
overthrusts a long t he eastern face of Lhe Rocky mountains, t hat a possible source for the 
oil was sug;gcstccl to D:1wson. His comm ent in t he 8ummary Report for 1898 no doubt 
renewed interest in the subject. 

"lt further a ppea rs to be quite possible that overt hrnsts of t he kind referred to may 
se rve to expla in the otherwise somewhat anomalous occurrence of petroleum in the southern 
part of t he llocky moun tains, between the Croll"snest and 8outh l\:ootenay passes. The 
actual ex istence of small quantities of petroleum in several places in th is portion of t he 
mountains was verified, some years ago, by the perso nal observat ions of Dr. Selwyn. The 
petroleum was actua lly fo und in pa rts of the moun tain region characteri r,ed at t he surface 
by very ancien t rocks probably of Lower Camb ri an age . l f it may be assumed, however, 
that these rocks possibly overlie , in some places, t hose of the Cretaceous series, by reason 
of ovcr thrusts, i t is easily conceivable that the petroleum in quest ion may have orig inated 
in consequence of heat, at considerable depths in Lhe earth's crnst, act ing upon t he fixed 
hyd rocarbons contained in the rocks of t hat series." 

The first note1rnrthy attempt at dri lli ng in the mo unta ins near t he kno11·n oil seep 
was mad e in 1903 by a company fo rmed by John Lineham. This well was reported to he 
1,400 feet . Oil was found at 1,080 fee t and filled the well. The furth er deepening did not 
appa rently in crease t he fl ow and d iffi culties developed wh ich probably in clud ed loss of 

1 Hcprintecl from Gcol. Surv., Ca nada, Sum. Hcpt. 1020, pt. B, pp . IG-22. 
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thr tools . :\fany ot hrr hairs ,,.f' rf' dr illed hy va rious companies on this stream , hut ot her 
h o r i ~o n s " ·ere not fo und to lie o il-hraring. \ \ .el ls were ;dso dr ill ed near \\"aterton lake on 
th r a nti cline \\' hif'h crosses the lake in line with the prolongation o r the lower par t of 
Cameron brook, hut no rurth C' r supply was found in Uic rocks forming t he lowC' r part of 
th is ser ies . One, ho\\'f'ver , seems to havC' had '' showing of oil 11nd, it is though t, penetrated 
inl o the C retaceous bC'neath. This we ll , which w;1s bored proba bl.v in .. 1905-07, re.ached a 
depth of 1,98.J fC'f't. This is reported by R . A . Dal~, to have been near Cameron fa lls, 
probably one of t he se veral that were bored within the townsitc of \\"atC'rton pa rk. The 
only rC'ro rds published arc in cludrd in this note. The first is from an interview obtained 
by F. G. C lapp with th e dri ll er \\' ho lived at P incher creek .' 

"Surfa('C clenition 4, HO feet (lato"t data giyes ll'atorLon la ke 4,202 foot) . 
D epth I, 984 feet. 
H a rd lim eRto ne 1, 150 feet . Tl.eel sand at 1, 200 feet . 
Blue ma rl 200 to 300 feet. D eptlt of bottom. 
Soft to about. . ............ . . 
] la rd st reaks 100 feet. 
Soft bro ll'n "ha le, cav ing, show of oil. ... 

. I , 460 to l , 560 foot 
I 800 " 
J :900 " 
l , 984 " 

" Da led from o.00 to 12.00 o'c lock about 5 hb ls . of o il. Wa not pumped a nd no 
t ubing was put down. Dri ll ing fini shed i\Ia rch, l!l07. 

" :-;(afford says well would h;1vc bern an 18 or 20 bbl. producer, but lost tools and 
cavrd , fis hed for a yr;u· un ti l comp;rn,,· became disgusted. f-iays t his is the only well he 
sa"' \\'hi ch looked like ;1 producC'r." 

.\I I th r \\' C' ll s srf'm to have bC'Pn stopped up wi t h too ls 01· debris ;i,ncl ma ny attem pts 
have been mad C' to l'ie;u1 out the Lin elmm well , h11t \\'ith little success. D11ring t11C' summ er 
of 1910 1t· w;1s rC'porled tlrnl th i ~ h;1d been ;i,ceomp lished, hu t the cleaning apparent ly 
r esu lted on ly in I hC' reC'overy or about .. 1. barrels of o il. During the past season a not her 
ho le \\'as being dri lled nea rby. Th C' elevation g iven for thi s locat ion is slightly over 15,000 
feet \\'hi ch indicates a r ise of 1,000 feet in Cameron brook a boYe \\°;1tC'rton la ke, so thC' o il 
S<'f'P was foun d in the \\·ell in heels slightly below the level of \\'at<' rlon hl ke a nd in t he 
hC'ds of the Belti a n terrain. Oil may be said to have been found at two hori w ns, one in 
li1C' ove rr idden C'rC'tacC'ous a nd the other in the overl y ing beds of Cambrian qunrtzites. 

l n the well drilled nea r the lake t here seems little d oubt that t he dri ll pcnf'trnl.ed t he 
do lom ites of t he Wate rton fonnation and entered soft sha les, which seem to he C retaceo us. 
T he wne of the overLhrnst w,t~ apparently p~n e l; ntted at a bout 1 .. 50:) feet,, a lt hough n t 
1,900 fef't ;i,ncl lower the beds \\'ere probably ;i,ffec led by crumpling and folcling , aq shown 
in the caving Lim(. s topped t he work. Evidently samples of t he drilling were obta ined l>y 
D a ly \\'ho t hus reports on t his we ll .' 

" The demonst ml ion t hat t he t h1· uPt-pbn e p1lsscs under the C l,1rk range is not as full 
as th;it :tddu rerl by \\" il!is for the Lewis range. In the more wester ly rnnge the nat ura l 
rock cx posur0s in the Hound ar.v :t rc not of themselves suffici ent. to show the f1tct. The 
reason for believing tlml at lenst t he eastern par t of the Clark Rang<' b lock has actua lly 
OVPrridd C' n t he pl a ins strata is fo11nd in the log of Lhc deep boring made by tlw \\ '('~ te rn 
O il a nd C'oal C'on1p;ui,v :1 t C'amC'ron fa ll s, on the west s ide of \\ 'ater ton htke. At t hat point 
t he drill penetrated 1,500 fC'ct of s ilirf'ous dolomi tC'S \\'h ich , as ;i,bove not ed (pagC' .'i:i ) form 
the down\\'ard ex lens ion of t he Le\\' is sC'riPs . :\ t that depth the drill sudclen l.1' en(C'rC'd 
soft sha le wh ich cont in11cd for :rnothe r -J.00 feet, \\'hC'n t,he work \\':lS sto pped a nd t he bore­
holr for the time at least, a bandnn C'd . These shales have been C'xarn ined hy :\ [ r. 'I'. Denis, 
of 1·l1 e Canad ian Df'partment of Min es, a nd by i; he writer; t he mate ria l proved to have the 
habit of typ ical Cretaceous, probably Benton , sed iments. Thei r colour, softness, and 
carbonaceous eharncte r are quite d ifferent from those character izing a ny pha5e of the 
l .ewis Sf' ri es; on the ot her hand t he sha les a re se1rnihly ident ical "·it h foss iliferou' C!'Ctftceous 
bed s occurring br low t he thrns t-pbtnC' at Chief mou nta in. 

" H ow much Ltr(h('I' wf'st t he t hrns t has r a 11 sf'd t11C' superposit ion of the 13elt terrain 
on t 11f' C retaceous can on ly he !'OnjPctureJ. H is not impos3ible t hat t he enti re C la rk 
range in thi s rf'g ion represents a gig;intie bl ock lo:iseJ from its an('ien t foundation s, like 
t he i\t[ount W ilson or C hiC'f :\[ 01 111tain 1rn1~,;ifs, ;rn cl lurlil .'· forced over th e C reta ceo us or 
Carboniferous fo rma tions. l n that <"lSf' t.he thruqL would have dri vC' n the block at. least 
40 miles across co unLr,·. ~uch a speculat ion is of some in terest in giving one explanation 
of t hf' C'1mrnation of gas a nd petro lP11m in the Flathead valle.v and in t he hear t of lhc Belt -

I "Petroleum and :\'alura l C:t!'i He :.ourC'("; of c~11wda,'' \·ol. 11, p. 32 7, Pu b :\o. :?!) I . :\ f ine-.; Br~1nch, D ept . of 
~f i n(':;, (\1 nada. 

'Geo!. :-;un·., C'ai:ada, .\fc;n . 38 , pp. DO·U I (1912). 
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Cambria !! rocks al Lower· E:inlb lake. ThPsc h vdrocarbons wo11 ld t. lrns he considl' rPd :ls 
origi nal ing in t he Carbonife rous limestone or· in ·I.hp C'rPtaceo us se. lill1 cnt~ 11 ndPrlving the 
thrust-pl a lle. :-;inrP l hc Carhonil'Prous lim estone is highl v bituminous, th;ll fo rmati o1c 
would nal 11rnlly o ffrr a ll original so urce for t he oil a nd gas. 

"On t hl' o t hr r ha!!d , a sccoml hypot hrs is nmv he fram ed , \\·!irrr !Jy t he' srl' pngrs in I he 
}'l:tl l1rad va lley a rc l houg ht to originate in I hr Carhon il'crous limcstonP wh i<' h was fault rd 
cl01rn dming the format ion of tlw 'l'Ntia r.\· fa u! L-lrou~l1. wh ilr t he seepage' al l\:intl:t la ke 
a r0 int Prprctcd a~ l' rn :rn:t l ions frn m C'arhon il'c• rou« limestone lor: tlh' und r r l hr11st on l he 
wrst side of the m ai n s.n1C'lin r of lh0 Cl:trk range. 011 this view t he \\ 'aterlOll Lake thrust 
nrrd noL extcll d mueh fa r the r west Lhan I he lake i tse lf. 

''O r, t hird ly , one mig ht ro rwrive t hat Lhc l wdrocarbon~ orig i1rntrd d in'r ll .'· in I he 
l3e lt ian roc ks themsr lves so tlmt the existellCC of the sec pagPs wo11 ld ha,·c no di rect heari ng 
o n, or affo rd no proof of, a ll y l: trgc-scale thrust pl a ne ben eat h t he westr rn slorc of Lhe 
rctngc .'' 

:-;illc·r the• above was writlrn t he discovr ry of oi l in t he foot hill ..; f:trl hr r north pro ves 
the petru lifl' 1·0 11s character of I he lowe r part of t he C rel:tccotw at le,1st ,lll d t he kn ow n 
a moun t of rarbon slorcd :l\\·av in these measures in coal scams Le nds to con firm D alv's 
s uggcstiu n I hat these measun;, and the Carboniferous lim estone a rc :I bO lllTl' of t he o il. 
The presence of C reLar·Pous coa l-bearing l'O('ks in the l•' l:tthcad vall C'y wrts not t he!! k now n, 
but if I Ir<' Cretaceous is co 11 s ide 1·ed '18 poss ilily ul!llc- rl hl'llst on t he west , addc.I st re nglh 
is given t o his sC'c·o1i< l t hcory of llll' o rigi n o r t he o il a nd gas :1t 1\: in t la lake and :-;ag:' f'l'eck. 

The' 1n·r sC' nce of o il in L! lC'se :rnricnt rncks lrns IJPC'n v:triously :1rcounlC'.l for, but the 
lig ht s peci fi<' g r:tvit,v of the oil s ugg<'s ts t,h :tl it was introtluC'ed in Lhc form of vapDur which 
uril ikP oil did noL need t hl' prrsencc of \\'<Ll f' r in t he rocks fo r its upwad t rnllsfcren('e . 
ThC'sC' v:1pot11·s, o riµ;inating at. dc·pl hs, C'O uld rcadil .v p<'11el rat e t he broken zon0s in t he 
<1vC'rl,,·ing I hrnst _liloc·k an d n 'a rh Lhc bedd ing plan es of t he thi n-bedded , t hough con1pa<'t 
rocks of t lw ovel'l .\·ing rneasu1·ps. The de pth lo whic h l he overridde n roe· ks \\'C'rr fo reed 
:tncl 1 he grc:1I load pl acC'd on l he1n would providP the JH'CSS UI'l' and t e mpera( urc for th e 
d istill a t io!l oft he h\'llf'O('arho !! s of which Lhc C 1·eL<tl'C'O t1s is kno\\'n to ha ve' :rn abundance. 
The nal ural pat h or't he ascending v,1 po urn \\'Ould be a long l hc porn us beds of the C'rc t :1ceo us 
if this path were !I OI int c rnrpl cd Ii:\' fau lt d is placements; he nce t he anticlines in fronL of. 
the mounta ins nre possibl e reservoi rs. lt is evide nt, ho\\'eve r, that the o \·e rthrusl c· o,·e r of 
C'amhri a n rece ived in its fmctu res some of t he vn pours a nd h,v mC':!lls of the beddi ng planes 
a nd (' )e:rv:1gcs th e,v \\'C' re dispersed. The rock 1n ass is ve ry co mpact and would not ap p;Lr­
e nt iY al>so r h 111 ue h of the co ndensed oil. 

Th <' q11 :1l' tzitE'S d ip generall y to the sout lrn·esl and at the l ntcrprovinrial B oundary 
at ta in l heil' g l'eatl'st depression , t henC'c \\'est.ward a long the Bo und<U',\' t hey r ise grndu,lli y . 
Jt sc•en1' p ro bable t hat a l t lH' point of g"ealesL d ep,.css ion, aL the ee nll'e of t he sy ncline, 
there is :t L'OrlC'e:dcd ?.o ne of vl'l'tiL·a l l' rar tu ring ,,·hi c h would ser ve as a vent, through " ·hich 
lhC' vapo urs i'l'orn the' hori zon of dist illa t ion might l'i se to lhe man.'· intrrst icC'S of lhe hcddillg 
p la nrs a hovf', a nd the~e lici nµ: al highe" e lev:Ltion and s ubj ect to less prC'ss t1re, ,,·ou ld fo l'l!l 
condensing ('hamlirrs. ,\ Yertical sedio n aeross the licds ( Vigun' 7 ) has lil'cn c·nnstru<'lrd 
from t he ptriilis hed report of Dal.'·, t o whi c h is added n sugge~led poss ilile ou tline of the 
concea led 1111dersl ru f' l l!l'C, in whi e h th is s t1 ppositio11 of lines of upwa rd t r;tll s i'C'l'PIH'e is 
ind ieat f'd. .\s rat her less is kno,,·n of thC' co ndi t ions at the wc.' le l'n Ltult line no s uggPsl inn 
is mad e as to the character of the un d<'l'l hrust rocks which may have so nic influence in 
the produdion of o il and gas at. 1\i ntla lak e. · 

Thr di spC'rsal of I he vapou rs \\'OU Id be from t he decp-seatPcl fractures . or these, two 
arC' indi calcd in I hC' I hrust fau lls at e il hc r s ide of the fa ult b lof'k. 

ThC' eas((' l'll thrusL plane co u!d no t be cons idel'ed :ls a n o pen vent; ils low in f' li na t ion 
prC'f' ludes peri ods of re lief of co mpress io n . . \ s the cen t re of the s.vnc linc \\·ou kl a ppea r l o 
m a rk I Ir" C'XtC' nt of l he over t hrnst, and may be the loc us of s ubmerged open fractures, 
t h; s point is llw rnost. probable place fo,. l he dispersal of ascend in~ vapouro. l <' rnm I hi s 
place I hr deposition or petrole u m nlong t he bedding p la nes \\'Ou ld be clrnrnctc riwd li.v 
c hanges in spC'c ific grnvit ,v, the lig hte r o il s !ici ng found nL g ,.e,ite r d istan ces frnlll the source 
,,f the n1pou rn. The obser vat ions so far recorded am not at V<'l riance with t h is d ed uclio n. 
The oil found on :-;nge creek in Bri t is h Columbia is of much lower spec ific grnv ity than 
t hat of Cameron b rook , in Alberta, and s uggests a di spersal towards the we8L, or from a 



66 

rnrdian point which would be nearer Cameron brook tha n Sage creek. The analyses which 
follow, though not complete, indieate this d ifference. 1 The fo llow ing a rr the results of :in 
examinat ion made of t hese oils by the Provin cia l Assaye r: 

Specifi c D egree 
No. \\"here obta ined gravity Bau 1n 6 R ema rks 

l From tubing of bore-hole in Albe rta, 
5 mil e:; cast of summit. 0· 879 30° Dark C'O lou rcd, heavy oil com mences 

to d i;t il over at 90° ('. 
2 From seepage at same po int . . 0· 879 30° 
3 From "B ig Oil Springn on Sage 

creek, D.C. .. . . . 0 ·828 40° 1D a rk green oil; commenced to di s-
t i! off at 90° ('.; 90 per cent of oil 
di;tillecl off below 200° C' ., leav ing 
JO per ecnt of t lii ek da rk o il con-
t ain ing tar , which latte r i; cstim at-
ccl at 5 per cent . 

4 Fro m hcd of Sage creek near above 
(Leckie spring) . . . . . . . . . . . . 0 818 42° L ight amber-co lou red oil: comm en-

eccl to dist il off at 90° C., leav ing 
2·5 per rent d a rk heaYy o il con-
ta ining son1e tar. 

1Appl iances were not availabl e for complete or fur ther fract iona l distillation. 

The above a nalyses , though not conclusive, suggest e ither a condensate from t he 
eastern source or if from a western sou rce a conden~atc from materia l of d ifferent character. 

Some of t he debris from the denudation of t hese mountains has been preserved in the 
Flathead valley in the Kishinena format ion. The minute particles of oil known to br 
present th roughout t his fo rm at ion may have been derived from t he surface evLLporntion of 
oil on the monntain s ides then subj ect to erosion. 

The prcscn t available supply is still no t de te rmined. Drilling has perhaps demon­
strated that in the moun tai ns t he ant iclines are not t he struct ures most favourable to t he 
retent ion of oil. On t he assum pt ion of condensation i t wou ld seem that the oi l might be 
retn inecl in the synclines or monoclines a nd where seeps occur they expres5 a clniinnge 
from the heel s project ing above the level a nd in some cases a buoying of the oil upwa rd by 
surface 'rnter drained from higher parts of t he same beds. 

TURNER VALLEY FIELD 
By G. S. H ume 

Referen ces : Sli pper, FL E.: "Sheep River Gas and Oi l Field , Alberta.' '; Geo!. Smv. , 
Canada, l\Jem. 122 (1921). 

Il ume. C: . S . : " Turn p r \" a llev Oil Arca, A lber ta" ; Geo!. Surv., Canada, 
flu m. R cpt. 1926, pt. B (1927) . 

i\IcLearn, F. H., and Hurne, C:. S.: "Stratigraphy :rnd Oil Prospects of 
Alberta" ; Bu ll. Am. Ass. of P ct. Ceo!. , i\Iarch, HU7. 

(S ee Figure 8) 

INTRODUCTION 

Turner Yalley field (locality 1, Figure 4) is about 35 miles southwest 
of Calgary and lies within the foothi lls belt of folded rocks. The field has 
been described in Memoir 122 by S. E. Slipper. In 1926, the present 
writer made a further study of the structure in relation to the wells t hen 
drilling and a report on t his work constitutes part of Summary Report 
1926, part B. The general outli ne of the stratigr::tphy and structure, and 
the details of drilling as given here, co ntain the informat ion available up 
to the end of the year 1926. 
--,- Hcpt. of .\l ini;tcr of 'l ine3, B .C ., t90:l , p. 88 . 
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LEGEND 

~ BELLY RIVER FORMATION 

~ " BENTON" FORMATION 

OJ Rock outcrops 

[8 Coal seams 

~ Fault 

G3 Synclinal axis 

~Well 



S
'J

'R
A

'l
'I

G
H

A
P

I 
lY

 

Ta
bl

e 
of

 F
or

m
at

io
ns

 

ge
 

} c
or

m
at

io
n

 
L

it
h

o
lo

g
y

 
D

ep
os

it
 

T
o

po
g

ra
ph

ic
 e

xp
re

ss
io

n 

;-.
 

d 
P

as
k

ap
oo

 
L

ig
h

t,
 a

sh
-c

o
lo

ur
ed

, m
as

si
v

e,
 

F
re

sh
w

at
er

 
E

ro
d

ed
 

in
to

 
ir

re
gu

la
r 

hi
lb

 
sa

n
d

st
on

e 
b

ed
:;

, 
g

re
e

ni
sh

 
an

d
 d

ep
re

:;;
;io

n:
; 

<:, 
cl

ay
s 

an
d

 s
ha

le
s 

E
d

m
o

n
to

n
 

D
ar

k
 g

re
en

 c
la

y
s 

"
·it

h 
h

ar
d

, 
B

rn
e

ki
sh

 a
nd

 
U

nd
c r

l i
e:

; a
 b

ro
ad

 d
ep

re
ss

io
n 

gr
ee

n
is

h 
sa

n
d

::;
to

ne
s.

 
A

 
fr

es
hw

at
e

r 
fo

rm
ed

 
in

 
up

tu
rn

ed
 

bc
cb

 
f•

ar
b

o
na

c·
co

u
8 

h
o

ri
zo

n
 

a
t 

ca
st

 o
f 

T
u

rn
er

 v
a

lle
y

 a
n

d
 

b
as

e 
ex

te
n

di
n

g 
n

o
rt

h
 w

es
t w

ar
d

 
to

 P
ri

d
d

is
 

B
ea

r p
aw

 
lJ

 la
c

k 
sh

a
le

s,
 

ca
rb

on
ac

eo
us

 
~f

ar
in

e 
in

 p
la

ce
s 

:;
: 

B
el

ly
 R

iv
e

r 
Li

l-(
h

t 
g

re
y

 c
la

y
s 

an
d

 s
ha

le
s,

 
B

ra
ck

is
h 

[;
p

tu
rn

cd
 

b
ed

s 
fo

rm
 

g 
li

g
h

t 
g

re
y

 
a

nd
 

g
re

en
is

h,
 

w
at

er
 

pr
om

 in
cn

t 
ri

d
g

es
 

;;;;
 

m
as

si
v

e,
 

an
d 

th
in

-b
ed

d
ed

 
sa

nd
st

on
es

. 
A

 c
oa

l 
sc

am
 

a
t 

th
e 

to
p

 o
f 

th
e 

fo
rm

at
io

n 

0 
"l

le
n

t.
o

n"
 

B
lu

e-
b

la
ck

 s
h

a
le

s 
w

it
h

 s
ev

er
-

1\'L
1r

in
e 

In
 

co
nt

ra
st

 
\Y

it
h 

th
e
 

B
el

ly
 

-0
 

a
l 

th
in

 s
an

d
st

o
ne

 m
em

b
er

s 
R

i,
·e

r 
ro

c
k

s 
th

es
e 

ar
e 

" ... 
ea

si
ly

 
er

o
d

ed
 

a
nd

 
fo

rm
 

0 :c 
v

al
le

y
s 

~
 

B
la

ir
m

o
re

 
T

h
in

-b
e

d
d

ed
, 

n
i

ri
c
g

a
tc

d 
L

a
nd

 a
nd

 
F

o
rm

 r
id

g
es

 
sh

a
le

s,
 

m
as

si
v

e 
an

d
 t

h
in

-
fr

es
hw

at
e

r 
b

ed
d

ed
, 

g
re

en
 

an
d

 
g

re
y

 
(p

la
nt

s)
 

sa
nd

st
o

n
es

 

K
o

o
te

n
ay

 
C

o
al

, 
b

la
ck

 s
h

al
es

, 
an

d 
h

a
rd

 
C

o
nt

in
en

ta
l 

D
oc

s 
no

t 
o

u
tc

ro
p 

in
 T

u
rn

er
 

s a
n

d
st

o
ne

s 
\-

a l
le

y 
a

re
a 

I 

~
. 

t 

T
h

iC
'k

n
es

s 

F
ee

t 
cl

,0
0

0
±

 

l
, 3

00
±

 

1,
80

0 
to

 
1,

90
0 

2,
50

0 
to

 
3,

00
0 

Jl
la

ir
m

or
n 

an
d

 
K

o
o

te
n

ay
 

1,
00

0
±

 

,. 

R
em

ar
k

s 

In
 C

'c
rt

ai
n 

pl
ac

es
 a

 e
o

ng
lo

m
er

-
at

.ic
 s

an
d

st
o

ne
 w

it
h

 q
u

ar
tz

-
it

e 
p

eb
b

le
s 

up
 t

o
 3

 i
nc

h
es

 i
n 

d
ia

m
et

e
r 

is
 e

xp
os

ed
 a

t 
w

h
a
t 

is
 c

o
ns

id
er

ed
 t

h
e 

b
as

e 
of

 t
h

e 
P

a:
;lr

np
oo

. 
B

el
o

w
 t

h
e 

c·
on

-
gl

o
m

er
a
ti

e 
sa

n
d

st
on

e 
IS

 

1-(
re

c
n 

cl
ay

 s
ha

le
 

pr
es

um
ed

 
to

 
b

e 
E

d
m

o
nt

on
. 

T
h

e 
d

iv
is

io
n

 
is

 
n

o
t 

rn
a

d
c 

o
n 

fo
ss

il 
ev

id
e

nc
e 

K
o

t 
d

ef
in

it
e

ly
 

kn
ow

n 
to

 
b

e 
pr

es
en

t 
in

 
T

u
rn

er
 

Y
a

ll
cy

 
a

re
a 

-
-

F
os

si
ls

 f
ro

m
 t

he
 u

p
pe

r 
p

ar
t 

of
 

th
e 

" 1
3 e

n 
to

n
" 

a
pp

ea
r 

to
 b

e 
M

o
n

ta
n

a 
ll
l 

ag
e,

 
w

h
er

ea
s 

lo
w

er
 d

o
w

n 
C

ol
o

ra
d

o
 f

o
ss

il
s 

ar
e 

co
n1

n1
on

 

In
 

B
la

ir
 m

o
re

 
a

re
a

 
th

e
re

 
a

re
 

tw
o

 
fl

o
ra

s,
 

a
n

 
up

pe
r 

d
ic

o
ty

le
d

o
n 

fl
o

ra
 o

f 
U

pp
e

r 
C

re
ta

ce
o

u
s 

ag
e 

an
d

 a
 l

o\
\'e

r 
cy

ca
d 

fl
o

ra
. 

O
n

ly
 t

h
e 

lo
\\

'e
r 

h
as

 
so

 
fa

r 
be

en
 

fo
un

d 
in

 
T

u
rn

er
 v

al
le

y
 

A
 n 

1z
ed

 i
n 

w
el

l 
sa

m
 p

ie
s 

0 ...._
, 



68 

Pre-1\ oolenay .Sediment.~. ln a former report! the sedim ents unclerl.\·ing 
1. he I\"oo te na.\' of Turner y;.:t\ le.\' \re re assigned lo t he F e rni e of Ju ras:-;ic age 
1llld the be lief \\'as expressed f·hat there we re 400 to 500 feet of these strata. 
ll 1rns assn med a lso t bat these Ferniest rala rested clireC'th· on Palreozoic 
li11wslo nc and dolomi te, alt hough it 1rn,s suggested so 111 e ·Tri assic might 
be present. Tlwse cl ecl uctions regardi11g the pre-Koolcna.\· scd imc uts 11·cre 
f h<' resul t of inform at ion obtain ed fro 111 1.he scelion of pre-Kootena.\' 
strnh1 ex posed on Can_\'on creek on t he ensl l:l id e of :'lfoos<' 111 ountain abo ut 
25 111il cs nort h11·est of Turner YalleY. This is the nearest sec tion to Tmner 
vall ey avail a bl e for c01we ni e11f sl L1dy. 

At Can.\'on neck t he sect ion is a,; fol lo1rs: 

Koot cn: 1.\· format ion . 

l·:ros iona\ unl'onforrn i t,\". 

FPrniP formatio n ....... ........ . 

Eros ional inlC'n·al .... . . . ... . , . 

. Th is C'O nsi:-:ts of san·lstones. slia!C's, an •! C'arriPrl :-;0 111 c roa l 
st>;t11 1s ne:t r Lhc lop. The lop i,; (kfi110d b,· hea,·y heels 
of conp; lom0ratp al, the ba~c of the Blainnor0 for11 1: Ltion . 
Till' tl 1i ('klll'" of the K oot011a,· is 2:i0 to 27:) feel. 

. Tliis i...: quitP n1ark t>d in Oll l' t•xpo:·wd se('tion, bui no llll'a:-;un'-
111Pnt:-: of 1 lil' :u 11 ou n l of Cl'o:-:ion arp a\·ailabk• . 

. Thi:-' ronsist:-: 111 0:-;tl\· of marine dark shal (';-; with ;-;o!ll(' 
li1110stone i>all'l s. · ln various pl:tc·p,; lll'lr111nites :trc 
pre;-;ent in profu;-;ion. The tlii<'kn(•:-:s is 200 to 22;} ft><>f . 

. Th c c·h ara('ler of thi s er os ional inll)ITal is not known, since 
t lie C'ontact of the Fcr nie \\·it h the undcrl.\·inµ; li1neslolll's 
was not ohscrvC'cl. I t j:-; t liougli t, ho\\'C'\'C'T, that at t 11 is 
plaet• t IH' two fo rmations arc «011fon11ab1L) . 

Pal :.c·n~o i« limc:--toncs an I dolo111il PS . Tl1e upper bC'd (" ') JJ"i ist:-: or \"C'l'Y dark ehcrt.v lin1pston(' whic- li 
pa:--;.; ps downward:-; into mon' sha\.\· lirnesto1u.•s. .\t an 
liori;,,on within tl 1is fon11atio11 tlil'r<.' arc se\·cr:tl hinds of 
hi,1.!;hly porous do l rn1it f's separa1Nl by rnon• <ll'llS(' l:iy('rs. 
Hl'\o\\· ll1e dolorndcs the li11H•sionps are dense and whi1P, 
but cav(• rn nus in pi< tr·Ps. Tli pdolon 1i tc hm·il',On is tl1nugl1t. 
to C"Wl\'Spond to the produc·tive hcrr ii'ion in l !o,\·a\it<' :'\o. -~ 
an:I other "·ells in Turner \·ail (' ," Th e age of thP li 11 1p­
stones and do lo111i tl's i ~ not del1nitrh· knO\\·n. but :l fl'\\" 

poorly p1·e,cr1·cd eornb a rc prrc<PJJt a'11d the'e apparently 
arc Pal:..cozoiC'. 

The only other sectio n Lhat has been st ncli ed with 11·hich Tmner 
va ll C.\' m ay be co m pared is in Banff are:t aliout 60 miks to the norLlrn·est 
of Tmner valley. At ~Iinnewanka lake near B a n ff, according to i-;hi 1 nC'I'~, 
t he section is as fo llo\rn : 

Alesoi'ioie 

Pal ~c noic 

.J urassiC' Fernic format ion . 

Triass iC" ~pray I ~ iv er format ion. 

Permian Hoc·k.\· ·1\l oun tai n q uartz i te . 

Penmn·I,·anian . 
. all'I 

:\1 i:-;:..; i:-:si ppi an. 

) 
f l: undl0 fon11:1tion. 
J 

~\1 iss issi ppia n- Banf'f for111at ion .. 

T)evonian -.J1 i11ncwa 11 ka fonnntion . 

lllu111c, U. :--i.: ··Turner \'u lk•.i-· Oi l .\re:l , .\lbcrh"; :-:lum. H.c;H. IH2G, pt. B . 

Feet 

I .:iOO 

.500 to !iOO 

1. 450 to 1 . :;oo 

I, 200 

2 .. 100 

2!'-l hi mC'r, JI . \\' .: ;,l.ppcr Palm.noic Faunas of the J,akc ~l.inne.vanka :Section nc Lr Ban ff, .\l herta''; .\ Ju .... Bull. 
Ko. ·12 ( IUZo) . 
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The section in t h0 Yi cin ity of Ban ff 1, according to \\-a !'rcn , is as fo ll ows: 

)1 C'sOZOif· 

] ala·ozoiC' 

( 'rC'taecous- 1\ootena,\· . 
. J ura~s i e-Fcrn ic . . 

Tri a:--~ i e Spray H ivcr 

Pt• n n~yl\· anian l!o<'k,\· :\l ountain q uartz;i !C' .... . ..... . 

~r i"issippian- Hanf'f. 
D C'Y oni·rn :\1 in 11('w:1nka 

L' pp01' pu r l . 
Lower pa rt . 

700 

2. 400 

1. -WO 

1.000 
1. noo 

It will lw n ot0cl th ;1t f' hi1n 01' assig ns th0 Hock,\' :\To unt 11 in q uartzite 
io lhc P cr rni a n, \\-h crcas \ Varrcn assigns i t to t h e P ennsylvanian. Although 
lhi fl seems to he a con tradiction i t is, in l'cali t ,\' , not a vc l'y r:;c ri ous cliffcr-
0ncc, s ince the age d etcrminalion is dependent on t h e valu e assigned to 
various fossil s . The cliffcl'C' n cc tends to emphasize the clo.-cness of the age 
r clalionships bct11·ccn t h e P ermian a,n cl t h c Jatc P cnnsylvm1ian , and \Varren 1, 

all hough co ni e n cling 1 h a l th0 fo ssil evid en ce i ndieatcs P 0nnsylvanian age for 
lhc lower parL of the H ocky )fountain quartziles, a dmits t hat t h e upper 
part m ay he Permian. 

In a pamphl ct2 recently prepared fo r t h e Second (Tri ennia l) J\Iining 
a nd l\IC'ta l I u l'gical C'ong!'ess h,1' the P el roleurn sect ion of 1 h e Can a di a n 
Insl itu lc of )Iining and )fota llmgy t he sand productive of oil in H o rn e 
Ko. 1 a nd Dalh ousie No. 5 well ;; in Turn e!' valley i;; t e n lali1·e l,1' assign ed 
lo t he Jtocky )Io u11 tain qu a r tzitcs. lf this is so a ll the strata below thi s 
hol'iwn must ne(·essaril y lic long lo the P ahcozo ie . T hi s wo uld g reat l.v 
r estrict t he thickness of the Fcmi0, to " ·hi ch in Summ a ry Heport 1926 
I he wri ter aflsig rwd at h iek rwss of 400 lo 500 f'0e l , bul in v ie\\· o f' llw abse 11 cc 
o f proof of the exact age of these 10\rer st rat a i t seem s prefe ra bl e f'or the 
prese n t lo leave l he q uest ion ope n until fossi ls f'ro1n th e c·on';; of pre­
l\:ootcnay ;;trata take n from D alh ous ie Ko. 1 we ll can be st udi ed in detai l. 
J L shoul cl he rc rn emhcrcd llrnl prese n t inf'o l'll1ati on rcga rcli11 g the F c rni c 
of the footh ill s indi cat es that in bot h li t hology an d faun a! co nten t t h e 
F c l'lli e is wid ely dilfrre nt in var ious loca li lies a ncl no ex pl a nat ion of this 
fact h as as yet been formu lated, M cLcarn in dea ling with thi s q uest ion 
;;tales:'3 

" lt is d irTirult to expi:lin wh .\' t he F C' 1·nie fo rmati on c:1n iC's faunns of difkrC'nt ngC' or 
ro m position in almost C'V<'I',\' 1ot:tlit.'" T\\'o hunas t h:it c:m lw d:tl l•d h :L \'l? not so far been 
found in any one see! ion and loc:tlit.v . \Vas the F l' rni c a s h ift i11g sea or a SC'a in ll' h ich the 
si tC' of depos ition s hi fted from onr plncl' to :inot 11C'r, i. e., do t he F'l'rniC' st rnt a rPpn•s(• n t 
diff<'rr11 t ranges of tim e in di ffe r<'nt loC'a lit.ies, o r have t he st rata al a ll 1ol'a litiPs ap;Jroxi­
mal eh- the sa me, and a Jo.1g time rangC' , and is it Ji ,· chance t hat a faun :t of 0111,· onC' ho ri r.o n 
an d age ha s he<'n pn•se r vcd :111d fou nd at a n y l oC': tlit~·.'' 

Add ed to t his pec uli a r fa un a! dist ribution of t he F ernic t here a rc 
also t h e diffe rences in lhc lithological character o f' th e Fcrn ic al differe n t 
localities . An y decision regarding the age of prc-Kootcnay strat a in bore-

1\\'arrcn, P. S.: "Jlan lT Arca, Alber ta": Geo!. Sur v., Canada, :>l c m . !5:J, p. 37 (1D27) . 
'il epubl iobcd in " Oil Xews" (Lon don ), ,·ol. XXL!, '1\o. 7i4, pp . 330- 1 (Oct. I , 1927). 
3'.\ l cLenr.1, F. I-I.: "Horn e Canadian Jurassic Faunas"; Trans. Hoy al Soc. Can., \·o l. 21, pt. 1, Sl'f'. 4, p . 70, 

(1027) . 
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hol es where fossil evidence is not obtainable or is in co nclu.- ivc should take 
these facts into considerat io n, a,nd a lthough it seems much more reason able 
to compa,rc the TurnC'l' Vall ey section with the nearest s tudied outcrops, 
i. e. at Canyon creek , )[oosc mount ain , presen t in for mation would point to 
t he expec tation t hat differences in li t holo!!;y a nd faunal content should 
occur in t he Fcrnic of these t wo places rather than that there should be 
any marked simil arit y, although in bot h cases t he age might be Jurassic. 
These difficulties regarding the am ount o f strata t hat should be ac;signed to 
the Fernie in Turn er vall c.v a rc also in creased by our lack of knowledge of 
the distribution of the Triassic and late P almozoic rocks . Thus, a lthoug h 
there is a thick sect ion or Triassic in Banff area, non e has so far been 
recognized in t he Can~·on C reek, :H oose :\fountain secho n 40 miles to the 
southeast. From t his it rnight be inferred Lhat no Triass ic is present in 
Turner \"a ll ey area some 25 miles st ill farther sou theast, but t hi f' d occ; not 
necessaril y fo ll ow. Also the age of the limestones and dolomites underl y in g 
the F erni c in the C'an~·on Creek sect ion is not definitely kn own mYing lo 
the srnrciLy a nd poo rl y preserved cha racter of the fof'sils , a lthou gh it 
ap pears to he Palrr-ozoic. Its exact equiYalcnls in Banff a rea arc, therefore, 
a urnlter of doub t, a lthough judged on stratigraphic positi on and such 
fossils ev iden ce as is aYail able it \\·ould be inferred t hat it probably is 
Rundle in age. 

Blairmor!'-1\ ootenay Formation8. The Bl a i rm ore wa::: o rigi n all~r called 
Dakota, lrnL it is now kn own that t he fo rma ti on is of pre-Dako ta 
H!!;C. Th e name D akota , therefore , is noL applicab le and the name 
Bl ai rmorc , from Blairmore area in south,rest Alberta, i;.; Ul'Cd here . 
In Blairlll ore a rea, a ba;.;al member of chcrt y conglomerate se parates 
the Blairmore from the und erlying K ootc nay, hut sin ce thi s co n­
glomcrnle h af< noL been recogn ized in well samples in Turn er vallc» 
110 sat isfactory cliYision bet wee n Bl a irni ore and K ootc nay i:-i po:<siblc. 
The absC'nce of the conglomerate in Turn er valle~· is rat her su rpri sing , 
because, according to Rtc wa rt ,t t lw conglo111eratC' h as lwe n traced fro m 
C'asllc mount ain in C'ro\\·snest district north\Yarcl to Bow river, a di s ta nec 
of 120 miles. RinC'e thi s co ngl olll e rale forlll s a good horizon fo r struct u ral 
n1 a pping in t he foot hill s tlw fo ll owing desc rip tio n by Rtc,1·art i:< wort h.v of 
atten ti on. 

'The conglomeralc is nrnclc 11 p of ,,·ell-ro11n d0d prbhlcs of bhtck, whil·e, a nd greenish 
chert. set in a ha rd , s iliceous matrix. The pebbles have been "·ell sorted and are of even 
si~f', :1vcmging from 1 lo l .~ inches in diameter. T he heel nvcrng0s from 6 lo JO fcf't in 
th ickness and rcarhe~ 30 feet in places. The contact with the underlying l\.ootenay form­
at ion is ronfo rrn ahlc a nd in most places the conglomerate grades in to sandstone upward and 
downward , and in t hr Prrstc m part of Lhc B la irm orc area, horiwntally a lso . The conglom­
rrntc in pl:tccs is .50 feet rdJove the uppermost coal scam of the underlying Kootenay 
fo rmut ion. and in other places it prncl,ically form s t he roof of the ~cam. " 

l t is worthy of nol ice that in Hl airni ore area ihc conglomerate grades 
hori zon tall y in an east ward direc tion int o rn nclstonc. A similar condi tio n 
may be the ex pla na ti on of the a pparent absence of conglomerate in Turn er 
valley, but the horizon ma~' occur there local ly a nd it has been ~ecn by t he 
\\Til e r in (he foothill s ( 0 the 1rest. 

Th e B la irrnore and E:oo tenay co nsis t· on Lhc whole o f variegated green, 
chocolate, and red shalci' with green and grey sandstones. On e coal Ream 
has been noted in a number of well s in t he Koote nay of Turner valley. In 
the vicinity of M acabee creek , a tributary of Sheep ri ver, a volcanic tuff 

1 S;ewort, J . S.: "Goolcgy of the Di.i turbc I Helt of Southwe;t ern Alberta"; Cool. Sun·., Canada, ~fem. 11 2, 
p . 2S ( l!ll!l ) . 
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abo u t one foot t hi ck has been recogni zed . The volcanic t u ff co rresponds 
in posit ion Lo th e C romm cst vo lcani cs of sout hwestern Alberta , b u t sill cc 
t he vo lcani c t uff is of very local occurrence wi thin Turn er \'a ll ey area it 
probably is 11 ot, importa nt afl an hori zon m a rke r. 

" B enion" PonnaUon. D a rk 8halc8 wi th a fe w sandstone hands 
of varia bl e t hi ckness occu r immediate ly overlying t he Bl ai rmo rc 
fo rmation. F ossil s from the lo 11·c r fXtr t of these sha les a rc C'olo rado 
in age, bul large Ha culi lcs a nd other fossils in t he upper part a re 
::vront-ana in age . Si nce e lsewhe re the Benton is C'o lo ra do in age, 
l hc nani e B ent on is no l st ri r:l ly appli cable to t hct:c scclimcnts, a lthough 
on nC'co u nt o f the loeal usage the na me is re ta in ed here as " Benton ." 
In Yioose :'.\Iounlain a rea Cairn cst found 150 to :300 feet of d ark ;:; ha les 
wh ich he C'all c'd C'l aggc tt , O\'C rl y in g lhc Cardium sandsto ne C'ontain­
ing C'o lorn do fo:::si ls . There is little d oubt that l hc so-called C lagget t 
of C'airncc-, \rhi eh is )\ lo ntana in ngc, co1Tcs pond :- to lhe t op pa rl of 
lhc " B e nt o n" in Turner \' a ll c.Y a rea, a lthough at present t here i:;: no data 
to :-; how 11·lw tlw r o r no t these sha les should he eor rc la tcd 11·it h t he C' laggctt 
of :\ Io ntan a. The C'a rdium sand stone is not rccogn izn, hle as such in Tmn cr 
\' a lley a rea, so that no diYis ioi1 of lhc " B ent o n" fo r 1napping purposes is 
poss ihl e. 2 • 

\\' ithin tlw " B e nton" of' Turn e r valley arc a nu1nhe r of th in pebble 
zo nes ra rely mo re than l to 2 in ches thick. f-'.o fa r it has not been po:-:sihle 
lo co rrelat e the logs of wel ls by m eans of these pebble zones, a lt hough 
pclibl cs have been fo und in a number of \re l ls. 'l he pebb les a rc rn of:tly 
abo ut l h r size of pen s, a lt ho 11 gh a fr w up lo 1-in c·h in cl iamelc r have bee n 
fo und. The>· com· ist of bl aek , g rey, a nd greeni sh eher t. 

The t hiC' kncss of the " Bent on " has no( been cl cfi n i ( cly dc!c nn ined, 
owing to the fact t hat Yari a blc dips arc encountered in t he wells clrill ccl in 
Turner Y:tllr)', lnit i he t hi ckn ess is C'O nsid c rccl Lo he 1norc l han 2,500, 
a nd less than 3,000, feet. 

B elly Hil'er Formotion . In southern Albe r ta, D ow lin g in cluded a ll 
s tr:lla from the ha;;c of the :'\ i: ilk Hi , ·c r format ion lo t he top o f the P a le 
beds in l he Be ll y Hiw r. Thi ;.; has ;;onie ob ject ionable feat m ef' an d late!>· 
D yer a nd \\Tillialll :-; h :we redr fin ecl th e Bell.'· Hi vc r to includ e on ly Pal e 
an d Forelllosl bed~. The P akowki unde rl yi ng t he Forcniost. is co nsid ered 
t o be C'lngget I. H 1 he top of !lw " Bent on" of Tmn cr n tl ic>' shou Id prove 
lo be C laggelt , as s uggcs lccl in t he report of D. D . Cairn c~, the Bel l>' 
Hi ve r of Turn er va ll ey would the n be eq ui va len t. to t he Be ll y Hiver of 
so uthern Alberta as rcclc-finecl by D ye r an d \\' illi arn s, lhat is " ·mild 
inC'lud e t he s trat a ly ing bcl \\'C'c n lhc B carpa\1· above an d ! he equivalents 
of lhc C laggett shales be lo\1-. Before thi s con elat ion ca n be clrfinitcl» 
e;:;!ab l ishcd, fml her pai<-co n t ologiC'al work must be done. 

ln Turn er va lley the Bel k HiYer fo rm at ion includes abou t 2,000 feet 
of non-marin e s t nit'a con s i s !i1~g of light gr ry, mass ive, and cros~becl dcd 
sandsto nes and gree nish and dark grey sha les. At t he top of t he form at ion 
is a cornm c rc i a ll~· impo rtant coa l scam a nd anot he r coal scam of sm a ll er 

1 Cai rnc~. D. D.: ''.:\ loose :\fountain D i:-:trict, Southern Alber ta''; Ccol :-:ur\·., Canuda, :n cm . 6L (:-:ccond 
Edition ) (1914 ). 

2furthcr field work west of Turner valley has demonstrated the presence of t he Ca rd ium conglomerate and 
sandstone in this general are:-:t and it is now possible to recognize th is ho riion in Turner valley where it occurs as 
a sa ndstone. 
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s izr occ urs in t he upper part of the formation. The uppr rmost coal scam 
ic; mi1wcl in a number o f place". r\ fell" s ma ll conglomerate bands are a lso 
p rese11t in various locali ties. The t:anclston r::; of the Belly Hiver resist 
\rrathrri 11g a11cl , therefore, form pro min ent ridges in t h e foot hili s arra. 

B earpaw fi'ormalion. T he Bearpaw form al io11 has not bcc11 cl din i tc ly 
r ecog nizrd within Turner \'a lley a rea, a lt ho ugh d ark ::; hale'::; overlying t he 
Bell y Hiwr coal srarn may he of this age. To the so ulh of Highwood 
river, Bearpa1r shales arc present and t he th ickncs:o; incrrasr:o; rashrnrcl. 

Ed 111011/011 Formal ion. In the soulhrm foot hill s, acco rdi ng to Rtr1rart, 1 

"The i't. !\Iary River form:it ion ovcrlieg the I3Pnrpaw wit,hout anv cvidl'ncc of a 
i>rPak, the sh: de~ passing l);l":l dunlly upward int'o sancbtoncs, some of which nrc so hip;hly 
calcarPous as to be pract icall.v limestones. \\'i thin tlw lowPrmost 100 feet t here is always 
at least one IJPd composed large ly of oyster she lls with other h·ackieh-water fossi ls in 
lesser amounts." 
Th e brackish 1ra1rr hrcls arr corrrla1ccl ll' ilh thr Fox Hill s of 1hc so uth , hut 
011 account of clifhcullies of Reparation Ste\\·ar t incluclrcl thr111 in the ~(. 
l\hry Hivcr format ion. In Tmnrr \"alley area thr E dm onton includes a ll 
ilC'ds a hon' 1he dark shales 1rhich may reprcsrnt llcarpaw. a11d he lo11· the 
P:1 sk:1poo , that is, it is the ecp1 i\':tlrnL oft he St. :\[ary Hivcr fornrn1ion us 
clrscrihcd by 1-\tcwart. It is not knO\rn if th r hraekish , O_\'stC'l'-l)('aring h('c] :o; 
a rr presr n1 , si nC'e thr lowest heels arc fo r the most part eoncealrd, h t1 t 
S l ipper~ r Pportecl oy::;tc r-hcurin g heel:> at thi s h oriwn on Highwood rivcr 
a11cl i11C'li1cl ccl them in the Edu1onlon forlllation. lt is, thrrcforc , probable 
t hat the Ed m onton of the foot hill s inelud rs the cq ui nilrn1s of the Fox I-li l! R 
s:1 11ds1onr. 

r\e('o rd i11g to Slipprr~ thr Fdlllonton li :1s a11 rsli111akd thickness of 1,:300 
f<'<'( i 11 Tu rnn \'al le.\' ar('a . 'I h e best -exposed section i;:, on t hr so t1t h I 1rn1l(' h 
o f ~her p i 1·C'r in ( IH' viC'i nit y of 1 lw Black !J i:u11011d hricig(' and 11ort lmards. 
r1 IH' hC'dC' ('OW-;is t of "a se ri es of dark grrrn nrnclstonrs \\"ith _\"C'llO\\"i:·dl :rnd 
h:1rd , grrr11ic;h :-;:l!l ds(o nrs, the rnud:.:101ws predorni 1wti11g." ln thr higlwr 
p:trl of the fornrn1ion there a rc numerous horizons of fresl11rn1er rnios :rnd 
Yi 1' ip:ir i. 

Pa.~ka 7100 fi'on11a/ io11 . The division hrt 11·re 11 tlw E d1 non!on :rnd Pas-
k.1 poo is rn a dc o n lit ho log i<'a l di ffcrcn<·r s, and alt hough t h r Pai'ka poo is 
c·onsidcred to hr T r rt iar.1,, \dwrras t he Ed 111on ( 0 11 i-.; al t he top of 1 he 
C' rc1n<:eo us, it is no t a l\\' ay:.: pm:sib le 1o nmkr a satisfacto ry divisio n. In 
a :-;cetion rxposrcl eas1 of t hr hridgr over Fi sh creek al Priddis, a con­
glomrralic sa 11dslon c with quartzite prhbles up to 3 inches in cliarnr1er 
ovC'l' li rs g rernish clay s ha les of Fd 1n on lon a!!;e. lt is tho ught thr con­
g lomerntic sandstone rrpresc nts t lw hasr of the Pnsk apoo a ncl nm.1· hr o r 
morr t ha n local s ignifiC'anC'e , sin ec r\llan4 has r epo rt ed that an erof' ional 
interval separate,: t he Paskapoo and Ed m on ton in 1hc P la in s rr g ion. 

STHUCTUllE 

The slru ct m c of Turner \" a ll ey fie ld as described hy Rlipprr5 is an 
".Antic li1ml fold which is topographi cally in d icated by Turner vrdlcy and its co ntinu-

ation southwest . . . . . The crest has been eroded to a considerable extent, fo rmi ng 

1 Stewart, J. S.: ';Ce·>lo_g-y oft he Di;;t urbe l HC'lt of Southw~tcrn .\ lbcrtf1.' ; Ge)l. i--:un·., Canada, .\ rem. 112, 
p. 4:i (1!11!1) 

:! :-=.lipper, S. E.: "Sheep Hi\'Cr Gn:.; and Oil Field, .\l bcrla"; Gell. Sun· .. Cann.da. J\l cm 122, p. 1:J ( Hl21 ). 
3 Slippl'r, ~. E.: ":--ihC'cp lli\'N C:·iH ~ind Oil Field, .\lben:t"; Cel l. Surv., Canada, .\l cm. 122, p. 10 (1921 ). 
•Allan, .I . A.: "Gcolo)!;_\. of Al ber ta Coa l"; Cal. I mst ~\[in. crnd .\fct., p. 306 (April, 1925). 
6 Geo!. ~- un·., Canada, ~ fem 122, p. 1 l. 
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a centra l va lley up to 2 miles wide in which the underlying Benton shale is exposed. The 
Belly Hiver beds fo rm two parallel ridges on the flanks. The beds on the en•t limb have a 
general dip of 60 to 70 degrees and on the west of .50 to 60 degrees; but thrse dips vary 
considerably aion!!; Lhe fold. :'forth of Sheep river, the Belly River beds on 
the eastern limb show irregular structure ttnd fa rt her north the strata exposed on the 
ridge whic h is app:trrn Ll y Lhe eastern limb, clip west. North of the North branch Lhcre 
nre four northwcst-Lrencling sandsLone r idges on the st rike of t he vall ey, all dippin g 3.~ to 
~O drgrrrs " ·est. lt would srrrn, t herefore, t hat the anLiclinal sLrncturc of Turner v:Li lry 
is replaced by a series of ovC'l"tlirust fau lts at a poinL -lo or 5 miles north of Nheep ri ver. " 

A s lucly of t hr ou tc rors on the eastern flank of t he Turn r r \'a ll Py 
a n t iclin e rrvea ls a cl eciclcd , local cha nge in both dir a nd str ike on t he nose 
Of a hiJ J 1rhi ch rxtrncls 1rrstward from the ma in ridge lo the ce n t re o f f;('C. 
26. t p. 20 , range 3. Sou llrn·ef;t or t hi s pla('C t he ridge fo rming the weste rn 
fl ank or Turner va liC'y i;.; broken in src. 22, tp. 20, range 3, by a dee p Cl'OSS­
vall e.1·. and the ridge nort h of the \Jrca k is offset s lighLly to the east. These 
eo nditio rn; are ex plained by assuming that a normal fa ult. with doll'n­
t h ro11· to t he north cro'iscs Turn e r va ll c1· northeast ll'ard fro111 about the 
cen t re of sect ion 22 :wd passrf' north of t he nose of lhe hill in "ec tion 26, 
such a fau lt being lat Pr t hau the folding of the Tm11rr Val IC'.\' antie lin r. 
Jt'ro 111 t lw in crl':tsr in dip on thC' rnstr rn Br ll_1r Hiver ridge , from souLh lo 
north to11·ard thr fa ult, il is tho ught !h:tt eo nsid<'rnhl e drag-folding is 
inrnlHd with t IH' fa ul ting :ind it is possihlr drag-folding al ong a definite 
Ii nr of' d islocatio n 11111_1· prcdomi na t c over act uni fa u It i ng within the " Brn­
t on" shale:;. The C'ondit ions re f; ulting from fau lting ma.1' lw rxp laincd in 
ilni pos,,ihlr 11·ays : (1 ) b.'· a norn1 al fa ult do11"11thro11·n to thr nort h11·rst, 
l hat is ll'i th t lw pla11p of faulting dipping in the direct ion of t h r down­
t hrown sid r; (2) h.v a thru st fa ul L overt hru sl to t he nort h \\'rst. Both of 
t lwsc c•xp lanat ion;; would gi1'e thr rashrnrd offs<'tti ng of t hr wc:-;!rrn Bell.v 
Hi1·pr ridgr, hut on arrounl of the assumrd pos iti on of tlw f:wlt :u1d ot hrr 
data f'rom dr ill ing, il is 111u C' h n1orr logi cal to assrnne a nornrn l fault. This 
t ra11:<vNsr normal fault div ides Turnrr va l le.'· inl o two cfot in C't typr" of 
st ru C'! t1r<'. To th <' southP:tsl is tlw Turn r r \' :1.ll r \' :i, ntie linr a nd to the 
llOl'lh11·(':< i is :l 11·pshrnrd-dippi11g fault bJo('k 11·it b a thrust faull for111ing the 
di,·i:<io11 i>C't11·ep 11 th<' "Ben ion" :rnd thr Brllv HiYer on thr eastrrn flank. 

In lhP crntr:tl part of' Turn rr vallr_1', ~11 t he viC'ini !y o l' ~h [•r p rivrr, 
lhc' a nliC'lina l st rudurc is we' ll shown b_,. 01itnops of " Bento n" s hal e~ on t he 
b:wks of' ~herp ril'C'l", a!" \\'C'll as h_v th r Hauking ridg('S or l3 e ll.1' Hi1·r r J"O('kS 
exlP 11d i11g 11orll11n'st from I he ri vc' r. Th r :t11liC' linal f;tru ctl1rc• i;.; , ho11·ever, 
111odifiC'd Ii.\' a sharp S_l'll('\ ine on "'.'L: . 6, lp. 20 , range 2, 11·hi ('h i,.: C'IC':tl'i.1r 
v isib le in 01 1l ern p:-; of " Hc•1ito n" f; h:tle on th~ rivr r han ks. To wh:1t exLrnt 
fa ul t ing , if an1', accotnp '.lnircl t his s.1·nelin:tl folding is noL ev id c- nt from 
lhe out C'ro ps. 111 the \'ulc·a n we ll , drill ed (' l o,; ~' to thr ce ntre of sec. 13, lp . 
20, rangC' :3, the P rd reo?;o ic lim~, t.o ne an :l dolomite were p'.'ll ''lm!:;d at a 
drpth s lighll.'· 111 ore l h:t n 1 , ~00 f' t' l' t grPatC'r than in HO.''alit r I\o. -+ 11·rl l 
whiC'h was drill l'd on t hr wrst ::;i d r of' scc . 7, lp. 20, range 2. and an rx:unin­
al ion of l he \"ulc:tn wel l rn 111 plr:-i ;; hows no eviclr nC'e of an_1r st ruct ure not 
ex plain:thl r as du e to sharp folding. lt i:-: c:oncluded , therefore, th at lhr 
\'ul c:u1 11·e ll was drill ed in a c·o 11 I i1111 a l ion of I hc syncli nr v isibl e on S hrep 
ri1·rr a nd I hi s ('Onc lusion is suppo rted b.1' the facL lh:1t a s tra igh t lin e 
joining lhr \ "ulea n 11·ell :wd l he axi;.; of llw sy ncl ine on Sheep ri,·er co1Tes­
ponds in dirrC"I ion to t he ;;t rike of the rork-; 0 ~1 tcropp i ng on Nh:;ep ri vr r . 
lt is fur ther concluded t hat for (his JXtrL of the fi eld t he p ::>sition o( t he 
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s.\"lll'iinal ax i;; l'<l ll he plol! ecl 11·ith a fair c!Pgree of arrmnc_\'. ~ort h11·c's l of 
th e \'u lcan ,,·e ll there is 11 0 :n·ail:thl e data r Pgarding the co un;e of the 
synl'lina l ax is, but since tlw direct ion of t lw a n ticli ne s 11·ings somewhat to 
th e 11·est in the vieinit>· of, and as a result of, the transverse fault, the 
s>· 11C' li11 al axis also probab i>· s 'ri ngs to the \\'est and i:-: t bough t lo reac h the 
transwrsC' fa ul t almost clue south of the Nlol'k111cn 11·c ll. Ninre tlw folding 
prcl'cclecl t h e t ra nsw rse fa ulting , the cxtPnsion o f the \'ulca n s.,· nl'lin c is 
undouhtccll>· prese nt in the fault bl oc k north of the tranc:verse fault , hu L 
o!TseL by it lo the east. Nout h o f Sheep ri,·cr the c',\'lll'lin e c·a1rnol ~·ct be 
d c finit e l.v traC"ccl cmin g lo the absence of o u tcror:ic; and in suffi cie n t drilling , 
but it s prese nce a t t he Dal Ins 11·cll o n see . 20, t p. J 9, range 2, is :-:l rongl>· 
s uggested hy 1. h e lhi ckn cs;; of '·Benton " e n co untered in that 11·C'il. I t is 
l:' hO\rn on the nrnp , thcrcf'orc , as exte nding fr o m Nhecp ri1·e r to the Dnllas 
well , hut it s posit ion as f' hmrn should onl." be acccrited ns be ing :lpprnxi­
m atc . 

Drilling a lreacl.v clon e in the ce n trnl part o f Turn e r va ll ey has cl e m o n­
Hl ratcd i ha t the \'ul can s1·11c lin e cli1·icl es Turn er \ 'aJJpv field into two 
anticlines, o n bot h of 11·hir:h t h e pros pcl'ts for oi l and ins a rc exce llen t. 
It see m ,.,, h o 11·c'1·c r , from well dat a, that eac h of these anticlin es is as.1·m­
rnctrical wit h a 11·eshrarcl-d i pp i ng axia l plan e and i l is s uspected t hat a 
s illlil n r conditio n holds 11·ith res pec t to th e cent ral sy nc·li nc. If thi s is t he 
s itua t ion , the dip of the :<tntta wi ll var:-· from top to ho t tom of a 11·c ll and 
th e a pparC' nl t hi C'k ness of the bed s 11·ill diffe r from well t o well. 111 ll'C'il s 
clri llc cl cast of th e axis of tlw easte rn anlil' lin e the clip will inrrea~c 11·ith 
clcpt h , 1rhe rea" in wells 11·est of the weste rn antiC' lin c the clip 1rill cl c'C'l'ease 
11·ith dept h , prnviclccl the 11·c ll docs n ot pen e trate the ax ial plane. Thus it 
f-·cc n1 s prolmhlc that a 'rc ll o n the 11·cst s ide of the main st ru c:llll'C' ancl 
eo rnpara t ivcly C' losc to t he 1rc,; le rn Bell y Eiver ridge wo uld reach t he sam e 
s tratigraphical ho ri zon a t thC' sam e depth as :t 11·e ll e;ts l of lhe m a in sl rn c­
t lll'C hut rnuC'h farther r C' movecl from the easte rn B e lly Hivcr ricl gC' . 

. \'cw R/ack D iamrrnd .A 11/ic/inc. ThC' Xe11· Bl a<.:k Diamond antielinc 
ii' nam ed after the Kew Bhtek Diamond Oil Company whil'h is drilling~,, 
11·cll on i t in S('C' . 3 , tp. 20, range 3. The fo ld occ urs within Turne r \'nll c.1· 
lllap-area, a ltho ugh it is a st rn ct m c cn t irc' ly cli s tin<'I fron1 I he Tmner 
\' allP.1' a nt ic· li 1H' nncl li es a bo ut 2 mil e;; west of it o n Nhccp ri Yc r. It is 
scparntecl from the Tmncr \' a llc.Y fold b.1· a t hrn ~! fault 11·hich brings 
"Be n ton" rnl'ks int o eon!aet ll'ith the top of the B el ly HiYc r formation, 
indicating a throw of abo u t 2 ,000 feet. T he n est o f th e a nti c lin e a ppears 
near th e no rt lwasl co rn e r of i:lCC. 34, tp. 19, range 3, a nd altho ugh the 
a nticline is p resu m ed lo lie approxi 111alc l.1· parallC'I to the Turne r \ 'a ll ey 
s!ruetme it c·: rnuot be traced n orth or south of Rhc'cp ri ve r clue t o an 
absence of o u!C'rnps. Th e st rat a o n t he cast fl an k near t he c rest clip 45 
d eg rees or 111 o rC' to the no rtheast a nd abou t a ri ua rtcr o f a mil e no rt heai:lt 
of t he X e 11· Hin ck Diamo nd 11·c ll is a :< rnall fault or zo ne of cli fit lll'ha nce 
whi ch , hmrC'n r, is probablv of min o r irnportanC'c . To t he 11·c'st of the C'l'l'S t 
for over a 111 i le so uth wee· I, th e an gl ee; of dip a rC' ra re I>' oyc r 20 clcgrccf', 
but a Yer.I' sh o r t distance 11·cst of see . 3-l , t p. 19, range :3, th ere is a stro ng ly 
di st lll'hC'cl a rc:t in 11·h ich both B lairrnorc and "Benton" ou tcrop. 

8ince the fold in g on t h e X e\\' J31a C' k Di a m o nd anticline is less sha rp 
than on the Turn er \' alley anticline, t h e base of the " Benton " sh o uld be 
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r eached in the fo rm er stru cture at a less depth tha n in thr wells being 
dl' il led in Turne!' n tll ev. It \rn uld ~ecm that t he a nti cline is of co ns icl er rtbl e 
p rns pect ive val ue as an oil - a nd gat'-fieJcl . 

OIL DE VELOVi\IEKTS AN D PHOSPEC'J'S 

Hoyalitc N o. 4 well , \Yhi ch in the a u tumn of 1924 st ru ck a produ cLi vc 
hori zo n in the supposed P a lrno zoi c dolomi t ic st rata a t a dept h of 3,740 
fee t , has co ntinu ed t o produce more 1.ha n 500 ha l'rcls of 72° to 73° Da umc5 
naphtha a cl ay, wit h a n in creased y ield in 1926 as compa !'ccl with that of 
1925. The pl'oduction con sis ts of a flow of 17,000,000 to 20 ,000,000 cubic 
frr t of gas a cl ay, from \\'hi ch the na ph tha is extract ed in t \\' o S mi th separ­
a tors . Dming 1926 t he Vulcn,n Oil Compa ny's well on sec . 13, t·p . 20, 
range 3, reached a prnclu cti vc hori zo n in 1.hc cen t rnl synclin e of the m ain 
anticlin al st ru cture at 5,004 feet in the P ala:ozoic and the dail y ini t ia l 
y ield a moun ted t o bet wee n 100 a nd ] 50 barrels of na phtha. Illin ois­
Alberta \r ell on sec . 12, t p . 20, range 3, a lso reached a produ ct ive hori zon 
in the same seri es of rncks in the wes t a nti cli ne flt a depth of slight ly more 
than 3,800 frr t. This 1Yell has a production of nearly 100 hanels a cl ay. 
The only other well within thi s al'ca so far drill ed int o the P a lmozoic is 
!.\IcLeod No . 2, on sec . 1, tp . 20, range 3, and a lthough som e produ ction 
has bee n sec ured drilling is being continued at th e 1imc of wri tin g . An 
importa n t development in Turn er valley in 1926 was the cli scove l'y of a 
pl'odu cti ve hori zon y ielding 70 to 100 bar l'els a da:v of a pproximately 55° 
Bau me oil, in t he Blairmorc, by the K cw :.VIe D ouga l-Segur wr ll on sec. 12, 
tp. 20 , range 3 . The depth of t he pl'odu cti ve hori zo n is s lightl~r less t han 
2,600 feet and it s discovery gives ri se t o the h ope tha t othe l' well s may mee t 
11·ith s imil ar success . Prior to th e cll'illing of Hoyalit e No . 4 11·cll , a ll the 
produ cti on ''"ithin Turn er v:tl ley came from several hori zo ns of the Blair­
m ol'r -I\:oote nay wh ich y ielded oi l a nd ,,·c t gas a nd had bee n encountered 
in a number of well s; t he y ield of the New !.\IcDougal-Sogur 11·e ll is t he 
la l'grst fl ow oht a i ned from rece nt d !' i 11 i ng from th o Dlai rmorc-I\:oo tcnay 
h ori zon. 

The m axi111u111 dr pth a t which produ ction 'rill be sec mrd on the 
flanks of the Tmner Yall ry a nti cline cmrnot at present be pl'ecliet ed. The 
\"ul can well clrill ecl in the syn clin e in 1.h e cent re of the main folcl , obta in ed 
a y ield int hr Pal mozoic limes( one and do lomit e enco unterr cl a t a bou t 4,865 
fee t or a bout 850 feet belo\Y sea-l e vel, a nd it is reaso na ble to ex pe('L the 
fl anks of t he main a nti clin e to be produ cti ve to the same depth , although 
it is rea li zed produ ct ion m a>' not· exte nd fol' a n equal di stance down rach 
fl ank. lt i;.;, of course, unkn own how fa r belo11· the depth o f the \"ul can 
well a >·ieici m ay he expec ted. H seems likely tha t the extent of t he pro­
du cti ve a !'ea in a northwrst a nd sou t heast cl il'ec tion will cl r pencl m ainly on 
t ho exte nt of the pl'oclu cti ve hori zo n, as st ru ct m a l eo ndi tions serm t o be 
favo m ab le from th e t ra nsverse fa ult in t he nor t h encl of Turner \"a ll ey 
fi eld , to at lras t· the vicinit y of the H om e \Ye ll s in t hr so uth and , possibly, 
to t hr so uLh of T ongu r Cl'eek where the a n ticline is pl ainl y cli scemi blc, 
a lthoug h a so uthward plunge is suggested by the disappearance of t he 
" B enton " under la t er rocks at t he south encl of t he rn a p-rtrea. 

No predi cti ons can be m ade regarding t he pl'ospcc ts wi thin t hr fau lt­
hlock sLru cturc n or thwest of the transverse fa ul t in the n or thern par t of 
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Turn er Valle ~r field . It seems probable t hat the s trike fault along the cast 
side of t he faul t block 1nay have caused a n accumulat ion, against t he 
fa ult , of oil and gas in the wes t wa rd-clipping strata. The posit ion a nd 
exte nt of a nv acc umul at ion nrny be modified hY t he exte nsion of t he 
\'ulcan syncline into t he fault b.lock or bv ot her. feat ures such as small 
faul ts, bL; t although t he existence of such feat ures makes iL morr diffi cul t 
to predi ct t he condi t ions wit hin t he fa ult bl oc k, it ll"Ould not cl estro~r th e 
valu e of t he areas as a pros pee! ive oil- and gas- fi r ld . 

The Re neca \\·ell on sec . 27 , tp. 20, ra ngr 3, is being drill ed in t his 
fa ult-block st ru cturr in Lhe north ern encl of Turn er vall cv. Sin ce fa ult­
b lock st ru ct ures of t his typr occ ur in ma ny places in t he foo.th ill s, a success­
ful resul t in the ease of the Seneca well will und ouhtecll y greatly in crease 1 he 
poss iblr arras where prosprcts fo r oil a nd gas would be co nsicl r red favo urable. 

Ylh:IN"G GAS-FIELD 

By G. S. f lume 
H rfl'r('nt<'s : f-; Jipp<'r, ~- K : ·· \ ' iking (:as l•'irld, ~I rncturc of Arc:L' '; Ccn l. Surv., ( 'anad:1, 

:'u m . Rcpt. Jnl 7, pl. C, pp. (i-7. 
Fhrnrt h>·· H. T .: "G rrs in 1\ll i<' rl:L"; ~\l ines Branch, Dept. of :\l ines, Cana !a, 

P ub. Xo. 616 .\ , p . 17 (Hl2J) . 

(See Figure 9) 
\'iking gas-fie ld (locali ty 3, F igure -±) is wes t of Irma-Waill\uight 

dist ri ct a nd nor th of !he !0 11·n of \ 'i kin g on ibe Canad ia n Xat io nal railway. 
Thr coun t ry is for the must par! fl at or gentl y rollin g and is covered to a 
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Figure 9. \'iking ga,-fir lrl; number,; dcs i~natc the ll'Clls a,; 
giYcn in the table, page 77. 
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large extent wi t h glacial t ill. There arc no large streams a nd in consc­
q ucncc outcrops arc rare. Such a do occur belong to t he Palc-Yariegated 
series of sediments. 

West of Viking field the strata plunge downwards into the Alberta 
synclin e a nd in consequence the fi eld is limited in that clirccl ion. To the 
cast the stru ct m c is not known in detail , but there is reason to suspect a 
sy nclin e to lhe northeast between Yikin g a nd Birch lake. Heronn aissancc 
work carried out in 192-1: poin ts to t he conclusion Lhat the strata in t he 
vicin it·y of BirC'h Jake and for so me considerable distan ce lo the northeast, 
clip sou th wester!~-. Thi s is contrary to the idea that Birch lake is on t he 
ax is of a broad fo ld. The Talpcy-Arnold well on the west side of B irch 
lake apparently was drilled in strata clipping in one direction for a long 
distance both cast a nd west of the drilling si te. Such a stru cture would 
no t be favourable for oi l or gas accumulation and this conclusion is in 
acco rd with the results or drilling. It is beli eved the gas from Viking fi eld 
has in a la rge measure been prevented from migrating up the clip towards 
the T a lpcy-Arnold well hy a syncline separat ing Birch Lake and Viking 
area . 

As far as can be told , t herefore, from data at presen t available, Yiking 
gas area is a local fo ld developed on t·hc easte rn cclgc of the Alberta syn­
cl in e. Although an oil show was reported in one 11·e ll , t he dry characte r 
of the gas does not lead to the hope that oil is prese nt. The exte nt of Lhe 
gas-field to the nor th and so uth is unknom1 , but the fo ld seems to plunge 
dowmrn.rd ;,; in both directions. 

Producliont 

L .S. Tp . ll a ngL' E!ev. Dept Ii Hoc·k Open 
pre:-;., , fl o w 

Feet F eet 

J I'' ., 2-1 -18 1:J 2.28.5 2' -l:l:i :\II wel l, !l .000 )I _ 
2. - .5 19 48 12 2,2R!l 2. 37:3 about 2, 100 :.r . . , 
•> .. JO 2.5 -!R 13 2,200 2, :H;.i 800 II". .5, 000 i\1 • 
-l . :J :io 48 12 2,30li 2,3-l:l 1, 3.i O i\l. 
.i ... 8 36 48 J ~ 2.2DO 2, 220 G. 28G 1\L 
6 ;j (i 49 12 2, 287 2' 2(l:l 7,G 171\l. 
7 . I (i 49 l2 2,30:l 2, 215 7' 000 ~\[_ 
8 .. 2 18 -!8 J2 2. 275 2,430 2.000 )[_ 
9 8 2-1 -19 1:J 2,2G2 2, 3-10 3. 2.50 j\[_ 

10 16 29 -18 12 2.3 1(i 2, 220 :J,000 M . 
JI . Hi 32 48 12 2, 279 2, 1.52 7, 000 i\l. 
12 . - 9 12 -19 1:l 2, 2.5.t 2, 12.5 9,000 .\l. 

1 Elwortii>· , IL T .: ":\'atural Ga:-. in .\lht.•r ta''; j f ine.'i Braneh, Dept. of i\[incs, Canada, Pub . Xo. 6161\ , p. 
Ji ( 1924 ). tT:.tblc in p:J rtfrorn thi:; pub lication with additions. ) 

The gas from \'ikin g field is piped to Edmon to n, about 80 miles to 
the northwest, a nd supplies no t only E dmonto n bu t several other cen t res 
of population bct \Yecn Ed monton and Viking. The gas is a dry gas, with 
methane as the chief constituent and no sulphur. 
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An a nalysis1 of the gas from No . 6 \Yell is as foll ows: 

:.'lfet lrnnr en, . 
Ethane (',H,. 
Carbon dioxide ( 0 2 . 

Carbon monox ide CO. 
Oxyi.:en 02. 
Kit rogcn N2. 
f'ulpl1u r·etled hydroi.:en U 2S. 
H el iu m H e. 

Fer ren t 
92 ·.5 
3 ·5 

O· ii 

0 · l 
3·1 

0·006 
P.pceifi(· urasi1.v. 0·0-1-
Calori fic value H.Tli.L". at 0 °C. and 760 mm. . . l ,05 l 

According to Elwort hy the suppl y in the immedi ate fi eld is calcul ated 
to be over 60,000 ,000 cubic feet of gas. 

Light g rey cla~r. 
L igli I gre.v sl ial0. 

Log of 1'1ki11g lrell 1Yo . 1 

Light grey shale, somewhat sandy. 
Ycr.v fine, mndy sha le. 
Liµ;l1t grey to bro,,·n, fine , sandy 8halc. 
Ligl1t gr0.v sliale "·it h f·oc.1! frag111cnt:-;. 
Dark gr0.v, ea rborntrcous shale. 
Coal 
D:nK ~rey, f'arbonaecous :;h ale. 
\\"11il e, {inc-grained sand~tonc . 

Light grey. sandy shale .............. .. ..... . . 
nark grey sh ale . 
Dark grey shale ll'ii Ir sper·b of coal 
c:rey sha le (c·onla ins sliells ) . . 
Crey slinlc. 
Crey and greenish slral c , light grey sancbtonc. 
}"inc-grained ;-;andstonc ,,· itl1 carbonaceous ni attcr .......... . 

C' h or·olatc-c·oloured and g rey sli:tle .. 
Dark grey c·a rbon:_ic·cou:-j shale. 
D ark grC'y ~hale ,,·ith so m e eoal 
])ark grey, r·arbonarcou .":i sh ale . 
Cho<·ola le brown shale .. 
Compam1 i\'Ciy eoa rse, ligh t grey sanusi,one . \\'ai,('[',. 
Blue-grey shale. 
Blue-grey :-;hal e, :--andy in p\arc~.s. 

Hrown, (':ctrbornwcnus sl1alc .. 
F roiu d riller 's rceo rd: 

Hro"·n shale . 
H a rd lime shell. 
lllu0 slrnl0. 
B ro \\'n sktl e. 
San d ll'ith g rey elay. 
J) ark i! rey, ru sty sl1alc . 
rpper gas sand ai, 2, 180 f0ct. 
Dark g rey shale. 
D ark grey, ru sty sh ale . 

L o wer gas sa nd at 2,335 feet. 

Feet 
0 -85 

85 120 
J20 HO 
J4 0 Hi'> 
165 170 
170 210 
2 10 243 
24:3 2-15 
2-ki 252 
2;)2 272 
273 280 
280 340 
340 :3GO 
300 :370 
370 ;39,5 
:rn.1 -lfi;i 
45;; 48.5 
48.5 .i I 5 
51.i 530 
530 5:);) 
5;{5 6.5:) 

G55 690 
690 HO 
740 885 
885 890 
890 80.'i 

895 J ,2 10 
1,2 10 1, 2 l5 
1,215 1,400 
1, 400 l , GO.i 
1, 605 1, 610 
l , GlO l , RllO 

l ,8GO 2 ,202 
2, 202 2,310 

ll ~ l wort.hy, H. T .: '·Xaturn l Ga8 in Alberta"; M i11c3 B ranch , D ept. of :\[inca, Canada, Pub. :\o. 616. \ , p. 17 
(1924 ). 
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The sandston e ca rr~·ing 11·ater encount ered at 740 feet in depth is 
brlievrd to rrp resent th e base of lhe Hibslone C reek fo rm ation, whr reas 
the fine-grni11 r d sancl sLo ne aL 465 to 485 feet is t hought to be at the base 
of the Birch La ke format ion. The ehocola te a nd dark grey shal e between 
485 and 535 fceL probab ly brlongs to the C:rizzly Bear fo rmat ion. It is 
impossibl e to make a division bet\rnen the Pale an d \ "aricgatcd brcls at 
t he lop of t he 11·c ll and the Birch Lake fornrntion hclo1Y , although from the 
log o f" the well t he Birch La kr \\"Ould be assumed to begi 11 hchrcc n 395 a nd 
465 k eL in dr plh. The shalrs from 7-10 downwards arc thought to be 
Lr~t Park a n cl Ben lon \\·it ht he prod llct i ve gas sands at lhc linsc of lhc lalle r. 

BATTLE lUYER AHEA, ALBEHTA 

By C. 8 . Ifw11e 

HcfPrPneP-;: Alla n, J .. \.: C:eol. :-iurv. , Canad:1, :-:um. ltept. l\lll , pl. C . 
!)ow ling, D. B .. :-ilipper, i-'.K, :rnd l\lcLr:lrn , F. TI.: "Investigat ions in the 

C:as an d Oi l J.'ipJcJ;; uf Alberta, i:iask:tlchcw:tn, and l\JaniLoba'·; (:col. 
:-iu rv., C:urnda, :\f(' nl. J l(j ( l!JHJ) . 

Hume', C: . :-i.: "Oil :rnd C::ls Prospects of the \\"ailllnight-\"crmilion .\rra, 
.\llJPrt a"; C.:eol. :-i nrv., Canada, i-'um. Hcpt. 192~. pl. 13. 

-"O il Prosprcts in thr \ 'icin it)· of Battle River n.t (,he 1\lhcr t:i.-Ba~kat­

rhcwnn n ounda ry "; C: co l. Hmv., C':1n:td:1. 1->um. RrpL. 102:3 , pt. B. 

(See Figure 1 O) 

J l\THO DUCTTO~ 

Batt le Hi 1·rr area , as the na me is hcrr used, includes a n area cxi cncling 
from Inna cast to t he ~askatchewan boundarY. The cou11( 1T it; rial or 
ro lling, with a eovering of glacial ti ll whic h o i°Jsc ures most o( the unde r­
l>·in g rocks except along st ream Yall cys 11·hcre eros ion suhseq urn t to the 
(:iac ia l peri od has rcmond pa rt of the glac ia I dcposi ts. 

The d rainage is toward th e cas t , Battle ri ver a ncl t ri butari es provid­
ing the main d rai nage cha n11 els. No rth of t he a rea !he drain age is to 
~ort h Raskaie hrwan ri ver \\"hi ch also fl O\\"S eastwards. Both :~forth 
f-laskatc he1nrn and Halli e rivers havr 11·idr ya]l cys whieh in many pl aces 
a rc several hundred feet deep and , considerin g t he low relief of the remain­
der of t he counLt»", arc marked Lopogrnph ic feat ures. ll can be provr d tha t 
p:i rl s of both vall eys a nt edate the Glacia l epoch and probably this is Lhc case 
t hroughou t most of 1.heir length within thi s a rea. They have bcr n cut in 
C retaceous sl rnta and on Batt le ri ve r at least so me of the bend s of the 
riYcr have been controlled by sLructurnl feat ures in the underl ying rocks, 
a co ndi t ion whieh co uld he possible to any considerable degree on ly in a n 
a rea " ·here t he river valley antedated t he Glacial age. 
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Pale Bed s 

~[ontana llirch Luke 

(; rizzly Jlpar 

Tii bstone C reek 

Lea Park 

Colorado Ben ton 
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STRATIGRAPH Y 

Table of Formations 

Tlii<·kness 

Feet 
fiOO !o 700 
Not exposed 1n 

tl1 is area 

.\!Jou t500 

200 

60 to lOO 

100 lo -10 

2.25 

Lea P a rk 
Ulld 

Henton 
I , 500 to 
l , GOO 

De.o<T ipl ion 

\ f ari nc, dark grey sliale co n­
taining lar11:c quant it iPS of 
sclcni tf' and iron-.:.tonc nod ­
ules. \\'ithin these shales is 
the n ul war k s and s! one• 
wl1ich i:; l1 ard , rn a:-:::-;ivc, and 
brown 

l>al c, inl'ohcrcnt, f' ros:;bcddcd 
sandstone and green d ay:-:;. 
l rons tonc band s an d ernd 
sca m s O(·<·ur. Contain s fre sl1 -
wa!er foss il s 

lnte r la vered sands and ;;hales 
" "i!h-!hin ( 'Oa\ S(' :Ll11 R 

'ILassiYe, erossbNld ed, buf'f 
sand st.onC' with some- sl1alcs. 
A t Bin·h lak0 a m a ri ne m0m­
ber h:1 :-:; hC'cn repo r ted. 
Mainly b r·u('ki-h waler de­
pos its 

Dark blue-grey rnarine 
con ta in i ng i ron stonc 
sa ncbt one nodule~; 
sand !Jed ;; preeent 

sha le 
:lll(~ 

SO Ill(' 

Oil and gas 

Greenish yellow, mas;-; iYe, soft L~ nimportant 
sand s with some hard snnd - µ;as showings 
sl one bed :-; . G rccn and f'ar- ha Ye been 
bonaceous shal e wi th coa l. fo und in \\'Cll s 
To the cast in Nas ka !r·h C' wan in t lii s fo nna-
it c·ontains a 111ari nc lio riz;on. tion 
~fain ly brack ish \\'ater clP-
posils 

Jia rinc, blue-grey sl1 alc a nd Gas :-;l1 ow ings 
sand.v :-:;lia\0 ,,·ith se len ite 
and ironstone nodules. 
Foss il s 

~1arine , grey shale with so me O il and gas 
sa ndst.one beds and nodules 

Lowe r 150 Mostly sands wit.h so me shale. O il and gas 
Conti110n l,al deposi t Cretaceous 

D evon ian Limcstoncs 1 marine Oil s howings 

B enton Formation. The Ben ton is not exposed in Battle River area, 
but has been penetrated in a number of wells and is known to consist of 
dark marine shales with numerous ironstone bands. At the base arc sand 
horizons carryin g gas in Viking field , and oil and gas in \Vainwright area. 
Since the Lea Park, which overlies the Benton , is marin e shale, similar 
lithologi cally to t he Benton , no division can be made between these two 
formations in well logs. The Lea Park, however, is l\!Ion tana in age and 
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the Benton is Colorado and each carri es a distin ctive fauna. The com­
bined t hickness is 1,500 to 1,600 feet. 

L ea Park Format ion . The type section of the Lea P ark fo rma tion is 
at Lea P a rk, Alber ta, on .l'\ ort h ~askaLchcwan river. At Lhis p lace the 
formaLion co usistr; of dark sha les and sandy sha les with nodules and di s­
conti nu our; layers of ironsto ne. F'oss il s of :\[ontana age a rc pl en t ifu l in 
r;o me locali t ies. The thickness of the formation bas bee n given by ~llipper 1 

as 700 feet a nd by All a n/ who sL udi ecl the No rth Saskatchewan section, 
ar; co nsider:ib ly lc:-;s . The difference in the ef'tinmtcs of th e thickn ess may 
he cl uc to t he fact t hat the Bent on i:-; cl is ti ngu ir; hab le from t he Le:t Park 
only on Lhc bm;is of fossi ls. 

R ibslo11e Creek Formolion. The Hibs tonc C'ree k formation is named 
from Hi bstonc creek, a trih uLary of Battle riYer in Alberta near t he 
Saskatc hewa n boundary. At thi s localit >· it is rcaclih· se parnJccl from 
the underlying Lea Park fo rm at ion by the fact t hat t he lower beds 
of t he l{ibstonc C' rcck fo rmat ion are soft, g ree ni sh ycllO\r, crosshedded 
sand s, wh ereas the upper beds of t he Lea P a rk a rc dark grey 111 a rin c 
shales. The thickness of the sand beds at the has(' of this fo rmation 
ii-; so rn cwhat vari a ble, from on! ~· a fc\\" feet 1o more tha n 20 fee l , and 
several hard sands tone heels occur in ou tc rops 11·ithin this sand zone. 
In " ·e ll s these sands arc in many places " ·a ter-hcaring a nd " ·here the 
sands outcrop a long st ream or ri ve r vall eys spri ngs arc of eorn mon occ ur­
rence. l\[ost of t he informat ion on Lh c characte r of the central p:ut 
of t hi s formation has been derived from 1Yell records and out crops arc 
rare because t he fo rmatio n consis ts of eas il y wcat he reel soft shales. \\'h ere 
ou tc rops occur the r::ha lc is not easil y cli st in gui 1:3 habl c from the higher 
(~rir.zl y Bear sha les or the lowe r heels of the Lea Park fo rmation. The 
Hi bstonc C' rcck sha les , as f:i,r a;;; kn01n1 , ho\\·cver , C<trry no foss il s and 
Lhc fornrnLion is co nsidered to be predominant ly non-marin e, at least in 
Alberta. Above t·lwsc shal es there is anot·hcr sand zo ne n,L the top of t he 
formation , whi ch also carri es in ou tc rops a numbe r of hard bands a nd 
nodul es. It is thought th:it these ha rd bn,ncls a rc largely a surf.ace feature 
an d a rc clu e to cc mc ntat ion of the sand b.v C"irculating 1Yate rs carry in g 
min erals in so lution, sin ce in \\"el l logs not ma ny ha rd sandsto ne band s a rc 
e nco unt ered. In cert ain locali t ies carbonaceous laye rs an d even sma ll 
coal scams occur in the uppe r part of the fo rm at ion. On !he banks of 
lhtllc ri ver nea r t he mouth of Buffalo cou lfr a coal scam has been mined 
to a slight exten t for local use. The t hi ckn ess of the whole format ion is 
a pp rox im ate ly 200 to 225 feet, thinning eastwards. 

Grizzly B ear Formation. The Gri zz ly Bear fo rm at ion co nsists of dark 
g rey m a rin e shale and car ri es M ontana fossil l:l . lL is thought that t he 
Hibstonc C' rcck non-ma rin e beds grade upwards in to the Grizz ly Bear 
marine beds a nd a lthough in a general 1yay a division can be made, O\\"ing 
t.o t he fact that the top of t he RibsLonc C ree k fo rm a t·ion is sand , whereas 
t he base of the Crir.z ly Bear is predominant!>' shal e, the re is a 10 to 
15-fooL zone in which sha le and sand beds a lte rnate and carry marin e 
fossils as well as a n abundance of scleni te in crystals and fl akes. This 

' Slipper, S. E .: Ccol. Sun-.. Ca nada. Sum. llc1>t. 1917. 1>t. C', p. S. 
'.\llan, J. A.: Geol. Sun-., Canada, Sum. Rcpt. 1917, pt. C, p. ll. 
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zo ne is t hought t o represen t the cha nge from non-m a rine to ma rin e 
sedim en ta ti on. It seems Yc ry f)roba bl c that the seas deposit ing the G ri zzly 
Bear shales were very sha ll ow, since th e fo rmati on in va ri ous pl aces 
rnrrirs small nodul es macl e up a lmost e nt irely of seleni te cr.rntnls, and 
in one well at least, in shales that \\'r rc t hought to belong t o thi s fo rma­
tio n, a ve ry t hin scam o( ca rbonaceous or coal.\' m at Cl'i nl ' '"as cnco un tr rccl , 
allhough t he form ati on is co ns icl crccl precl om i na n tl y ma ri nc. 

B irch L ake Formation. The Birch Lake form a ti on, na med from Birch 
Jakr, Alberta, co nsists mos tl y of m ass ive, crossbecldccl , brom1ish , a nd grc:v 
sandstones wi th some soft er sand a nd shak s. The con tact \\·ith t he undcr-
1.'·ing Gri zz ly Bear sha le has not bee n obscn·cd b.'' t he \\Ti te r, hu t at 
,,·hat is co nsiclcrccl to he a pp roxim atcl.'' the base of the fo rm a tion a bed of 
O,\'S te r shell s, in places 3 feet t hi ck , occ urs. This oys ter shell hr d has 
been fo und ove r a wicl r a rra a nd is co nsid ered i o r r prescn t 1. hc change 
from ma rin e co ndi t ions in Gri zzly Bear time t o bracki sh wa ter co nditi ons 
in Birch Lake t ime. It is probabl e (h a ( t he brackish \\'atc r beds of t he 
Birch La ke \\'C'l'e deposited almost at sea-l eYcl, sinc r t hr p rcsc ncr of rn a rine 
foss il s1 in thi s form ation a t Birch la ke a tt est to a t least one i m ·asion oft he sea. 

T'arieoated and P ale Beds. Although i t was found impossible in the 
fi r ld Lo mnkr a sharp di vi::; ion between lhc \ 'a ri cgaJccl a ncl Pal e br ds, in a 
general way the two fo rm a tions a rc di ss i111 il a r, the P a ir beds being com­
posrd of light g rey ancl ,,·hiti sh sands in te rbecld ccl wi t h da rkr r Rhalcs , 
\\'hcreas the Ya ri egatcd beds a rr so mr wha ( cl a rker in co lour . Bot h forma-
1 ions co nta in t hin , unimportan t coal sra m a nd ca rbo naceo us la,\'r r:-; a nd 
t hr P a le hr cl s a rr eha ral·t r ri zrcl IJ,· num Cl'ous bc nto ni t ic laYe rs. Ironsto nr 
nodules a rc co1111non in both fo rn;ati om;, Thr tota l i hick.nrss as givr n h.'· 
~lipper2 is 700 fer t , bu( f'rom wr ll logs in :.\Ioni tor area, \\'here th r (op of 
t he P a le beds is exposed, th r t hi ekiwss is IJC' li evecl to he so ni c,,·ha t g reate r. 

Bem·7wu· Formation . The Bcarpa ''" \rhi ch OYr rli rs t he P a ir ilC' ds, 
consis1s of cl ark 1n a ri nr sha le ,,·it h a sand sto ne lllrnt bc r (Bui wa rk sa nd­
s( one) in t he a rea south a nd .·ou t hwest o f ·w a imnigh t. Rhal cs of t hi s agr 
occur on Battl r ri,·c r so ut .Jrn·cst o( lfa rdi s t,\' , bu t not \\·it hin th e a rea 
under consid eration . The Brarpa w rr prrsrn ts th r top of th r ?--Ion ta na 
.;r ri rs of rocks a ncl in er nt ra l Alber ta is overlain by the non-rn a rin r br cl s 
of the Edm ont on. 

STRUCTU HJ•; 

Easl\\·arcl from t he edge of the Albr ria S.'' nclin c \r est of \'iking the 
s( ra ta clip sou t hwes terly, buL a t angl es dec reasing in size east ward. In the 
v icini ty of \\ 'a i 11\night a regi ona l south \\' rs te rl y dip is stil I recogni zable, 
a lt hough it is llloclified in places by sma ll fo ld s superim posed on t hr majo r 
st rnct ure; bu t cast of t he Alberta-Ras katc hewa n bound a ry, in t he vic ini t .'' 
o f Bat tl e ri ve r, t he clip changes to a sout heast direc tion. Thr m a jor 
strncture between Yi king, Alberta, a nd Batt lefonl, ~askatchcwan , is a 
broad a nticline, t he highest point of whi ch is sorne \\'here in the vicini ty of 
t he m outh of Ribsto ne creek . On this m ajor strnct urc a number of min or 
folds arc kn own a nd although the occurrences of oil a nd gas may in a ge ne ral 

i \\":1rrC>n, P. ~.: T rans. Hoy. :--;oc. of Canada, \·ol. 20, p. 9 ( IJ26) . 
'Slipper, :0. E.: Sum. Hcpt. 19 1i, pt. C, p. 8. 
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way have resulted fro m the larger structure, they occ ur on the minor fo lds . 
The determin ation of t hese min or folds, t herefore, is t he most impor tant 
consid eration in locat in g drilling sites, fo r past experi ence has proved 
beyond doubt t hat wells t hat arc not located on t he minor fo lds have 
small chances of st rikin g commercial supplies of oil or gas. The major 
strncturc, whi ch em braces a very la rge a rea in an east-west direct ion, 
may be taken as rou ghly out lining t he terri tory in whi ch oil an d gas may 
occ ur, but it is only the mu ch smaller areas of local foldin g t hat may be 
expected to be productive. 

H awkfas Fold 

A cross-section of this fo ld ap pears on M ap 2058 which accompan ies 
Summary Report 1924, part C. If t he wri te r's in terpretation of t he 
stratigraphy is con cct, the Birch Lake fo rm ation fo rms t he crest of an 
a nt iclin e whose axis is assumed to extend in a sout heast-n ort hwest direc­
t ion. Gratton No . 1 well in sec. 4, t p. 45, range 6, ·w. 4t h mer., \\·as drill ed 
on t he southwestern fl ank of t his fold and gave a fair Row of gas. Since it 
is assu med t hat gas fills t he crest of t he fold and t hat oil , if prcscn t, occ m s 
down the flanks, a ny well drilled nearer t he crest of t his fo ld would be a 
gas well. As the Gratton well is a consid erable distance clown the so u th­
western fl ank of the fo ld i t is, t herefore, assumed t hat the fo ld contains only 
gas . If t he fo ld extend s north west, the axis will pass cast of Irma a nd the 
well of t he Inna Oil H oldings Co mpany will be on the southweste rn Ra nk. 

Fabyan Fold 

It is beli eved a fold crosses Batt le river nor theast of Fabyan stat ion . 
The available in fo rm ation is not sufficien tly defini te to out lin e t he extent 
or magni tude of t his fold , although data obtained by acc urate levellin g 
leave little doub t that a fold is present. It is though t the crest of t he 
Fold lies cast of the Imperial (Fabyan) No . 1 well , sec. 18, t p. 45, range 7, 
'vV. 4th mer. , in whi ch a Row of gas, esti mated at 10,000,000 cubic feet a 
cl ay, with so me heavy oil , was obtain ed. If, as is presum ably the case, 
gas fill s the crest of the fo ld , a ny well drill ed betwee n Imperia l (Fahyan) 
No . 1 well and the crest of the fo ld would be a gas well. Mapl e Leaf N o. 
1 well was drilled on the west fl ank of the fo ld and obtain ed gas with an 
initial fl ow of 2,500,000 cubic feet a clay at a depth of 1,705 to 1,720 feet. 
The lower horizon t hat gave the la rge gas flow in t he Imperial (Fabyan) 
No. 1 well at a dep th of 1,870 feet was appa ren tly not penetrated by the 
:vrap lc Leaf well. Since gas with a small amoun t of oil is present in the 
Imperial (Fabyan) No. 1 well it is reasonable to assum e that if oil in 
quantity is present in t he fold it will occur down the dip to t he west of this 
well. The weste rn limi t of t he structure is unknown , bu t sin ce Imperial 
No. 2 well on sec. 14, t p. 45, range 8, is a d ry hole, an~r oil present m ust be 
northeast of t his locat ion. The drillin g of the M a ple Leaf No. 1 well to 
a greater depth would more closely limit t he par t of t he fold t hat may hold 
oil and mi ght be consi dered a fair test of t he oil prospects about midway 
between the Im peria l (Fa byan) No . 1 well on sec. 18, tp. 45, range 7, and 
Imperial No. 2 well on sec. 14, t p. 45, range 8. During 1926 Fabyan 
Petroleums, Limi ted, commenced a well sligh t ly nor th of Maple Leaf Ko. 
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1. This well has not yet been drilled to a sufficient ckpth lo reach any possi­
ble productive horizons and its re lation to the st rncturc is approximately 
the same as :'\faplc Lear Ko. l well. 

The oil found in Tmperial (Fabyan ) ~o. 1 well is heavy, having a 
gravity of approximatc l.v 12° Baumr. The well contains much salt \Yater 
whi ch is forced out with a small amoun t of oi l, in the form of an e mulsion , 
by the gas prcssmc "·he n lhc 11·ell is opened. Th e value of the prese nt 
Imperia l well , therefo re , is cnt ircl.'' depend ent on the value of the gas that 
can be obtained from il. 

Wells Ori/led 011 the F11hya11 Fold 

lrnp0ri a l (Fah.v:rn ) Xo. 1, sec. lfl, t p . -!Ji, rang;<' 7, \\ .. . 4th mer., contai ns g;ns with sm a ll 
a m ount of oil. 

:\T:tplt' LC':tf Xo. 1, sec . 2-1, t p. 4.\ range S, \\'. 4th mer., conta ins gas whi ch is now 
piped to \\ 'a i1111"ri1!;l1t. 

Falty:m Pclrole11111$, sec . 2-J, tp. -f5, ra nge 8, \\ '. ·H h mer. (drillin1~) . 

lntcrior, 1 sec . :.lti, t p. -l-1., range 7, \\' . -lUt mer. (drilling) . 

B atlle Hiver-1\"a imcrighl Fold 

A number of " ·e lls which constitute what is generally kno\Yn as the 
\'{ni111night fi e ld , have been drill ed on this fold. Il crosses Battle Hi,·cr 
at the northeast corne r or range 7, tp. 45, and is tb:.iught to extend in a 
north west-sou f lwast direct ion. 

Bet ween the Battl e Hi,·e r-\Vail1\night a nd fhe Fabyan folds there is a 
syncline , the magnitude of whi ch is unknown . lt is prcsumabl.'' su ffici e ntly 
dee p and wide Lo preve nt the main body of gas sf rn ek in Imperial (Fabyan ) 
Xo. I well on t he Fah.'·an ant iclin c, migrating northcasLward into the 
Bait le Hi vc r-\\' a imnighL fold. On f he ll Orl hcast flank of the Datt le 
Hi vc r-\Vaill\night fo ld a dip of 40 feet in about ha lf a mile \\·as measured . 
The di stance the clip coutinues at f his rnfc and with this direction is not 
kno\\"n , huf is not thought to he great , since the regional southwcsL clip 
becomes apparcnL again SO lll e distan ce soutlrn·es f· o r f he mouth of Buffalo 
co ulfr. 

The width of ihc proclucti,·c part of fhe Battle Hiver-\\' ainwright 
fold has nof been determin ed a nd \\·ill onl.'' be kn own when more drilling 
has bee n clone. The cresL of the anticline is thought to be ll" icl e and flat. 
The length of the field i11 a northwest-southeast direction is a lso unknown , 
bu t the finding of oil in Bri ti:;h Petrol cu ms ?\ o. 3 B well on f he :-i \\ '. 1

1 

see . 29 , fp. 45, range G, leads to t lw assumption that this "·ell is on the 
southeast extension of ihc fold. In a nortlrn·est directio11 f he re is reason 
to assume f haf ihe fold crosses Battle Hivcr valley. A considerable volume 
of gas, mu ch larger than so fa r encount ered in any \Yell to fhe south eas t. 
is reported to haV(' been st ruck in BrifishPetrol eum s Ko. 2 well on sec. 30, tp. 
45, range 6. This sugges ts that the \Yell is st ructurally higher than the well s 
fart he r so uth east, but th e va licli f"y oft hi s surmise has not been proved, 0\1·ing 
to the clifficulf.\· of corre lating the wel ls. If correct, then f he large flow of 
gas could lie exp la i11 ed Ii.'' assum in g that the antic lin e plunges southeast 
at a low rate. If t hi s is the situation there sho uld be a concspondi ng ri se 
to the norf hwcsL and Briti r; h P etroleum s ~o. 1 well on sec . 36, tp. 45, 

1 l n1C'rior Oil Co1np[111.\··:-. wt•ll i::; on thC' ~ trikC' of t he fold :--c\·cral mile:; to 1 he . ..:out liea:; t of the other wp\b. 
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r a nge 7, shoulcl be strat ig raphi call y sligh tly hi gher than Rl'i t ish P etroleums 
Ko. 2 wr ll. It was repo rted th at I31'i t ish P etroleums Xo. 1 " ·ell when being 
drill ed st ru ck a la rger Ao\\· of gas t ha n m1s encoun te red in B l'i tish Petro­
leum s No . 2 well. If t hi s were true it confirms t he sugges ti on t hat t he 
ant icl ine plu nges Ro uth rastc rl ,1·. T hat t hi s is t he case is also suggested 
in n,nol hcr way. At each of the t hree fo lds, na mely I-fawkin s, F abyan, 
and Bat tl e Hi Yc i'-\\"a inw l'i gh t , the l'r is a sou l h,1·ard bo w in t he ri ve !'. This 
ap pa rc nL re lat ion bc t\,·cc n cl!'a in age patte rn a nd st ru ct m e can scarC'ely be 
rne l'ely a coin eicl r ncr, a nd sin C'r in each C'ase t he ri ve r makes a sou t hwa rd 
bow, it is probable that t he a nticli nrs p lungr in t h r samr d irect ion . If t he 
fo ld s r l u ngr so utheast t hc,1• pl'obably con tin uc to l'ise to t he nor t h west 
aC' ross Batt le rive r. \Yr ll s located on t he st l'i kc of t he a nt iclin e no l' l hwest 
of Bat t Ir' ri \"<' I' wi 11 , i f t hese cond it ions pl'e,·ail , be hi gher s tru ctu rall y t han 
any so fa r cl!'ill ecl. As rock ou teropR a l' r co nfin ed to Batl le Hi ve r vall e,I", 
a k nO\r ledge of t he st ru cture can be obtain ed by drillin g eit he r fo r oi l or 
sha llo11· holeR to cl rte rrnin e Rt rn rt ure onl y. Th e sand h ol'i zons of t he B irch 
Lake fo l'mat ion should be rela ti ve ly close to t he sur face of Batt le r iver a nd 
\You lcl afford Rui tahlr cl at um pl a nes 11· he l'eb.1· t he sL ru ct ure cou ld be dete r­
m in ed . 

l!"tlls Drilled r>ll the Ralllc l?il'er-1Voi11wrighl /1'ol1 l 

B rit i ~ h Petro le u m ~ :\o. I , ~ec . 36, tp. -Ii), rnnp;c 7, \\' .+th mcr.-.\ hrtndonC' l 
:\o. 2, scr . 30, tp. 4 :) , range G. \\ ' . -1th rn cr.-( :as and oil 
:\n. 3. sec. 20, tri . 4.'i, r:tnµ; ., 6. \\".+th nwr.-.\ hn,nd oned 
:\o. :3 13, SP<'. '..?0, tp. 4:), r;wgc 6, \V. -H h mcr .-Oil 
:\o. 4, ~cc. 30, tp. -1.\ 1"tngC' G, \ \". -llh mcr.-Oil 
:\o. 5, sec . ill, tp. +5, rnnl!;e G, \\' .4th mcr. - Loca; ion 

British-\\"ainwrighL :\o. l , ~cc. 22, tp . . J:). r:u1gC' fl. \V . <U h nwr .- Local ion 
:\o. 2, sec. 20, tp . 45, range 6, \\". -lth mer.- Drilling 

F rncra ld, SC'r . 30, Lp. 45, rang(' G, \\ ". -ILh mcr.- Dr illing 
J•:d nionlon- \\.ainwright .i\o. 1, sec. 20, tp. -15, range G, \\". -Ith mr r. - Oil 
:\:1l ional Explor:1L ion, sec. 30, Ip. -f.'i, rnnge G. \\". 4lh mP.r. - Cas 
\ \.cslcrn Consolidated Xo. 1, sec. 20, tp. +5, range 6, \\'. -II h m(' r. - T empo r:ui ly sh11[. 

down 
\\"cslcrn Co nso lidated >Jo. 2, sec. 30, tp . .f.5, range 6, \\" . -fl h mN.- O il , ab:u1doncd 
\\"ailllnig ht-Donw, ~C'C'. :3 1, lp. 4;), range G, \\ '. -lt h mer. - Drilling 
\Lc i lllnight-Petro l cum~, sec. 30, tp. ,l:) , r:rngC' G, \\ ". Hh lll<'r. - 1,ocalion 

Oil and (.'as IIorizons. C real di ffic ul ty is experienced in correlat in g 
t he strata penetrated in t he vn ri ous \rells of \\'a i111night a rea. lt is 
i houghL, ho11·eve r, t hat Lim oil a nd gas horizons are p resent , of \Yhich the 
hig her seems to hr in t he haRe o f' t he Co lorado sha les a nd is the oil an d 
gai-i-producin g horiwn:- in Brit ish P etro leums ::\os. 2 a nd -b ,,·el ls . T he 
oi l from the u ppC'I' hori ;,,on has n, spec ifi c g nw it .\• of 12° lo 14° Baumc . The 
lower horizon is :;upposecl to be in sands of Lo,Yer C' retn,rco us age a nd is 
t h r prod uct ive hor iw n in Hl'i l ish P e troleums 313, Ed mo nton-\\'a in 1uigh t, 
an d W estern Co nso lid ated :No . 2 \Ye ll s. The oil has a gravit.v of a bou t 1D 0 

to 20° B a um ('. The hi gher horizo n at the base of t he Colorado shales fail ed 
to yie ld oil in these well s . 
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Analyses of Oil . An a nalysis of the oil from British P etroleums ::\o. 
4 well , by the Fuel T est ing Division , .l\Ji ncs Bran ch, is as fo ll om>: 

San1pl e iaken at 11·e ll , ScptembCI', 192·1 
Spec ific µ:rn, · ity at (i0°F. = 0·9i:; 

" = 13·9° 13('. 
1\':iter ................ 7·4 per cent (Yo lume) 
Sulph ur. . . 1·98 per CL'nt 

Di s ti llat ion rnnµ:e-
l "p to l .'i0° ('. ( :\apht ha ) .. 
lii0° lo 300° ('. (lllun1inants ). 
;;oo0 ('.and up (L uhr ir·anl ,). 
( 'oke an d res idue oi I . 

P er r·cnt 

12 · 9 (\·ol.) 
(i8 ·2 (rnl. ) 
1-l· l ( 11·[. ) 

An a nal.\·sis of oil from Bri t ish P et roleum s ::\o. 3B \\·ell made by P. Y. 
H ose warn e, Fuel T es ting Division, ;,rincs Branch , is as follows : 

S:imp\c taken from initial produ«t ion o f 11·c ll 
Spec- ifif' µ:ra1 · ity :1~ G0° F. O·!J40 

= 18 ·9° J\ ('. 
l\'alcr 
Sulphur. . 
Dis till:ition ranµ:c-

L"p to l.'i0° (' . ( :\aph lha ). 
150° to 300° ('. (llluminant ,). 
:;oo0 ('.and up ( Luhri f'anh ). 
Coke and rc, iduc o il 

L og' of B ritish Petroleums ~Yo. 3 11' ell 
Elc1·ation: 2 ,:l04 · 3 feet 
L ocat io n: L .S. -! , see. 29, tp. -15, mnµ:e G, II". ·l lh 111 c r. 
~fct hod of d ri lling : llotary rig with co re barrel used for pa r t of loµ: 

~u rfaec 1n aic ri al . 
Shall', d ark grey .................. . 
~and:--tonc, witli hard lay<' r o n lop .. 
S hai <', soft, µ: rc» .. . . 
i""and :-; Lonc , hard , ~rcy. 
~ h a l e . 8and , g; rc>· . . . . . _. ... 
~ h alt\ g-rc_,., :-;tick .r, san ely in part. 
S hale, µ:rey . .. . ... . ..... . 
S hale, blue . 
~and;-;to nc. liard , µ;re>· .. 
S ha le. c·oaJ fraµ: 11 1enb . 
Shale. µ:re~·. hard .......................... . . 
:--;and :-;tont'. l1ard . 
Shale. blt:e. 'l>f1 . 
l .i111e,to nc. hard . ( Probab ly iron,t o ne band:; o r sand s ton e) . 
Shale. µ:re» . 
Limesto ne. li:ml. (i'rohabl.1· i1«>n,lone hand s) . 
~h:ll<'. :-;and.\·, dark µ;rcy .. 
Shale. µ:rC'Y. ,oft 
Li1ne, t one , blue. (l'robabl_,. iron , tonc). 
S hall' . blue . 
Shale, blue , hard . . 
~ha l e. grc.\·, ha.rd 
1.inlC'o- tone, lmrd. (P robab l» ironst one band ) . . . 
Shale, µ: rey , soft 
~h:tl c' . hlue .. 
S l1ale. bl ue , hard . 
J , ini c ~tonc. (Probably iron :-. tont' hand ) . 
Shale. µ: re» , hard 
Nhale, :--a.n<ly , g rey . . . .. .... . . . 
S h a le, black, py r ite . .... .. . 
Shale, blac k , hard strea ks .. 

iJ.cg :--uppli cd by Bri t i ~ h Pctrol cu111 s, Ltd. 

Per r·ent 
0·7 
.1 ·G 

2· I (yo!. ) 
21 ·3 " 
fi!J·O 
10·9 ( wt. ) 

Fee t 
0 to 

1:>0 to 
2 10 to 
230 to 
2.5 1 to 
280 to 
302 to 
:H:3 to 
370 to 
~83 to 
:J8G to 
-l 12 to 
4 79 to 
-1 80 10 
50 1 to 
:i0-1- t o 
507 to 
.509 t o 
.580 1o 
.588 to 
.589 to 
fi2 -1 io 
784 to 
897 to 
8\)8 to 
997 lo 

1, 0-1.5 10 
1 , 01:3 to 
I. 07+ t o 
I , 189 to 
I , 2:l9 to 
l ,2ii to 

1:30 
210 
2:JO 
2:; 1 
285 
302 
3-J:J 
:no 
38:) 
386 
4 12 
47!) 
480 
:iOI 
504 
507 
!iO!J 
580 
588 
Ml!) 
62-1 
784 
897 
898 
9!) 7 

I , 0-\:i 
I , 073 
1,07-1 
I , 189 
1,2:39 
1, 2i7 
I , 300 
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Logt of B i ltish P etrol eum s No . 3 lr ell- Co nti nued 

Shale, hla('k , ' andy. Gns. 
Shale. bl a.('k, ;;oft ................................ .. . 
t-.:liale, ~an d.\·, dark grey. G-as. 
Shale, black, hnrd and soft alte rna1inp: ... 
Slia1e, d a rk p:rey. C\au('o niti(' "'nd. 1,800 to 1,80·1 feet. 
l.i111cstonc . (Probab ly iro nst o ne ba nd ). 
Shale, black , ;;a1Hl y. 
Sh:lir', ">Ul d~-, w ith pyrite .. 
Sha le, blar·k, hn rd . . ........ . 
l .irnPstone, hard. (Pro babl y iro nstone lnrn d ). 
Shale, p:r(' ~', ha rd . 
Lin1c- , :-:and:• 1 hard, g rey . 
Shalt-, bl:tr·k . 
L ini e, ~an d_,., ha.rd . 
ShalC', bla('k , ~oft. 
Sand, hard . 
ShalC' . b\a('k, hard ... 
Sha\(' , i>la('k, ;;and~·. 
~and, l> lue-~ r<'Y, hard . 
Shale, ;;and:-·. bla('k. 
~and, hro\\' 11 , :-;of1, "·it li :-; hale par t ing:-; . . \II :-:;aturatcd with oil. Cas . 
Sirnio, >andy , ,of\, brmrn, ('Ontnin ing o il an d gas . 
Sand, hrnll'n , ,oft . "al uratC'd with o il an d gaH. 
:-;h all', bl ade, "andy ia>·c r,; .. 
I . irn c, gre_, . . soft. (P ro babl.v irnn stonc band ). 
ShalC', hard, dark . 
Li""" grl'y , vc-r.v hard. (Probably iron stone band). 
Sha\(', blac k, h a rd . . ......... . 
Lir11 r', gn' .'" ha rd. (l'robably irnn Htonc band ). 
S hale, black.. ... . . . . . . . ........ .. 
f--la.nd, r·oar.-\£\ white, so ft. l ~c n ton ii p band .. . . 
:-;\i:dP. hla"k. 
Sand. hl11C'. 
S l1al t'. bi:L"k .. 
:-;11a\e, wi1h Hlreaks of soft, h rOlrn sand irn prC'gnatNl 11·ith oil. C:as .. 
Shale , hlar k , hard . . ........... .. . 
Lir11 r•, gn"'" l1ard , 11·ith p_vrite . (]0 robably ironstone band s) 
ShalC'.... . ........ . 
f--la.ncl, :-;oft , brown, impregnated wit lt oi l. Gas . . 
:-;11al0, " " " '·'" Oil and ga, .. 
"and , hrmrn, soft. Oil and gas. 
~ l1al c , brown, ::;a.ndy . 
:-;hal C' . lmnrn, sand y. 
:-.: a.nd , sliowi ng oi I . 
~and , ha.rd , sli owi nµ; o il. . 
:-.:and, hard , shale part i ng~. 
~ l 1al l', g r(.'.\· .. 
~halt~ , gn'y, " ·ith :-;omc :::;andy st rcak~ . 
~and , hard. <·oars<'. 
~ l1a./ p, g r(' ~·, :-:a.11dy . 
:--;Jialc , gn-~- . :-:1 iek.\· . . . ... . 
Sand. ha.rd and <·oar . ...:0, g rey. 
~and. g rc,\·, with ~t n•aks of a:-:p l1 alti(' material 
~h a.le, b row n, " ·it h :-1t r0ak :-; of a. . ...; ph:1ltic· 111:Lt0rial . 
:--:h a.le, g r('_\·, :-:and_,-. 
A,;plmltil' 1na1cr ial. .... 
;-.;ha IP, ,! .. ~TP>·. ~and,v, n.:-;phalti(' 111ate ria l. 
:-.:and, liard , ('O:t rse . . 
Sand, g rc_,., with :;t rpnk; of ,;hale . 
Sh:Ji<', g rc.\'. 
('oa l . 
~ha.IP, sticky, gr0y. 
~lial(• , hl:t('k , wi1'1 :-:and par tin,!.;s . Oi l and gas . 
J.i11 1<'· (.:-\part of thi :-; was te:-;1cd h~· the Borings ])ivi :-; ion, C0ological 

Fret 
1 , :~oo 1,0 1 . 352 
1, :):j 2 to I , 427 
1,-127 1o 1, 48 1 
1, 48 1 t o I , n;,7 
1,6:;7 t o l. 804 
I , 804 lo I , 804 · .'i 
1,804 .) to 1,820 
1. 820 to I .83fi 
1. 8:Hi to 1,8:l8 
1,8:)8 to 1,8:)8 5 
1,838·:"i to 1.8.i2 
1 .8!i2 to 1 • s .12 ,j 
l . 8.i2 5 t () 1 '879 
1,870 to 1. 870 5 
1. 879 .j to 1,89.5 
1,8% 10 1,89fi 
1 . 8% 1 o 1 . 9o:i 
I , 90:; to I . 93 1 
I . 9:H tn I , g:l \ -:j 
I . 93 l .j to I . 93!) 
I . 9;39 to I . 9-12 
1. 9·12 to 1. 9":l 
I . 9.5:l to I . 9.5fi 
1. 9.16 to 2. 008 
2.008 1o 2, 009 
2. 009 to 2. 02 1 
2.02 1 to 2.022 
2. 022 1 o 2. o:is ,; 
2,0:18-.5 1o 2.0:19 5 
2, 039 · 5 to 2. O:ifi 
2' 0.56 t 0 2' 058 
2,0.i8 in 2.074 
2,07-l to 2.07:i 
2,07.i to 2.08.'i 
2 ,08.i to 2.09:l 
2,09:3 to 2.091i 
2.096 10 2,09" 5 
2,0Dfi·5 10 2,098 
2.098 to 2 , 106 
2 , JOG to 2, 109 
2,109 to2, lll 
2, Ill to 2, 11 3 
2,113 to2,118 
2, 118 to 2, 120 
2, 120 to 2, l:il 
2, 1.51 to2,J.j2 
2, 152 to 2, 1.i.5 
2, 15.5 to 2, 157 
2, \ :j7 to2, 158 
2 , 158 to 2,160 
2, I GO to 2, 161 
2,!Gl to 2 , 16.i 
2 , l(i5 to 2, 166 
2, I GG to 2, 171 
2, 171 to 2, 178 
2, 178 t o 2, 13:3 
2, 183 to 2, 188 
2, 188 to 2, 190 
2, I 00 to 2, 200 
2, 200 to 2, 208 
2.208 t o 2,2 17 
2, 21 7 lo 2, 222 
2, 222 to 2, 22:3 8 

SurYC'y, Hh o winp: it to be iron ,;tonc ). 2,223 8 to 2, 224 8 

Xo·n:. The g lauro nitic horizon at 1,800 to 1,804 [pct "' t hi s well f'O tTC'l:itcs with ,, s i1nilar 
horizon at 1,684 to J ,(i88 fC'('t rn )Jo. I ll.P. " '<' II and at abo ut 1,70,j feet in .\ l ap le Leaf ~o . 1 
well. 

IJ.ol!; supplied hy Brili :-ih Pt•troll'ums, Lt:I. 
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It is cliffi culL to divid e thr wrll logs into st ra tigra phic horizons, but 
the foll owing di v isio n is apprnximately cor rec:t for Ko. 3 well. 

C:bl' ial m 't1erial. 
\ ' aricl-(alccl bed,; and Bi rc·l1 Lake fon11alion. 
C: rizzlv Hea r fo rmation . 
H il>stcine C r<'<'k formatio n .. 

Feet 
0 to 130 

130 t o 28> 
28.5 to :38:) 
383 to :380 

l. C':t "Park an d !lent.on . 
I .owcr C'retn.c·cou:-; .. . 

.580 to 2. 100 (.') (apprnximatcly ) 
. .. ....... 2, 100 to (liotlo111 of ll'cll ) . 

Hibslone-13Lac/,fool Fold 

Outcrops indicating thr position of thr Hibstonr-Blackfoot anticli ne 
occ m a long thr banks of Battle river and its t ributaries HihstonC' an d 
Blackfoot creebi. Elsell'hcre the co unfl'.\ ' is covr rr cl by a h rav.\· m a ntl e 
of drift which concrals thr unclcr l,\·ing seclimrnts. Lines of leYels run a long 
clcfini ( r stratigrap lti e hori:t.011s ou ! croppin g along Ba tllr Hi vr r valk>· from 
rnngr :3 , 1rrst of the 4th rnrriclian , io s lig h t l.v cast of the A.Jbrrta-Sa:-;kat­
c hcwan bounclar.\·, and in t hr v ic·i nii,\' of l'nwin on the Catrnclian Pacific 
rai lwav incli catr a norfhra :-; (-south1rrst str ike of the strata. The sou th­
rasterb· clip of the rast Ji 111 b of !hr a n ticlinr i:-; indica!Pcl b.\· thr outcropping 
of high r r fo rm at ions to t hr sout h rast. Thr contact of lhe Hibstonc C'rrrk 
a nd Lra Park for m atio ns on Hibstonr ererk, 2 mil rs from Battle river, has 
an e lr\·:t!ion of approximatr l.\· 1,900 fret, \\·hr reas the same con tact in the 
lmprrial :\Iuclcl.\· Lake 11·ell , 50 rni lcs so utlwast , is a t an rkvat ion of 1,:Ho 
fert , incli rnting a dip of about 500 frrt or rough!,\' about 10 feel to the mile. 
On the nort·h west flank of lhe ant idine i 11 sec . 4 , t p . 4 6, r an gr 3, \V. 4-th 
mrr., thr contaC'L hc t11·rp n thr G ri zzly Brar and Hibstone Creek forma­
tion s is rxposecl on t h e north bank of Batllr Hivcr va ll ey at an rlcva!ion 
of 1,825 fcrt, and :-;i ncr !hr Hihs!o nr Creek format io n is at least 200 feet 
ihick , ihe Hibs!one C rcP k-Lca P:trk coni.ac-t al !his point ca nn ot. hr at a 
highN r levat.io n than 1,625 feet. The dip north \\·est, therefore, from 1.he 
Hibsto nr C'rcck-Lra Park co11tact on Hibsto11r C't'Crk i!-i about 275 frrt in 
12 rni lc·s, or approxi m atrl.\· at thr ratr of 23 frrt to the mile. This is the 
averagr valu e of !he dip from !he nrsl of !hr a 11!i cli11 P lo t h r axis of !he 
s m a ll s.\' nelin e to !hr nodh\\'rst , a nd thr clip on thr flank of the anticline 
is probably consiclrrably higher. 

Oil and Gas P rospects . A 'rntrr \r ell 3 15 frrt cl rrp, on thr far m of )[r. 
Carto n , SC'C. 2-J. , tp. 46, ra nge 1, \\' . 4th m e r ., gave aL 290 fcrt a fl ow of 
gas s uffi cient to suppl,\- fuel for l\fr. Carton through 1.hc \rint cr of 
1923-24. On SC'C'. 24 , tp. 48 , range 28, Ir. 3rd mer., on :\Ir. Charl es :\fal'l'rn's 
fa rm , t he rr is a supposed o il seepage in a watrr 1rell. Thr \\'ritrr rxaminecl 
th is srrpngr in !hr summ r r of J926 ancl oi l in consid erable quantity was 
uncl o ubt r cll y present. Thr wa !r r wa~ pumprcl for ;thout a n h our, after 
which l im e i t was prrsum ahly lo11·rrccl belo11· t.he cas ing in !he 11·c ll an d a 
couplr of pails of a mix!me o f \\' a(C'I' a nd o il 11·c rC' srC' m ed. l'pon st irring, 
1. h r o il rracl il y Sc'paratrd from the water a nd a bou t a third of a pail of ligh t 
a mber co lo ured oil was obtained. A test of thi f:i o il showed th at it " ·as 
ve ry li g h t gravii,\' n. ncl eo ns istr cl principally of kerosene an d gasoline and 
hence 'ras not 11·hal would he expected from a serpage. H owever , s in ce 
1.he oil is present in consicl rrable quantity it h a rdly can be derived from a n 
unkno \\'n out sid e so urce. This s upposed see page is on the northeast 
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extension of the Hibs tone-Blackfoot a nti clin e, but it s pos iti on \\·i th refer­
ence to t he crest· of the structure is unkn own. 

Since the Hibstone-Blackfoot a nticlinr is a subsidi a ry fo ld on a much 
broader an t iC'lin e, I he C' rrs t of which col'!'cs poncls to the local :;t 1·u ct urc, 
there is no reaso n to ass um e that the 111 a jor a nti clin a l C'on ditio ns hm·e not 
bee n e ffecti ve in eo neent rat ing oil a nd gas t o\\·arcl t he crest of the s tru ctmc 
and t hat t hi s co ncent ratio n wou ld be grea tl y a id ed by th e local st ru ct ure. 
Out cro ps o n the northeas t or northerl y extension of the Hibstonc-Black­
foot a nti clin e a rr ve ry sca rce a nd arc noL such that defini te inform a ti on 
regarding st ru cl m r can be obtain ed fr om thrm. On Big gull y, Saskatchc­
\r a n, marine sand stones outcrop from t p. 51 , range 27 , \\' . 3 rd mer., to tp . 
49 , range 23 , \\'. 3rd mer. These arc thought to be a marine phase of the 
Hihsto ne C rrr k for mat ion . 

In the Imperia l Hibsto nc ~o. l 1re ll drill r d on scC' . 5, tp. H , range 1, 
\V. 4th mr r. , a la rge Aow of gas was enco un te red at a deplh o r· about 1,4-00 
fcrL B etween dep ths of 1,870 a nd J ,900 feet about 8 fcl'l of oil-sat urated 
sand was s tru ek , hut exha us t iv C' bailing tests onl .1· yi eld ed .J. to 5 harrC'l s 
of 18 Hau mc oil a cl ay. The fa ilure of thi s sand to prod1 1c· r a la rger qu a n­
t ity of oi l is asc ri bed lo tlrn C'onditions: ( I ) a bsrnce of a st rong gas press ure 
in the oil strat um ; a nd (2) fin eness of the f:ia ncl. lt sec1ns reasonabl e to 
condud c thnL at points stru C't urall y high er, greate r gas flo,r s migh t be 
o bt a in ed and if coarser sand" should exi st favou ra ble co nditi o ns for eom­
mcrcia l oil produ ction would be prese nL. Tf no closm e is prese nt a long the 
a nti clin e in a northeast di rectio n t he fin cne:;s of the sand 1rn uld e ffecli vr lv 
pre,·en t migrati on of oil. ~inc e th e presr nC'c of an oil st ra tum is 110 ;1. 
proved , produC'lion of oil on thi s anti cline 11·ould be cxpeclccl on highe r 
s trnctural pa rts if coarser sand lenses occ·u1Ted within the fine-grained sand 
horizon. Th e C'Onditions within the oil-sat urated hori zon can o nh· IJC dr­
tennin ed b:-· drilling, but i t is cons id ered that further drillin g is "j ust ifi ed 
by t he fimlin g of favourable indi cations in the Imperi a l well. 

:Jki\IUH HAY-ATHABASK.A AHEA 

R y C'. 8. JI um e 

R eferences: :\IeCo rrn c ll , R . G. : C:ro l. :-:urv., Can:tda, .\nn . H.ept. , vol. \ ", pt. D ( 18!J3 ) . 
:\IcLearn , F. Jl.: C.:eol. Nu rv., Can:td:t, i-:u rn . ltept. Ullo . 
D owlinµ; , D. n ., Nli ppc r, H. E ., and i\IcLearn , 1". ll.: C.: co l. f:> ur v., Canad a , 

:\km. 116 (Hll!J ). 
EllR, i-l. C. : " Bi t umin ous Hands of :-..ro r t hcrn .\lbcr ta" ; :\Iin r~ J3rn11 ch, Dept-. 

of i\Iincs, Pu h . Xo. 632 ( 19261. 

(See Figure l J) 

P llYS IOGRAPllY 

Athabaska ri ver is th e la rgest of the sout hern m embers of t he JVIac­
kcnzic River system . It ri ses in the mountains to t he west, in the regi on 
of Y cllo11·hcacl pass, an d fl ows northeastwa rd across t he pl a ins a rea a lmost 
to the easte rn edge of the Cre taceous rocks in the vi cinity of :J'Ic:Jiurray, 
a nd from there northward to Athabaska lake. From t he t own of Atha-
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baslrn to l\IcMurray, the rivrr Aows through a vallry 300 to 500 feet deep , 
an d is marked hy a number of rapids. Below ~vrc :VI:urray thr vallry is 
broad " ·ith gentle slopes and a low gradient , but above ::.rc::.I:urra.\· the 
valky is nmTo\\·er with more a brup t slopes a nd in part is gorge-like. Away 
from the ri ver the region as a who le, accord ing to ::.IrLearn,1 consists of "a 
numbrr of pl ateau-like surfaces whi ch , a long the river, beco me lower in 
altitude norlhwarcl. Thry a rr uncl erhin h.\' gravrl , sand, and cla.\'. and 
a rr roorl.\' cl mi ncd , \Yi! h large a reas of S\\·amp and m uskrg." Th r <·ou n IT.\' 
as a wholr is 11·ooclcd and rock rxposmrs occur on ly whcrr s trearn s or rivers 
haYe cut Yalle.\·s through the surface drift. 

STRATTGRAPllY 
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STRUCTURE 

The s trnctm c is dcscri bed by ::\fcLcarn t as follO\n; : 

" The $[ rucl ure from _\. t lmbaska to point BrCM is simple, consisti ng of a lrnlf-fold 01· 
homocline with a low south d ip. l•'ro m c:rnnd Rapids l o Peli can rap icb t he rnte of dip is 
a bout 5~ feet per rnil c, :rnd north of c_:rand Ha pids t he dip flattens consid ernJi ly. Bu t 
soul h of P elican rapids to can '.,. the st rata to tlwir po~ iti o n in the , \th a baska bore-hole 
r equires a dip o f :1!Jout JO feet per mile. This g rcalcr dip 1Jelm1· ma~' be due, in part, to 
I he southwest <'Oursc of the river near At ha haslrn. J ndPcd the true dip is prohrr bly WC'St of 
sout h, rather th a n direc tly south , and hence stcC'per on sections in the fo rmer than in the 
lalL<'1 direction. 

The section ex posed bcLll'C'Cn poin t Br(ti(> and :\ [C' :\fun:ty is :1l111 osl at right angles to 
the a bove a nd sho ll's a loll' a nti eli11al st rnctmc (. \tha baska a n t ic-lin e). The ax is li Ps 11ca r 
Crooked rapid s a nd the dips on either s ide a rc exceedingly loll', 011 ly aboul 3 or 4 feet per 
mi IC'. 

Be low :\[c:\Iurrny the la nd on eit her s ide of the vall ey is low, rn th at the lop of I he 
i\ [ci\[ur rny for rn :ttio n soon r·p:'"es 1o be Pxposcd in I he cliffs. Hin ce the bedding of t,h is 
f01m:1lio11 is not re li :dJle fo r st rnclurnl pu rposes, thP dip cannot he ac·r· urnlely dclerrnincd 
t here . Jt p robably docs no t dcp:i r l vc' rv for frorn tiH' hori zon tal, but, ma.v have a s ligh t 
nort h or northeast dip. ' J'hi s ser·Lion is best adaptPd fo r demonst rating the H rnct m e of 
the li111csto 11e a.ncl the n::iture of the un ronform it,·. 

ln add ition lo sha ring ll'ith t he C retarco u8 sediments of the above desc rilicd .\lha­
hnska a nticline and t he long half-fold to the soutlm0st, as a nrnjor st ructm c, t he li nH's(onc 
i,; \\'arpcd into low domes of 11111C' h smaller magnitude. " 

Drilling has lwen clone on some of these min or wnrpings , buL the 
s t rudures are too small lo be important as structures sui table lo C'O ll lain 
eommercial amounts of oi l o r gas. 

OJL AND GAS llOHIZO:\S 

The l\1c::\ 1mray fornrnt io11 , eomposcd or ma;.;si \·e and crnssbcclcl ccl 
sands tones, is to a consiclernhlc extent imprrgnatrd \rit h hit urnen. Th e 
bituminous co nl enL Yari0s from place Lo place and even in different layrrs 
of the same exposmc. Thr l'i chest parts co nt a in morr than 20 per ('Ont 
bi Lu men, hut l he a \·cragc hit u minom; content is con;.;iclerahl>- less . The 
bituminous snncl s outcl'op in thi ck scet ions in ma ny plaC'cs along .:-\.lha lmska 
ri ve r from B oil r r rapids to some distance be low l\Ic:\[uJ'l'ay, and on in a ny 
of the tributar~' strrarns. Southward the dip C'arrics thcrn below younger 
depos i ls. Al Pelican , abou L 70 miles sou th west of ::\ 1c :\Iurl'ay, they were 
encountered in a drill-hole al a depth or approximat ely 750 feet. 

H has been assumed that the bi t uminous sands represent "an up­
wel Ii ng of pct rnku m to lhc su rf:tcc . . . bu t Lhc m ore vol al il c a nd 
va luabl e constituents of the oil have long si nce cli sa ppca rccl. " 2 On such an 
nssurnpt.ion it was C'onsidcrcd that oil mighL be found awa~· from the outcrop 
an d under suit a ble coyer. To test this id ea SC\'c rnl wrll s werc clril lcd, hu t 
in the cent ral and soullrn·c'sL par t of the di ostrict " no liquid oil has so far 
been found , noth ing more than the as phalt um or at best sc rni-liquicl ma ltha 
content of t he ta r sands." 3 ln a \\·ell d rill ed b~, the Ci co logical Survey in 
1897 ,' at the mo uth of Pe li can r iver on t he At hab:cska, a s trong fl ow of gas 
was encounte red at the b'tuminou s sand horizon and tarry-like mate rial 

I\fcLcu rn, F. I I .: Ceo l. Sun·., Canada, f-lum. H C'pt. 191 6. p. 1·18. 
' \fcConncll , ll. G .: C:c>0 I. Oiun· .. Canada, ,\ nn. H cpt .. \'Ol. \ ·,pt. D , p. 66 18!):!). 
a:\[cl- ea rn , F . I L : Geol. Sun·., C:rn~tda, Su111. Hcpt. l!)!G, !}. 14 !1 
•Daw;on, G. ilL: Gc'11. ,;un·., Ca n:u la, Ann . Jtcpt., ,·ol XI , p. 28 (1901). 
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filled the bottom of the hole to such an extent that fmthrr drilling 1rns 
i111poss iblc . Other evid ence of natu ra l gas in lhis a rea is afford ed by gas 
seepages, and according Lo )'IcCo nn e\l 1 : 

·'The m ost i1nporlant nat mal gas s pring in the d isl ri ct occurs on the Atl11Limska at 
t he mouth of Li ttle Buffalo river (point BrCM). The gas lwre forrrs its 1rny up through 
t hr br sa nds, th ro ug h :2;)0 fret of the ClrarwatN s ha les, and i:<S U('S from t he s urfaC"e in 
numerous sm1tll jets d ist ribu ted over an a rea fiO fret or more in di a mete r. 1-iome of t he 
jrts burn stc'1 1dil.1• when lighted until exlinguisherl by he1tvy rains o r strong winds, and 
afford su ffi C"ir'nt heat to cook a cam p mea l. 

, \ sc'c·ond spri ng was noticed on t hr left hank of th r .\Jhabask:t abo ut 13 miles brlow 
thr mou l h of l'elican ri1·rr. The volumr of gas escap ing he re is less I ha n at tlw mouth of 
l.i lt lc Buffalo ri ve r 11ncl in ordrr to rearh the sur facr it is o hl igrd to penetrate fi70 frrt of 
s halrs :rncl snndsto nes which hrrr ove rli P the tar ~a nds." " Exp lora ti ons to dale indicate 
that the :\It:\furray formntion (ta r sa nds ) is t he on ly source of gas that pro mises to be of 
c·o1nnH'rl'i1tl i1npo rLaner ."" 

The most promin ent sLructure , acco rding to )IcLearn ,0 is the low, 
broad ...-\ tlrnlmslrn anticline a nd t hr long half-fo ld (ho111ocl i nr) to the so uth­
wcs t. EYiden ce from gas seepages an d drill ed 1Yell s Ice\ )Id.earn to con­
clude that: 

··Thr ant iclin e a nd h1tlf-fo ld ns fa r do1rn the rlip as P cli ran a rc gas-bea ring rathe r 
th :tn oil-hParing" (Only liquid o il is hp 1·r eonsi dp1·rd ). ". \ ~ fa1 · a s t hl' homo­
elin a l st ru rtu rc is pffcct ivc, the poss ibi li tic~: fo r the oc-rutTcnec of oil sout hll"est 
of P cli e1rn (i.C'. doll'n tlw dip) arc bcttN t ha n for its oc·c1t1T(' 1H·c north or n o rl· h ea~ I of 
J'elic1t11 (i. e. up the d ip) ." 

In the northeaste rn part of the di stri ct , according to ) Id.earn : 
'" l'l 1c' 11·p ll s of the t\L lrni>1tska Oi ls, Lirn iLPd, opposite tlw lllOut h of DovN ri vr r, 

r ecord the presence of oi l, t' lt houg;h of 1011· g;r:lV il'" The 11·e ll s a rc a ll s lrnllow 
a nd t hr l:u ' ands I he mscl vcs ou I ernp so ( k\I I he cond i I ions of C'Over d o nol exist." 

The oi l at this place ha'i co llecled 
··J n a hoi low of the Crrtnrcous-Drvonian un conf0 rmit y . This dPprrss ion is 12 n1ilcs 

lung in I he dircC'I io11 o f t he river and oppo~ilc the lll Ollth of Dover ri ve r, at the ll"Clls of 
thr .\thnbaska Oiis , Limi ted, h:ls a d epth of :lbout 8.'i feet be low t he river a nd ahout UO 
frrt \,plow the linlC'slonr 1·im. " 

This is an interesting occurrence of oi l sinre it record s the presence of 
oil in a sy nc·linc , lhe Ptrnta bring " dry" as far as lhe presence of waler is 
COllCrt'lled. 

A sa lllpl e of gas collect eel from 1 he P e li can well by Elworthy 1 in 1916 
ancl anal)·scd by the :\Iines Branch , gaw the fo lJ 01r in g analysis: 

'd f'th:i.nc en , 
( 'a r ho n d imid <' ( ·o , 
o x, •g('ll () ., 
:\it rcwc•n -:"\~. 
( ': dorffi•· , ." IU<· p;· r« uh . ft. at 00 F. and ICO rn 111. 

Per <·ent 
8:). :-, 

I ·O 
2·9 

12·G 
.... . s:o H. Th. L 

As \rill h r notrd from the a bove a nalysis the gas 1:-; dr~-, i. e. co ntains 
no gaso lin e. 

Ft; 'ITJlE PHOS PECTS 

The cli scoYr r)' in othC'I' arras of oil in Lowrr Crrtacrous sands oec·upy­
ing the same position st ratigrnphi call y as thr Lower Cretaceous of the 
A t hahaska a rea has led to t hr ho pr that sands c·omparahlr in t hick11 rss 
to the )Ic.::.\Imray formal ion 1Yill be found over a la rge area al so me distance 

1 .\ l eC'onnell, Jl.C:. c;,,,1, :-:u 1T., Canada .. \nn . H<'pt .. \'OI. \".pt. D, p. 6 1 lS!J:l) . 
2 .\fel .c:.i rn , F. ]I .: (;l'ol. :-:un·. , C'an:tda, Sum . Hl'JH. l!llU, p. 151. 
3 .\fcl.ca rn, F. lf .: Cic•0l ~un·., Canada, ~um. H ept. !\Jl{i, p. l·I S. 
4 Elwortliy, H . T .: ".'\atural Ga:-; in .\lhert ~t''; .\l ine" Bram·h , Dept. nf .\ J" ine-:, C':1na' la, V ub. :\o Ulli. \, p. 21 

( 1!124 ) . 
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Figu re 11. l\I c1\'[urray -A.thaba.s ka ar ea , sho" ·ing po:-s i tio ns of well:; c_tnll C' d ior o il a nd gas : 

1, Nort hern Albert a Explornt ion C'o .; 2, 3, and -1, .-1.t ha hrrslm Oil an cl ;\ ,;phal t C'o .; .5 rrncl 6, 
For t McK a y Oil and Asplrnlt C'o.; 7, 8, 9, a nd JO , A. ,·on H a mm erstei n; 11 , A t habaska Oil s, 
Lt d. (S " ·e ll s) ; 12, Spokane-A t halm s ka Oil Co .: 13 a nd 14 , Akan Oil Co .; 15 , Ed mo nto n 
Ath a lmska Oil Co ., Lt d. (2 well s) ; 16 a nd 17 , l'<•lir Rn Oil '1.ncl Gas Co., L td . 
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from Athalmslrn n vc r. Accordinp: to !\1cLc:un 1 " the Lo,wr Cretaceo us 
includes . in the Athalmska section the :\[c}\lurrny tar sand s, 
C lcanral c r fornrnii on, and Grand Ha pid s fo rm at ion. " These formations 
hold the same s tratigraphic posit ion in the At habas ka sec ti on as do the 
sand :; bet ween l he hasc of the B en ton a nd (he lop of the P a la;ozoi c Ii mc­
sto nes in \Vail1\nighl a rea. Other than t hat both arc of Lo\\·cr Cretaceo us 
age no dd ini te c·o rrclatio n is at presen t poss ihl c. In Athahaska a rea l hc 
C' lcan vnJc r formal ion , 275 feet l hi e k, is, accorcli ng to .\IcLc:t rn , e n Li re ly 
m a ri11 c a nd " !he lower c·onerctionar~- member" of the Grand Ha picls sa ncl­
s ionc " is marin e," a lthough the " upper par( is of subac ri al origin as clemon­
st rat ccl h.v the prese nce of small coal beds . "~ [n l r a i1nnight area the L ower 
C' rctaccous sediment s haYc bee n co nsidered to he ent irely r1 o n-111 ar in c, 
a lthough no proo f o f !his is a vailable . The no n-m a rin e eharac·icr is inferred 
fro m (he prese nce of a nurnhc r of coal scam s logged in various well s . Coal 
a n cl carbonaceous shale 9 feet t hi e k \\·ere fo und in Bri li sh Pct rolcu rn s Ko . 
:3 a nd ;.,To 313 \\·e ll s, no t far bclmr what is con sid ered to he Lhc base o [ t he 
Colorado sha le. li is poss ibl e the coal is of abou t lh c same age as th e coal 
scams in (he u ppcr part of t he Grand Ha pi el s fo rm at ion , but such a cor re la­
t ion is qu cs lionahle a nd unrelia ble. lf there a rc no marin e shales in the 
Lower Cretaceous of \ r a in wright a rea, t hen the ma rin e phases rcprcse nl ccl 
by t he C learwate r formation ancl the lower part of lhc C:rand Ha pids 
formal ion on At hahaska ri H r mu st thin ou t en t i re l.'' before rcachi ng 
\\rail1\night a rea. If thi s is the situ at ion, the marine ph ase in Athahaska 
arcn, mu st have a shore phase toward lhc sou t heas t \\·here th ere would he 
some a lt c rn aL io11 of marin e shales and sands, a nd such a pl ace under 
s11itahle siTuctural co ndi t ions would be a ve ry favo urable location fo r 
oi l acc umul at ions. It has a lready been clemonst ratccl by Briti sh Petroleums 
Ko. 3B well, in \Yai1rn·right area, that the Lowe r C'retaccous co ntains oi l 
o f economic imporLancc, fiO that th e area northwcslwarcl should offe r 
eq ua ll y as favourable , if not more fayournblc , opportunities for o il , pro­
Yicl cd , of course, oth e r eo nclit ions fi uch as st rn ct urc, etc ., a re eq ua ll y as 
good as in \Yainwrigh t a rea . 

A ccorcling to J\lcLcarn ,'1 " the Colorado group i ncludcs 
in the r\ t ha bas k: t vallc» the P eli ca n shal e, P e li can sand stone , a nd lo\\·c r 
LaBiehc fo rm at ion," \\·hcrcas t he Cpper LaB iche is " of :\[011t :rna age." 
Th e P eli(' a n sha h>, P eli can sand ston e, a nd Lower LaBieh e arc thu s of the 
sam e general age a'3 t he Henton in \Vn,inwright area. The Lea P a rk form­
a t ion i 11 \\' ai n wright a rea is l\Ion ta n a in aµ;c (Lo11·c r Pierre ) a nd possibl y 
is a corrcl a ti Yc of the l'ppcr LaB ichc, sin ce bot h arc 111 a rinc sha les. The 
co mbin ed t hi ckn css of t he P elican sha le, Peli('an sand stone , a nd l aBichc 
formation is less Lhan the t hi ekncss of the Lea P ark a nd Benton in \\'ain­
\\Tigh! area , a nd pa rt of the Peli can :;andsto 11 c in At habaska area is no n­
rn a ri nc. Su hacrial co n cl i ! io 11 s sec 111 to ha Ye preYai lccl farthe r west as the 
P eli can sancl st·onc,1 onl y 35 feet thi ck on Alhahaska ri Ye r, is correl ated 
with th e Dunvcgan san ds tone o n P eace Hi vc r a rea, 530 fee t thi ck. Thu ~, 
" ·es t ward fro111 Ath:thaska area there is an appreciab le thi cken ing of t he 

1 :'\k l.enrn, F. H .: l; Tn ,·C".tigations in the Ga:-' and Oil F ields of. \ lhcrt::1, Sask:itchcwan , :rnd .\fanitoba"; Gc'>L 
~urY .. C anada, .\! cm. llG, p. 127. 

z .\ f t L ca rn, F . 11. : "The Aihahask:1 Hin'r ~c-~·tion"; Ceil. Sun·., Can::Hla.. Sum. Hcpt. IOIG. 1>. 148. 
3 .\ff' l .car{] , F . l f .: " Tn n~:-; t igation3 in the Ca:-; and Oil Field.-; of Alberta, f-!a;-;katc:hcwan, and .\tanitol>a"; Geo\. 

~u1T .. Canada, .\fern . J J(i, p. :rn. 
~ ~fcl .cam, F. H. : "Cretaceous, T.ow cr Hmoky Hi\·cr, Alberta"; Geol. Sun· .. Canada, Sum. H cpt. HH S, pt. C, 

p . 4 . 
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suhar rial cl r posi! s, \rlwrras so utlwast ward t hrrc is an in r reasc in th e 
thicknrss of m a rin e deposit s . The situat ion thus suggrsts that possibly 
during C'o lorncl o ti111 c :t sea C"O nt inu ously occupied \Vai ll\High t a rea, ,,·ith 
a shorC'-lin c fo r pa rt of thC' time sou thrast of Athabaska area, where sub­
ae ri al de positi:; were fo rm ed , and hence it is possib le that so rn ewhc rc hct 11·re n 
Ath a lrn ska a nd \\-ainwright a reas the rr m a~· hr a lt r rn a1 ions of marin e 
shal e:- and sands, as should occ ur t0\n1nh t he shore-lin e wh ich reprcse nLs 
thr southraste rn r cl ge of t hr suhaeri a l clrposits of thr Prlican sa nd s. Oil 
a nd gas have a lready been fou nd in \\ 'a inwright-Yikiug area in sands near 
what is co nsiclC'rr cl to be t hr hn sC' of th r Co lorado. The P r li ean sand s in 
Athabaska area a rc on ly 90 feet a bove t he base of t he Colorado ,,·hi ch 
co nsists o r 111 a rin c s lrnl ~:- . Thr P eli ca n s:wcl s 1 hu s hold a strnt igrnphi c 
posit ion so mr what similar to t hat of t hr sands from whi ch oil and gas 
ha\'C' bee n produC"cd in \Vainwri gh t-Yikin g a rea, a lt houg h i t cannot he 
said t hat th ry rl' prescn t th e same hori zo n. Their prrfie nce , however , 
j us tifies the exprdation that sand br ds in th e m a rin e rormat io n 111 a>" be 
fo nnd onr a wid r area IJC' t1rrr n \Yai rnHight a nd .Athahaska a reas. Such 
sand beds und er fayourab lc st ru ct u ral co ndi t ions would offer fayourab lc 
locat io1 rn for o il a nd gas aC"C" umula tion s . 

As indicated above i t ic; pos::; ibl e that t 11·0 oil h orizon s m ay underli e 
la rge' a reas brt 11·rr n Athahaska an d \\' a in wrigh t di s trict s . On e h orizon is 
in the Co lorado a nd the othe r in the Loll"er C retaceo us. At a ny locat ion 
in thi s area !herr is a possihilit>· that both hori zo ns may lw present , h u t the 
t hi ckncfis a nd oil content a rc likely to Yary \1·idely . Drilling to test the 
poss ibili ties or thC' reg ion should be d onr onl y 11·hcrc tlw re is a local s truc­
tu re of sufficicn t magnitude to cau.se oi I or gas accurnu lat ion s. 

The 1\!Ic:\Imrny, a no n-ma rin e formation , is no t li kel y 1.o ma int a in over 
a wicl c extrnt the thi ckn esfi di s pl ayed on Athabaska ri ver , for part of thi s 
forma tion at least is a d e lta d eposit tha l apparc n tl~r thins to the sout hwest 
to ave r>' fi ma ll t hi rkness , as is sho11·n by t he log of the P C'li can \Yell. Its 
ex tension iu othe r direc tions ic; unknown. It is bclie\·rd that the oi l that 
gavr ri se to t he I itu rn in ous sands rnig ratrd 1.o the sands in which i t is now 
fo und. There ifi a much greate r developmen t of m arin e beds in the Lower 
C' rrtaceo us in Atlrnliaska a rea t han in \Vai nwrigh t field a nd a locatio n on a 
favourable st rn ct m e at some di stance from Atha baska riYer would seem 
to o ffe r the best poss ibili tirfi to trst 1rhat is co nsidc rrd to he the bcttrr of 
t he two hori zons in \Yhi ch oil h afi been fo und a nd which haYc been developed 
to some cx t r nL in \\'a inwrigh l fi e ld . \Vr ll s located where there is no local 
s t ru ctm e a rc no t likely to be fi ucccfisfu l in finding oil o r gas in commercia l 
q ua ntities . 

ORTGl K OF 'l' ll E OIL I~ Till~ " TAH SAN D S" 

The prese nce of oil in t he bi tuminous sands of t he :\Ic)Iul'l'ay formation 
ifi 11·ell kno1rn. )IcC'o nn e lJl rrg:ncl ed the bitum en as d r ri ved from the under­
lying D evo nian lim estones, a fi i fi sh0\n1 b~' the fol!o,1·ing sentence from his 
report: " Thr arnoun t of pc trnl eurn whi ch mus t have issued from t h e 
undrrl ying lim eston es cannot now hr efit im a t ed , as the 
conditi ons o f' oxidation a nd thr o ri ginal compos iti o n of the oil a rC' unkn oll"n. " 

Th e con tart of the P alrr'ozoic lim esto nes \Yi th the overlying )Ic:\Imray 
formation ic; an erosion surface a nd m a ny cracks and joi nts in the lim e-

1 .\fcConnpl\. I{. C.: " lfrr>ort on ~1 Poriion of thf' D i~t ri C'l of Athabasca Hi vcr :1\onh of l.c:.;:;;cr Sl.t\'O T.akc"; 
Geo!. Sun·., Canada, Ann. Hept., vol. 1·, pt. D, p. 65 (ISU:J ). 



97 

stone a rc fi I led \ri th bi t u men. This has he en interpreted as nwaning that 
t he hi t u1n e 11 carnc from bc lo11-, huL i t see ms more reasonabl e io suppose 
the cracks and joints 1Yc re fill ed hy seepages from above. The limestone 
as a \\·hol e is den se , white , a nd free fro rn liiiurn cn. It is difficult (o under­
stan d ho"· such a great migrati on of oil could take place unl ess a long 
fi ssures. Jf :1 migration from belo\\· did take place the n there rnus( he a 
rese rvoi r in the lim esto nes or below t hem from which the oil " ·as dcriYccl 
a nd of whi ch e1·i dcncc should s till he availab le . 111 the vici11it ,. of l\Ic­
l\f u rray ( wo wcl ls, of wh ich cores were obi ai nccl, 1Ycre clril led 1h1".ough t he 
lin1 e8(011 cs in the search for sa lt.' Th e reco rds of two well s drill ed lo the 
granite a( the m outh of H orse n ec k a( :\[c:\ Iurra>· arc also ava il ab le. In 
none of these wells was lhNc a ll\· indi catio n of a n o il resc tToir front which 
t he oil in t he bituminous sands ctHild haw bee n derivecl. In t he log of the 
salt \\·e ll a( !\Ic:\Iurray there is a sharp cha nge at a d ept h of 500 feel, from 
m assive, mo((]ccl lim esto ne (o gypsum and a nh ydri te , whid1 wii h sa lt an cl 
thin intcr!Jcclclecl sha les. continue for 185 · 5 feet (depth of 685 · 5 feet), at 
which point drilling was sto pped. Xo incli cnt ions of o il were found. In 
t he log of sn it \\·e ll ~o. 2 drill ed at W ate rn·ays the Jimcstonc-a nh ydri te2 

con(a("( w:u; founcl at a dept h o f 415 fer!. ,\n alicrrrn(ion of gypsu rn , a nhy ­
drit e, nnd a s light amount of sa lt with dolomite beds continued lo a depth 
of 782 fr c ( and at 785 feet the' Preca rn!Jri an wns enco untered . r\ s in 1'\o. 
l " ·e ll no indi cat ions of oil were fo und . Thus it is hi?;hly impro liabl e that 
the oil now found in the hit 11 mino11 s sand s came from a resc'n·oir eii her in 
the Ji mesto nes or belo\\· them. 

,\ s incli eat io ns of oil oecur in Lowe r C're(aceous s(ra(a in l\"a ill\uight 
a nd ot he r a reas it is mu ch more rea. onah le to assume that the bitumen in 
t he hi ( u mi nous sand s originat ed in (he L01re r C retaceo us s( ra( a or which 
t he )Ic:\[urray formation forllls a part a ncl t hat any bitumen no\\· filling 
cracks a nd joi nts in the upper par( or the D eYo nian lim cs(OllCS i;o; due to 
cl o"·n1Yarcl scepa?;c uncl er gravitational influ ences. Such a co necpt ion of 
o ri gin irnplirs thaL the Lowe r C'rc(accous s trata ha1·c been ea pniJl e of 
formi ng a very large amount of pe troleum nncl t hat the bituminous san ds 
a rc (he res id uc le ft as a resu I( poss i ill y of cvapora( ion of (he I ight e r co n­
stit uents of the oi l at t he outc rop, the oxidation of the oil , and cha nges 
du e to co11(ac( " ·ith sulphate wa ters, etc. 

Tn a wrll drilled at the m oui h of H orse creek the top of t he lim estone 
has a n e levat ion of about 800 feet above sca-lcYe],'l whereas at Pelican, 75 
mil es so utlrn·cst, t he elevatio n o r the (op of the lim estone is abo u t -l-00 fret. 
The clip of the surface of the limestone i:::, thus, about -±00 fee( in 75 miles, 
o r slight I» 111ore than 5 feet a 111ilc. Thi s is not the clip of the Pal IT'ozoic 
strat a, sin ce the top of t he limestone is a n erosion sur face. ln the P elican 
well (hr pa rt of (he :\ [c !\Iurray fo rm at ion represe n tcd hy .-and s is Ycry 
thin , whcrca::; it is 110 to 180 feet in the A thabaska section. The clip of 
the C're( aero us heel s would he (he clip of (he Ji mesto nc ~ urface, i.e. a hou t 
5 feet a mil e, if t he sands at Pelican in whi ch heavy oil was l"ound were 
eq u i va lrn L to 1 he basa l beds of (he :\1e:\1urray formatio n at 1\ [c:\ [u rray. 
lf, howeve r, the oil-bearing beds aL P elican arc cquivalc11 t lo the highest 

1 Sce~nd Ann. Hrpl. of the \ fio. Hes. of Alhrrta. 1n20, pp. 111-11 2. 
z Fourth . \nn. HcpL of the ;-.;ci. and Indust. H C'~. Coun. of Alberta, 1923. p. 50. 
3 ln\·C>.; lip;:ttion:-; in the Gu8 :tnd Oil Fields of .\lhcrta, ;o-;a~katchcwan, and Jraniloha"; Grol. ~un·. , C':tn:ida, 

Mom . 1 l ti. p. s:J. 
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beds of t he :\Ic::\Iurray form a ti on at )[c)[mrn>· th e clip woulcl be a bout 
8 feet a mil e. It ma>· be safely co ncluclccl , therefore, that the regio na l clip 
bet 11·ccn :\Ic:\Iurray a nd P eli can is a sou t hwest clip at a rate of between 
5 a ncl feet a mile . Ruch a regi onal cl ip could cause t he mi grat ion of oil 
towa rd the outcrops if there we re a n>· move ment of \nite r up the clip. 
Assuming that t he hydrauli c t heo ry is a ppli cable, wate r woulcl e nter 
Lower C retaceous rocks in th e foo thi lls a rea and m ove slowl y towa rd the 
lower elevat ions of the out crops o f these fo rm ati ons in th e pla in s a rea. 
The m ovem ent would be cas t ward 0 1· northeast ward t oward t he outl et at 
t he out crops of the Lower Cretaceo us on Atha bas lrn rive r a ncl a n>' oil 
a ncl gas in the wal er-bearin g hori;1,ons would be flushed t o\\'a rd s the ou tc rop 
a nd the b.1 urn inous sands " ·oulcl resul t from the alte ra ti on of o il at the 
ou tc rop du e to th e loss of t he ligh te r constituent s by eva pora ti on, to 
oxidat ion of the oil , and , poss ibl y, to cha nges resulting from Lhc contact 
of the oil ' '" ith sul pha te-bearin g wate rs. It should be remembered , a lso, 
t hat a mi gration in At hab a:o:ka region would be up the cli p, that is in t he 
cli rcc t ion (ha t o il a nd gas wou lei te nd to move on account of t· hci r buoyanc>' 
a nd a n>· effect from t hi s rnusc would a id lhc Hushin g effect clu e t o 
moving waters. Huntley t expl ain ed t he bitumin ous sands as due lo oil 
produ ced in th e " D ako ta" fo rm a t ion as a result of defo rmation a nd caused 
t o migrat e by t he Hushing effect of wa ter. No fl ora of the Ly pi cal Dakota 
fornrnti on lrns yet been fo und in C'a nacl a, 2 so tha t a ll Huntl ey's co nt cn­
ti orn; rnay not ncccssaril v hold , bu t i t is in te res tin g t·o note th at he rega rds 
the c-o ncc n t ra t ion of oil at l he ou lcrops on Atha baska rive r as havi ng 
r esul ted from the flu shing effec t of unde rground " ·atc r move ment. 

E ASTEHX PEA C' E HI\"EH .A.HE.A, ALBEHT A 
B y C. 8. Jfo me 

H cfc rC'n<·C'~: i\fc-LC'a rn. F. Ir. : (;po l. i-1u rv., Canad .1 , i-1 um. Hcpt. HJ ] 7, pt. C : C: C'ol. 'i urv., 
Ca nada, i-1 um . H.C'p t. Hl1 8, pt. C'. 

Dowlin p; , D . B., i-1 lippC' r. 1-1 . E ., and i\kLcarn , F. 11 . : C.:co l. Hurv., Cnn:ccl n, 
i\ Icm. 116 (191!) ). 

(8ec Figmc 12) 
PTIYSTO GR A PllY 

P caee ri n r fl o ws from the British Co lumbia-Albert a bound a ry cas t­
\rn rcl to t he town of P eace Hi,·rr and from t here n ort h11·ard to \" c1:milion. 
At the to \\"n of P eace Ri Yer the ri ve r vall ey is a bou t 800 feet be low the 
leYel of 1.hc bordering pl a teau co un t ry, but Hie dep th of the va ll ey graduall y 
dec reases n orl h \rnrcl , un ti l at \' ermi I ion chu tes " ·here Ii mes! ones of 
D evo nia n age form ledges in th e ri ve r the ba nks a re q ui te low. Al ong t he 
pa r t of the ri ver bch1·een th e t o,rns of P eace Hi ve r a nd \'c rmilio n, t he " Ham­
pa1ts of the P eace" occ ur , the s tee p vall ey \rnll s being fo rmed of beds of 
sandstone. ·w es t of Dun vegan , sancl st·onc beds of the Dun vegan forma tion 
fo rm high eliffs 11·hi ch in pl aces \\'Ca ther in to cast ellated fo rm s, bu t in other 
pa rts t he vall ey sides a rc more round ed , a ncl in pl aces terraces occur. 
The co untr>' a way from the ri ver is pl a teau-like, par t of it is open prairi e, 
bu t th e la rger pa rt is \\"OOcl cd . r\i" so me di s ta nce from P eace ri ve r, the 
t ribula r.'' s treams fl ow on the pra irie leve l, bu t close to the ri ve r t hey have 
cut dee p valleys. 

i lf ulltlc·~·. L . (:.: "Oi l , C:a~. :incl \\'ater Content of Dakota S:md in l:tn::t lb and l "nitccl :--\talc.~"; 'Tran~. _\ m . 
Inst. ~f in. Eng .. ml. 5 ~. p. :14:1 (1!1 15). 

:! .\ fc l.c:trn, F. H .: '·Peace HiYcr Can ~·on Coal Arca, 13.C."; S11 1n. Rcpt. 1!)22 , pt. B. J>. 6. 
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STRATIGRAPHY 

Table of F'ormalions1 

900 feel+ 

4~0 fret in the i'mok,· \l i\'('r 
spc·iion (0:-:.t imatf'ciJ 
.O:JO kC't in t Jt p Pc·ace R iv­
c r :-:.cction 

560 fret lcsl irnatcd ) on 
Rmok::r ivPr, n1ueli thick­
C'I' in t IH' wPst Prn scetion~ 
of Peace riV(' I' 

UppPr s:uHl stonl' 
130 feel (max. ) 

~f iddl 0 s ltal0 
:Jo feet 

Low<'r sa.ndstonf' 
IGO fcl'l (max. ) 

Thin' north\\'ard 

1,100 feet lwlow to\\'n of 
P caC'c Hi\'cr. ' fay he 
thidn' r on ~rnoky ri\"P I' 

Thick, massive, rros,hcddcd sand­
stcrn0 with sornP 1rrrv to dark 
~arho'nac·rous. shale;, ·Thin <·oal 
s<•a rn s. onf' of "·hif'h is 180 feet, 
and anol h<•r ;;so k<'t above· the 
base of the formation. Conti1wn­
tal 

D a rk. friable shal e "·illt thin beds 
of sand sto1w 1war t lH· top. I ron­
stone ro1u-rt•t iona.ry ba.nds 

CoarsP sand :-; t one· wrn,t h0rina: red­
dish bro\\'n , 10 to 25 fed th ick. 
M arin0 

Thin-hcclclecl 'and stonc and shale at 
t l1C' top, h0low wh ieh ar(' dark, 
friable sl1alcs and papf' r- thin (':tr­
honarcous :-.hales with ron<'rction s. 
Marine 

~ f :t ss i\·f'. conf'rrtionary, and <"ross­
lwddc•d S>LIH!ston<'. \\' ith shale. 
altPrnating with thi('k zotH'H of 
thin-l>C'cld C'd sandstone and shale. 
~omP thin crnt! s< 1am s in thf' (·on­
t in('t~t al dPposit s. ~uha<·rial and 
mar111P 

Dark , friabl0, an d pap<'r-thin «ar­
hona<·Pou~ shalP. with ~o n1f' iron­
stone banclb and <·01HTCt ions 

-:\I ass iYc, "·liitc to <·n·am-<"nlourcd, 
«rosshcddcd sands ton e \\'ith a 
d isl"on1inouu" lignite• scam. The 
upper t':-\andstone thins nortliw:-trd 
on Pf'a.(· (' ri,·cr, where the upper 
part is r<' pla« <'d b_,. b0cldcd sand­
stone and shale of marine o r igin 

13lue . b lae k , fr ia\Jlt• shalt'. 
Marine(.' ) 

Top i::; n1n. s~i,·c' and <·rossl)('<hlPd 
with la.rgf', sph 0r ical conc·ret ions 
pass ing downward s into bedded 
sandstones and sh :d<'s \\'Ii ic·h arc 
ma.rinP. The top 1na.y be sub­
aPrial 

Dark blue to dark grey, friab le 
shale with so 1ne ironstone con­
C'rctions. \ \ here pPtlC'{ ra.t C'd b_\r 

wPlls nf'ar lo\\·n of PPac·c lli,·rr 
sec! imcnts :1. l' C' a rC'mtc·C'ous near the 
base of formation. Where exposed 
the shale is mar ine 

Palmozoic I i1nestonc series 

1:\l cL carn, F. H.: Geol. Durv., Canada, 8um. H cpt. 1918, pt . C, p. 2. 
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STHC CTl;RE 

The st rnctme \\·ithin P eace Hi ver area has been clesc ri bed hy ::\IcLearn 1 

as follom; : 
"Eastw:ucl to scvl' rai m iles IJp]ow :-;1. J o hn the st rnct urc see ms Lo be :t!mosL fl:tt-. 

l\ca r th l' :\01·1 h P inc ri vrr a nd do11·nstrea m the struct m e s tee pens wi t h a n e:1st dip, ~o :i s 
Io bring I he Dun vegan sands! one :t llllo8t Io ri ver-level a few miles he low I he mou th of 
·1\:iskat inaw ri ve r. F rom here lo the bend at ;\l on t :1gne 11 se ri\Tr the structure is fl a t. 
The sec tion is cast-11·est to t his point. Frnm I he mouth of :\Iontagneusc ri ver southw:1rd 
a north-sout h sce lion is rut and here a smal! so ulh dip is rcven led. \\"here the rivl'r turn s 
e:1s l. pas t Dunvl'g: rn :tn <':1s t -west Sl'ct ion is aga in exposed and flat st ru ct m c ind icalcd. 
Beyond t he mouth of Burnt ri v1'r i IH' l 'r'<1ce turn s lo the northeast and so continues to l'cacc 
Hi ver. l [ere I he sl rat :1 ri se downstrea m :tnd t he in!'linatio n nc:tr l'eace Hiver a mounl s to 
some -±0 feet per mi le to I he soul h . 

F rn m f'pacc H.ivc'r northw:1 rcl a no r th-so ut h ser lion is exposed :ind at firsr, reveals a 
so ul h dip of LU feet pe1· mi le . In t he vic in it~· of :\o. 2 we ll and exte nding to T :t r is lan d the 
st rncture is prnrtica ll .\· fl:tl , all houg h there is probably :1 s lig hl ri se of 1 or 2 fcPL per mile. 
Dmrns lre:im from IH're t here is a s light dip north of a fp11· fret per mi le to a point, a houl· 
10 mi les be low the mout h of C'adottc river. Be.\·ond t his the re is a ge n I le risr :111d a final 
fl:1l ll'n ing 0 11 1. The above st ructure appliPs lo llrnt obHc rved a bove l'ive r-levc l. Jt is poss i­
ble, holl"evr r, owing rn the t hinni ng of the I oo n J{ivcr shales no r thward :ind I hl' conscqucut 
r ise of I he li mestone co·1l:1ct, 1 lrnl t,hc lower s l rnla be low ri vl'r- lcvel, whi ch wou ld he rearhrd 
hv dri ll ing;, 1rnuld he $lig; htly tilt ed soul l11rnrd as compared with t he ovt• rh ·ing sl rala 
above ri ve r-level. This a ppli rs pa rticula r! \· to the sectio n no r th of T ar is land. " 

To the so uth of P eare HiYe r, on Smoky riYer, ::\1cLearn 2 desc ribes 
t he maj or s tru ctu re as : 

··.\ rnuth dipping homocli11P or half-fo ld , the north side of a l:trgc syn!' lina l ha8in 
whose nxi~ i' sout h of 13eza nson. " · ' ::\o undu latin11; st ructure of :111licline and S\·n clinc is 
s uperposed on t hP rnnjor st.nwl urC'. Thrrc is co ns idcrnble change of dip, howl'vcr , :llld :1 
few miles a! >OVl' t hl' n10l1I h of t he ri ver a rnt hcr poorl y ddinC'd le1-rac·e. D e ta ils of t lw dip 
nn' giVl' n in the tab ll' be low . . \ LIC'nti on i., [·:died t o t he a lmnst fl at st ru rt u rl' revea led hy 
the easl -11·e~t sl'el ion from B:1d Ir cart r ive r to the g re:1t bend onr 111 il c eao;t of the cast 
bou ndary 011 range 25; this s how.-; tlmt tlH' genernl strike is praeticn lly east-11·cst. " 

'.lfouth (Srn oh · ri1·l' r) to I 111ilc >outh of nor t h boundary of t p. 81. 
] .al I Pr to 'outh bounclar~· of 1 p. 8 1. · 

middi<' of tp. iD . 
~out Ii of :--;rno k y ri\·e r 
sout h bou ncl >i ry oft p. 77 . 
witli in 01w mil(' ca:-;t bou ndary range 2.1 .. 

Y.T o utli H:.td _l h·ar l ri\·cr to Puskwn :-;kau ri\·(· r . 
L all<' r to h o r>!':<h o!' hl'nd :ti>OI"(' l'u>kwa,kau ri\·c r 

2 mil<'s i >C' low KIPskun ('rCf'k . 
11 1 idd k of tp. 72. 
f(' IT>" \ir•\011· ]l( ''-'L IM)ll. 

~\r o ut Ii H ad J h·art ri\"l' J' to t milP t':l;-;t of <'a;--;t, hound:tr,\· ranµ;C' ~.). 
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From thi s iL would ap pear t hat the st ru ct ure in Smoky !liver a rea, as 
well as al ong P eace ri Yer, is ve r~' gen lie and nowhere has a cli p of as much as 
one degree been noted . ~ince from the t o\rn of P ence Hi,·e r northwards 
the clip is south,rnrcl t hi s southmird clip is probably rt contin uat ion of the 
southwn,rd dip noted in 8moky River area, North of Tar i ~ l ancl , on Peace 
riYer , there is a nort lrn·md dip of a few feet a mil e, so tha t t he n est of lhis 
broad sf ru C'l ure is some\\·here in th e vici ni t~ ' of Tar isla nd , although th e 
strata at t his place me pract ically flat. The crest of the st ru ctm e is, thus, 

1 .\J c· ! r:i rn, F . Ir.: GM!. ~u rv., C:rn:idn, kum. Hept. Hll7, pt. C. pp. 18,HJ. 
2 .\le i earn, F . lL , (;po\. Sun·., C':inada, :--lum . Hc·pt . HHS. pt. C, p. 5. 
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probably quite broad , but it is interesting to note i ts occmrcncc in this 
locali ty in v iew of the fact, accordin g lo Camsc ll ': 

".\ sprin g of natura l gas is s ituated at Tar is lrtnd on Peace ri vr r about 2!5 miles below 
J'r:trr Hivcr crossing . Thr ga~ ri ses with salt ll"alcr and some ta r among i,hc g ra,·c l a nd 
boulders at t he upper encl of the island. The Aow of g:lS was roughly calculated to be 
about, 3 or .J cubic feet p<'r minutr. " 

The occurrence of gas and tar at this point may be clue to the broad 
s( ructurc a l ready clesc ri bed. 

OJL Al\D GAS H OIUZOJ\S 

Tn 1917 oil \1·as s (ru('k in :\o. 2 ,,·ell of the Peace HiYcr Oi l Company, 
abo u t 15 mil es below Peace Hinr. The oi l, according to )[cLcarn ,2 

oecu rs in two sandstone horizon:-; ;' 11 rar the base of the Loon Hi,·cr an d not 
far above the lim estone cont"acL" The upper sandstone \\"as encountered 
from 8-1-2 to 9-1-8 feet in the drill hole. 

". \ boy~ 852 feet this bed yielded gas; from 852 to 90-5 feet. it contnined a highly 
vi.;cous oil; from 90:) to !) 10 feet it carried salt water; and from 910 to 9-1-8 feet was Jirmly 
cemented and barren of oil, gas, or 1rntcr. Bcloll" this is a 14-foot shale bcr!, follo\\"ccl below 
from !lG2 to 1,0:3:.l feet by a second nil sand. This is impregnated with oil of a somewhat 
hl'tter quolity. Thi8 horizon would produce a few barrels per clay." 

Al so, accorcli ng to )IcLcarn: 
"Oi l of similar gnl\·ity \\"US found at the corresponding horizons in the Xo . 1 well 11 

n1iles downst ream. The two sandstones arc of less l hi ckncFs here :\lld the sha le bci,wecn 
thicker. The thinning of these oi l sands northll"nrcl no doubt limits the po~sibi lities of 
explornt ion in that direct ion , sin ("C \Yi t h their clirnppcaruncc there would he no reservoir 
lo co ntain oil." 

In the :-; moky Hivn src tion :\ kLearn ~ foun d no strueturr rspreiall y 
favomab lc for oil. U c drseribcd a terrace in township 8 1, range 23, but 
with low clip on the north side. Thi s is t-11 e on ly structmr i11 this arra that 
appronehes a suitn,bl c structu re for oi l o r gas accumu lation, but the clips arc 
so gent le that its va lue is rather doubtful. 

Since the drilling; of the \Yell:-; h.v the Pence Hivcr Oi l Company, a 
well was complrtecl in 1923 h_1· H. L. "Williams and Compan.1·, Li111itrcl , on 
SE. \ sec. J 1, tp. 85, raug;r 21, \V. 5t h m er. , and a depth of 2,810 feet was 
reac heel. The Devonian l i in estone is rrport cd to have been e11cou n tC'l"ccl 
s li g;hLly above a depth of l ,,IQO fecL and below thi s limestone and shale of 
Paheozoic age occmrccl to thr bottom of thr hole. Ko fl ows o f o il or gas 
were reported from the Pal:.-cozoic rocks. In 19 J 6, according to Cam sell: ' 

··At \"crmilion rl•utPs :1 drill-hole w:ts driven lo a dept h of 8GO f>'et. hut at tli:tl depth 
an :l("e ident happe11 ed lo t he ste m of the drill whif"h prevented the hole being dri,·en any 
fartlw r and dr ill ing ceased ll"ithout h:wine; st ruck oi l. The J"O("ks cut in this drill-hole arc 
Devon ian li mestones :llld shales whieh li:tve a ~ light dip to the 11·cst11"ard. The upper 
beds arc porous and impregnated with bitumen, and at (\\"O or three points in the neigh­
bourhood heavy bl:u·k oil comes to the ,, urf:trc in springs." 

Thus, drilling to date in Peace Hivcr a rea has shown the presence of 
oil in sands tone bcclR at lhc base of the L oo n Hiver form ation of Crclaccous 
age and a lso the presence of oil has been recorded in certai n placrs in t he 
upper part of t he D evonian. ?\o \\·ell so far drilled has, howeve r, fo und oil 
in commer cia l quantities. 

1 C:i.m:.::cll, C.: Gcol. Surv., Canada, :--:um. Hcpl. Hl1 6, p. 148. 
1 :".lcLcarn, F. lL : Geo!. ~UJT., Canada, f.;um. H C>pt.19 17 , pt. G, p. HI. 
3 :- rcLearn, F. ll. : C:col. Sun· .• Canada, Sum. Hept.1918, pl. C. p. 6. 
1 Cam •cll, C.: Gcol. c;urv., Canada. 1-ium. Hcpt. JU 16, pp. 144-145. 
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F 'gu re 12. Eastern Peace River area, Alberta, sho\\'ing posit ions of well s d rilled for oi l and gas; 
numbers designate t he "·ells as given in t he tab le, page 103. 
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Charncler of the Oil. A sampl e of oil from \Yell ?\o. 2 P eace Hiver Oil 
Company, coll ec ted hy F. H. M cLearn and analysed by the :\fines Bra nch, 
gave the following res ults:t 

Spec ific grav ity at (i0° F . 08 l 
Dis tillation tcst -

llclow lo0° C . . 2 '< 1,y Yolumc naph tha 
lfi0° to 200° C. .J· 87 
~ 00° to 250° c . ;; . ~ 
~00° to :ioo° C.. :;1;.z 
~co0 to :izs0 c. .. 5 · z 
Jlesidue a nd loss. 2G· :> % 

Accorclinp; to ::\IcLearn ,2 " lhe oil from P eace Hivc r 'cracks' at abn or­
ma ll y low tern peraLureR. This phenomen on begin s at 200 degrees a nd is 
parti cula rl y acl ive bet ween 250 a nd 300 degrees." 

F C'l'UHE P JWSPECTS 

The crest of a broad st ruc !m e occ urs in t he v icinity of T a r isla nd a ncl 
it is surely m ore th an a coin cid ence lhat a sce pap;e of ta r a nd gas occurs 
on Tar island nnd t hat so me oil ,,·as fou nd in sui tabl e sands tone hori zons 
in lhe Loon HiYcr fo rm a t ion m wells drill ed in this area. ::\IcLearn '1 has 
pointed out : 

".\ s f:t r a~ st rurtme is rfTret ive (in ronrcntrnt ing oil) it ~hou l d hr' notrd 
that it is of a g<' ntl c nn t m c north o f t li 0 wr lls (P P:wr H iwr O il Com pa ny). \\·ilh vr 1·y low 
cli w. Thr rnndil ions obta ini ng al thr wrlls, t herefore. might hr cx prclcd lo p revni l ovrr 
a eonsid r ralilc arra from t he wl'lls no rt.h , li mited in t hat dircdion more part icularl y by 
t il l' wrdging out of t lw s:rn<i8to1ws. " 

Sin ce, ho\\·cve r, t he s! rncture is so gent le t he results from the \Yell s 
already cl rill ed may he taken as a fair indi cat ion of wha t migh t he expected 
lo be fo und h~' drilling over a mu ch wid er area. From what is at present 
kno\\·n of the struclure no area more favo ura bl e t han the one which has 
been tcsled can be ouUin ed . It is unfort un ate that more prono u11 cecl 
fo lding dors 11 ot rx ist in th i;,; a rra, for , excepting the s tructure , other 
concliti o11 s appear favo urable fo r oi l. 

l ,orat ion 
Xo . \\ ell 

2 
:i 
4 
5 
6 
7 
8 
g 

10 
ll 
12 
l :l 
14 

L .S. See. T p. 
---------

l'earr Hi ,·rr ('il Co., >:o. 4 :~ I 

Praec· Hi,·cr Oi l Co., >:o. 16 H 
P C'af·c ll i\·e r (.i i Co. , C\o. :; , G ·1 
l'C"tH'(' 1l i\·e r Oil Co. , J\:o. 4 . 9 2·1 
l'L·:1ec Hive r P e t roleu m L td ., >Jo. I. H.L . g 31 
Peate fl ivc r P er to leu 111 l , td ., >Jo. 2 . g ~8 
l'cal·e lli,·c r P e troleum Ltd. , :\o. :i . . 9 ~8 
>:"orlh 'I'ar ifi e Oil Co .. 10 ll 
T a r bland Oil and (;a,; Co . 1-1 24 
\ ' irtory Oil Co .. Ko. ll :ll 
Canadian Petroleum Lld. , Ko. l. SF . . \ 11 
Canadi an P et ro leu m Lld ., >:o. 2 . f.; l ·~. .~ 11 
H . L. \\' ill iam s. SE. : 23 
I' . i\l. Oil Co . . 7 36 

'.\ l"cLcarn, F . l L: Gcol. ~un:., Canndn, ~u rn . Rcpt. 1917, pt. C', p. 10. 
:? ~l e I cnrn, F . JI . : C:col. :-;un' ., Canada . :-.=.u1n. Hcpl. 1918, pt.(', p. 6. 
' '.lfc l.carn, F. If .: Ceo!. Hun·., Canada, Su m . Hcpt. 1917, pl. C, p. J!). 

8.5 
H.5 
8.'i 
8;) 
s:i 
87 
87 
8.5 
8.5 
8:l 
85 
8.'i 
8:) 
s:i 

Depth 
Hange ?lier. 
---------

Fee t 

~o 1, 1:rn 
21 1, 125 
2 1 1, 282 
21 30.5 
21 1 , 162 
~ o 8\)7 
20 890 
21 8.iO 
21 1,087 
21 1,807 
21 1, 275 
21 ~.008 
21 
22 130 



10-1, 

IYESTERN PEACE RffER AREA 

Bu G. S. Ilwne 

Hcfrrrncrs: :\Icl.rarn, F. II . : '·P eare Jlivcr NrC"lion, , \ Jlic rb '' ; Ccol. Nurv., Canada, 
Num. Hrp t . Hll7, pt. C, pp. H -'1. 1. 

:\IcT.rarn , F. 1 L : "Cretaceous, J~oll'r r f-imoky R iver, .\ lbcrta"; C:eol. '-'urv., 
C':rnada, Num. Hept. 1918, pt. C, pp. l-7 . 

Ntcll'a rt, .J . f-i .: "j\ fobcrl.v !liver .\rc·a"; Geo!. f-iurv., Canada, Sum. Rcpt. 
1919, p t . C', pp. 3-7. 

C:w illim , .T. C.: '"lkpor l of O il Survry in the P eace !l iver Distr ict" ; Dept. 
of Lands, B.C :., Hl l '), pt . ..\t. 

Dresser , J .. \. .: "Hcpol'l of O il NurvC'.\'S in t hC' P ea<:C' Ri,·cr Distric t" ; Drpt. 
of Lands, D.C'., rn:W, pl. H. pp. 1 Lo 10. 

NpiC'ker, Jo;, ::\[.: '' llC'por l ol Oil Nun·C'ys in t hC' PcaC'C Hi w r Di~ t rict"; Drpt. 
of Lands, I3.C' ., l!l:W, pt. !\,pp. 10 lo '1.7. 

,\!Ian , .J .. \ .,and C'amero 11 , .\ . E.: "Poucc-C'oup0 .\.rca, .\lberl :t"; :\fi11. :en d 
l•:ng. Hee., Sept .. 19'1.l. 

:\ fcl.C':lrn , F. JL: ' ·j\fosozoir of l ' ppC'r J'racc River, B.C."; Geo l. Nmv., 
C'anada , Num. llC'pt. l\J'l.O pt. U, pp. 1-:'i. 

:\[ cLC'arn , V. H .: " P C':lC'C' River C' :tnyon C'o:tl _\rea, B.C. " ; C:col. !-'1 u·v., 
C:mndn, Nun1. HC'pL. Hl2'1., pt. B , pp. 1-n. 

Np iC'ker, K ::\[.: ' ·The l'C'!rol ru m C:rology of a part of the \\"C'stc rn Peacr 
Hivcr, B.C."; .\m .. \ss. l'rl. C:C'oi., ,·ol. u, pp. 11'1.- J:rn (19'1.'1. ) . 

(8 cc Figure 13) 

17\fTHODl' C'I'IO:\" 

Thr f'o ll o11·i ug acco u11( is basrd 11·holl.\· on publishrd in fo rmation, a 
hi hl iogr:tph.\· of 11·hich i;.; g in·n a bo,·r. The " \\-es(r l'll PraC'c Hi \'C r .\rca" 
includes !he coun!r.\' north and ;.;o u!h o f' Prace ri \'c r an d exten di ng east ­
wards frn 111 t he " di st urbr d be lt" ras( of t hr mo1 1ntai11 s in B ri t i;.;h Co lum bia, 
to the pl ateau eou n( IT of .\l hcrta. \\'i t hin thi s :ucct i:; (he P caee Hi,·r r 
blo('k of Brifo:J1 Columbi a and , to t he so uth o f I he PraC'o Hivcr bloC'k, 1ho 
eoun( r.\' cast o f (he " dist mbrcl hrlt" drninrd by J\Iohrrl,\' , Pine, l\'i :·ilrntinaw, 
an cl Pouer -Coupe ri ver,.;. Thr :trca inelt1d es a belt of' mod orntrl.\' fo ld ed 
roc ks, ll'hirh li es ens( of t ho cli s lurbcd bell and pass0s cast wanl int o tho 
plateau a rea in whiC'h the rocks a rc rolaliYcly littl e di st urbed. 

Poaec river, aceorcli ng to S picker (1920), t occu pies a vall ey about 800 
feel dcrp , ll'hi ch in !he Yieinit,\' of Hudson H ope, on tho \\·estcrn eclgo of 
the P eace Ri ve r block, i;.; 2 to 3 mil e:; wi de . The h igher land a dj aC'c nt to 
tho vall ry is more o r less fl at, bu t from )[ohc rl.\• lake sou t heashrnrd s th r 
smface is broken by hill s and dissected by ri ve r n t.ll oys. Aecorcling to 
StO\rnr t (1919) thi s part of !he area: 

' · Is ll'cll Limbered , rough, and hilly . _\_relief of 1,500 feet i~ com mon :we! in places 
thr higher ridges r ise over 3,000 feet a bove t he ad jacent ri ve r va lleys. P eace ri ver being 
the main ll':ttcrway to which :ll l the streams of t he regio n arc tributa ry has the loll'est 
elevatio ns, t he h igher a ltitudes a rc at.tainC'd b~- the most ll'Cstcrly r idges. Eastwards the 
upla nds gradually become less inegul:tr and blend in to a high level plateau. The main 
st reams fl o"· for rhe most part in deep, n:uTo\\·, \ ' -shaped valleys a nd except in a few 
phces, at l ime of low wate r, arc too deep to be ford ed. " 

1 /'fre Bibliography. 
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'Triassic. H.o('ks of Triassic agr havr not been observed in the area, 
hut it is prcsumrcl they oceu r u nclcrlying ~·ou nger fonna! ion s, sinl'e they 
were seen by ).feLcarn ( 1917) 011 Praer rivrr wrst of Peace H.iYcr canyon 
whrre the~· eonsist of limesto nes, hardened sand sto nes, and shales, a ll of 
\\·hich arc marine. The total t liic:kncss is approxi111at· cl~ · 3,000 feet (:\Ic­
Lcarn 1920), !nil fi incc the C'rrtaecom; rests on the Devonian in the eas tern 
P eace Hivcr area lhc Triasc:ie musl wedge out eastwards. 

Jura ssic (?). Spicker ( 1920) fo und blue-black clay shales intcrbeclclccl 
wiLh bands of limestone and sandstone, on Pass creek, a tributary of Pine 
river. To this se ries Spicker applies ihc name Pinc River formation and 
assumes it bclongR to the Jurassic, although the few fossi ls found arc not 
sufficient to indicate a clcfini tc age. 
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B illlhead 111ountain F ornwlion. The Bullhead )\fo untain fo rmation , 
according to M cLcarn (1922) , co nsists of a n upper and a lower m ember 
in P eace ltiver canyon and westwards. The upper m ember is com posed 
of co nglomerates, gri ts, a nd coarse sandstones, wit h small er am oun ts of 
medium t o fin e sandstones and shales. Large-scale cross bedding is present 
in some of t he grits an d sandsto nes a nd so me layers a rc ri pple-m a rked . 
The lowe r or Gething m em ber consis ts of medium to fin e sandstone, shale, 
clay ironsto ne, a nd a number of coal heel s. The thi ckn ess of the upper 
member is over 3,000 feet, a ncl the lower member is m ore t han 1,400 feet . 

On Pin c ri ver , at t he mou th of Commot ion (Boul de r) creek , Spi cker 
(1920) found t he to p of the B ullhead }\fou ntain fo rmat ion to consist of 
130 feet of ex t rcmcl.v hard , res is ta nt congl omera te, the pe bbl es of whi ch 
are almost uniforml y one-eigh th to one-qu arter of an in ch in di ameter 
a nd a rc flint , cher t, a ncl qua rt z. Below the 1:30 fed of co nglomerate arc 
600 feet of sandstone, \Yhich cl cc rcascf' in hardn ess cl ow1rn·ard ::; . T he bot tom 
pa r t, a lso 600 fee t thi ck , consists of less mass ive sand stones and possibl y 
shales wit h coal. The total t hi ckn ess is t hus only 1,300 fee t , although t he 
a rea cxalllin cd by Spi cke r on Pin c ri ve r is onl .v 20 mil es a lmost direct ly 
south of t he a rea at P eace Hi vcr ca1w on and \YC'st wards wh ere the fo rm­
a ti on is more tha n 4,400 feet thi ck . ) fcLcarn ( 1917) C'On clatcd the Bull­
head :\[onntain form a tion " " ·ith the Peace Ri ver a nd proba bl y a lso t he Loon 
Ri ve r fo rma tion of 1.hc eastern success ion" on P eace ri ver. 

St . .John Porm atz'on. Acco rding to )IcLcarn (1917) the St. J ohn fo r­
ma tion where seen on P eace rive r consis ts of t wo .. thi ck, sha le members 
se pa rated by a t hin sancb to nc mcml lC' r. Th e lower shale mc111bcr in the 
vi cini t ~· of P eace H,i vc r canyon is 800 feet t hick and co11sis ts of dark, t hin­
llC' ddcd , slightly a renaceous shale. Th e middl e sandstone in t he same 
locali ty co nsists of 50 t o 80 feet of massive, crossbedded sandstone 
rcprcsc n Ii ng s 11 hacri al co ne! i t,ions of depos it ion. Th e u pp0r 111 C' tnl lC' r in 1 he 
vicinity of C'achc creek , a tribu1 ary of P eace ri ve r, is 1,300 feet t hick ; the 
hotto rn pa rt is da rk , fri a blc shales " ·ith c·onc·1·c ti ons ove rlain by black, 
paper-thin sha les , a bove thi s are thin-bedd ed arenaceo us shales wi th ,-evcral 
la rge sandstone lc nscs, a nd h ighcr st i 11 arc th i n- lmnclcd sa nd stones a nd 
shales . Tho seri es con tains fossil s which according to l\IcLcarn indicate 
m arin e co ndi t ions of depositi on. 

Out crops of 1-\ t. J ohn shales arc \ridely di s tribu ted over the a rea under 
co nsid era t ion. Th ey fo rn1 the vall ey slopes of P ence ri ver in the vicinit y 
of Hud son Ho pe and of m a ny of the tribu t ari es including ) fo berl y, Xmth 
and So u I h Pin c, IT a l f 11·ay, h:i ska t i na w, a nd P oucc-C'o u pr !'i ,-crs for long 
distances fro m P eace ri ve r. Nome of t he lower plateau surfaces t o the cast 
expose these sba lcs, bu t mos tl y the plat eaux a rc capped b~· the ha rd er, 
more resistant , D un vcgan sandsto ne. 

On Smok\· ri ver the S t. .John shalc;.; have a n es tim ated thi ckn ess of 
560 feet (:\le ( earn 191 8) . In :\'Io bc!'l y Hiver area t he t hi ckn ess is pl aced 
by Rtc wart (19 19) in excess of 2,200 feet. T his indicates a thinnin g east­
wards of about 1,640 feet in a bout 150 mil es . 

Dunvegan Formation . On P eace !'ivcr (:\IcLcam 1918) the to p of the 
St. J ohn formation grad es upwards into t he D unvcgan by an in crease 
in t hickness of t he sancl s lon c layers , thus giving a gradation to the 

4GS5 l- S: 
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massive sandstones at t he lmsr of the Dun vrgan. The Dunvcgan fo rm­
ation outcrops on Peace river in t he vicini ty of Dunvcgan and westwa rds 
and the sand stone 11·ca thcrs into peculi a r castel lated form s int he cliffs a long 
the river. To the south of Peace river on the Sukunka branch of Pi11e 
ri ve r Sp icker (1920) found a se ries of' shales, harcl cnccl muds, a nd sand­
sto nes overlying the Dunvcgan. These beds have no t been observed 
elsewhere n,nd accordi ng to Spicker may represe nt the " ·cs twarcl phase of 
the lo\\·cr Smoky Hivcr formation , but he classifi ed th em t entatively under 
t he name Sukunka formati on, as the upper member of the Dunvcgan. 
Arrording to Spicker (1920) th e Dunvcga n formati on on Sukunlrn river, 
including the Sukunka beds, is 2,000 feet thick, although the Dun vegan as 
mcasm ccl by ::vI. cLcarn (l 917) near the mouth of Cache creek and cashrnrds 
is on ly 530 feet thick, representing a very consid erab le increase in thick­
nrss in about 50 miles in a north an d south direction . 

.Smoky Ri1•er Formation. On Smoky river (::\IcLcarn 1918) the Smoky 
Hivc r fo rm at ion is composed of marine shales with thin band s of sand­
s tone near the top . The formation appears on Peace ri ver at and west 
of Dunvcgan \\·here shales underlie the adjacent plateaux. According to 
Allan and Cameron 's map (1921 ) th ese shal es form t he plateau sm facc 
some distance cast of Pouce-Coup6 ri ver , although the plateau in the 
vicinit.v of the river exposed the Dunvcga n fo rni at ion. The Srn oky Hivcr 
formation does not appear in t he area examined by Spieker jwot east of the 
" dis turbed belt. " 

lra p1·li F'ormall°on . Th e vVapiti fo rmation docs not occur in the area 
under con;;;idcratio11, but has been cl cscri bccl (::vl.clearn 1918) from ·w ap iti 
river, a tributary of Smoky ri ver. ln thfLt localit:v it is composed of cross­
bcclcled sandstones and 8hales with coal seams. lt is 1.hus non-ma!'in e in 
ongm. The thiclrnrss is a bout 900 feet. 

STRGC'l'GHE 

T o the cast of t he " cli s turbrcl belt" bordering the rnountfLin s there is 
an a rea of moderately folded rocks in "·hich a number of possible oil and 
gas s tructmcs have been outlined . Since the lower formation s occur in 
the west and the higher in the em;t it may be assumed that there is a gen eral 
eastward or south eashra rcl clip. Such a conclu sion, however, may be 
enonrous because of the thinning east\rnrds of ;;; uch fo rmations as the St. 
John and the equivalent s of th e Bullhead M ountain. Allan ancl Cameron 
(1921 ) clcRc!'ibe an eastward and northeastward dip for Pon cc-C'oup6 
area . Jn th e vici nit y of Smoky rive!', 1\Icl ca rn (J 918) has shown that the 
clip is so uthward toward s th e synclinal area to th e south of ·\rapiti river, 
although in tO\rn ship 81, on Smoky river, there is a poorl y defined terrace. 
Th e structure along Peace river is inclicatccl by 1\ [cJ.carn (1 917) as fol­
]O\n:: 

" The t rnn s it ion frnm foot hill s to pi n ins s t n1et urr is v c' r\· nlin1pt and t akC's p!:1cC' where 
the l'ort age :\Iount a in an ti cline i ~ succC'cdcd Jiy a n :1rr a of grntlP undulation and over­
thrust fau lting cxtC'nding as fa r as the C:ntes. From tlwrC' to C:1e lw creek t here is n low 
cast dip , und er onC'- lialf degree, wi th a loca l west clip eq ually low ne:ir the mo uth of Cache 
neck. Last\\·ards lo Peve1al miles below 1-'t. John the structure seems to be almost flat. 
::\ C'a r I hr N or l Ii ] 'inc ri ve r nn d down s( rC'arn I he st ru cl me SlC'c pcns with an ens( dip , so as 
to bring tl1e Dunvega n rnndstone a lmost to ri ver kvcl a fe w miles be lm1· the mouth of 
J\i s k:1tin a w r ive r . l•rom lw 1·r to the ben d :lt i\[011 t:1gnc u~c river the s( n1C"t11re is fln t. The 
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srct ion is rasL-ll"rst to t hi s po in t. F r-om t he mout h of :\Ion t:tg ne usc ri ve r sout l11rnrcl a 
no rth-south sectio n is cut and he re n sma ll dip is revcalrcl . \\ .here the rivrr t u rns cast 
p:t~l Dunvegan a n enst-11·C'st SC'C'lion is ;tgain exposed and fl:tL strnet urC' indicated . BC'yoncl 
t he mout h of Bu rnt r ivN, the P ence tu rn s lot he no rthrast a nd so co n ti n urs to l'cal'C R ive r . 
I fC'rc the st rat a ri se do11·nst rC'arn a nd t he incli11at io 11 near l'c:tcc R iver :i mou nts Lo so rn e -10 
fec'L pC'r mi ll' to t lw sout h ." 

Thu s t h e st ru ct ure as indi cated by a st ud y o f t h e P eace H in r sect ion 
is cxcccdi n g l ~· flat fo r t h e p la in s area an d the prospects fo r finding sui table 
st ru d u ra l rescn·oi rs fo r oi l a nd gas arc n ot bri gh t. 

T o t he sout h , in P oucc-Co upc a rea , A ll a n a nd Callle ron (192 1) bcli cYc 
there is a te rrace sl ru d m c on t he \Yes l s id e of lh c Al be rta syncline. r\ ccor cl ­
ing lo l h cm: 

" T he high land just cast or l\ iskat inaw river sho11·s a very Oat t:th leland capped li.v 
t he D unv<'g:tn fo r rn :i,tion, 11·hi lc e11st o f 1'0 11 ('c-Coup6 R iver va lley :l gent IP C'asterly dip 
c;tusC'S the :tppea r:UH'l' of the :-; m ok~· H iver fo rmation. T lw dip in the strabL is in all e:tscs 
vPry g;C'ntie and noll"bcre has been observed to exceed 2i) feet lo the mi le. " 

Acco rdin g Lo Dresse r (1920): 
"Tll"o b road :rntirlinC'~ appear on the han ks of P eare ri ve r in the fi rst l:'i miks e:ts t of 

thC' foot h ills. T he fi rf( i~ nea r I r1 1cbon H ope and t he S('('Oll d :ti t he ·c:ates' of the l'c:tC(', 
a J"O('k -e n(' losrd 11n r ro1rn some 7 milrs C'asL of Ir udmn H ope. J n ( hcse ( he d ip, 11"11ir h e lfe-
11·hcre i~ c·ommo nl.v l e~s t h;lll .'i deg;rrC's. rises very pP1-cept ihl.1· on both limbs of the folds." 

Ac<"o rd in g to S pieke r (1922) , t he Hud Ron Hay a 11 !i<" lin c is a 10\r fo ld 
of small extent and a ll hough li tt le is k no1rn oft he ax ial extc nl of t hC' fold 
it is p resu med to be con tinu ous \1·i t h a fa ulted fol d ex posed i11 t h e west 
fo rk of :\ Iam i<"c c:rcc' k , a nd di es out so uth wa rd . Th e 10\w r mc uibcr of t he 
S l. .J oh n shale i;.; exposed at t he c rf';.;t o f t he fo ld an d lhc top of t he Hu ll ­
hcacl :\Iounta in fo rma tion iH s up posed lo be GOO to 700 feel in clC'pl h . 
Spic ker ( 1922) t hin ks: 

"The 1 lucbo n I 1 opp :tn( i('li 11c is h:t rdly pronounced C' 11 011µ; h to h:1 ve hPl'n Lhornughh­
effC'('( ivc' :t" :t rPse rvoir s tru<"lurc and I he eo111p:tr:ll ivr'ly s m:tll th iek11C'ss o f hopd11l lied' 
lic11C':tth il 11·ithi11 ordi11:1 ry d ril ling dept h emphasi~Ps iht' dc't ision ,hat it is not lo bl' ('Ol:­

side r<'d ll"it h tllC' best a n t idi nc's oft hc' 1·egio11. " 

On Heel ri ve r, abo u t 20 mil e:; i1 or l111rcs( of Hud so n H ope, D rC'sse r 
(1920) fo un cl a 11·cl l-m arked a n t iclin c . 

ln t he a rea of g<' 11il y folded rocks so u t h of P ea ce rive r an d casl of lh c 
" di st ur bed belt" Stcwarl ( 19 19) an d ~ pi cker (1920) bot h nolf'd a m tm bcr 
of loca l fo lds . ThC's<' a rc ou t lin ed in d eta il 0 11 t he ma p issued \r i t h ~ pi C' k c r '::; 
rcpo r l. 

O LL AND OAS TI O HI ZO,'-:S 

In ca.stern P caC'<' Hi vc r a rea , n or th of l hc !Olm of P ca<"c Hi Yc r, ,;('1·e ral 
well s have bee n dri llC' d (8ee F igm c 12) a nd indi cat ions of oi l a nd gas haw 
hcc 11 obtained. Accordin g to :\ fc Learn (19 17) lhc oi l in Xo. 2 we ll of the 
P eace H ivcr Oil Co mpa ny "oc:c: m s a t l ll'o h o ri zo ns, bed :; of sand s to ne in 
bo l h cases , n ea r 1 h e base of t he J,oon H i 1·cr a 11 d nol fo r a boYc the lim e­
stone con t acl." T he L oo n Hi Yer fo rm at ion 1 ics on t he D crn 11 ia n Ii me­
s( 0 11 c a l thi s loea l i l y, lrn L \1·cst in t h e \res tern P caC'c H iYc r a rea T ria:-sic 
beds occur in part o r a ll of t he a rea. The P eace Hivcr sa ndstone' and 
probably a lso the L oon Hi vc r fonn ntions of the easte rn sucecssion arc, 
acco rdin g to :\feLcarn (19 17), to be co rrela t C'cl 11·it h t he Bullhead :\ fo un tai n 
fo rn1 at io 11 of t he weste rn succession . In a late r re po rL :\IeLcarn in d icates a 
do ub t as Lo lhc Ya lidi t.1· of t hi s correlat ion, liu l if it is co rrect i l indi c·atcs 
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a ch rt ngc from marin e conditions in th e eas tern area to non-ma rine co n­
cliLions in !he localiti es where the B11llhcad ~fountain formati on occurs. 
The !hi ck, heavy , mas15ive sandsto ne beds of !he Bullhead :\foun tain 
format ion do not give much p rom ii:ic of holding oil and gas, bu! if t here 
was an inLcrfingc ring of ma rin e beds, co nditions \\·ould be mu r h more 
favo m ablc. In t he a rc:t und er consid erat ion no cvidcnrc of the existence 
of ma rin e beds in the Bullhead :\foun tai n for mation has bee n not ed at any 
poin t and, lhcrcforc, I he cha nces of findin g an oil hori 11o n cqui,·alcnt to 
ihat in the Loon River form at ion a rc not considered good. 

In Po uec-C'o up6 a rea t he Imperi al Oil Co mpa ny d rilled a \\·ell on 
sec. 26, t p. 80, range 13, W. 61 h mer., io a depth of 3,057 feet . The well 
began in i-) t. J ohn shales. On i-l moky ri ver t he Ht. .John sha les are estimated 
by :\IcLca rn (1918) to be 560 feet thi ck , whereas in :\fohcrl y Hi\'C r a rea 
Rtcwa rt (19l9) cs!imaicd t he thickness lo be at least 2,200 feet and on 
P eace rive r near Cache n eck ) k Learn (19 17) estim ated I he thickn ess to 
he 2, 150 lo 2, 180 feet. The t hickness in P ouec-Co upc area would , t here­
fore, be hcL wccn 560 a nd 2, 180 feet. In the Poucc-C'oupc \rcll a gas fl ow 
cslimatccl at 10,000,000 r uhi c fee t a day was s truck at ] ,675 fee t , wilh 
ot her insignifi cant gas sho11·s al 2,000, 2,372, and 2,736 feet, r co;pcct ivc ly . 
Ha ll \\·aLcr was cncounl c rccl aL J ,7:30 lo 1,7-1-0 fe et. The intcrprcta t ion of 
the P oucc-C'oup6 well loµ; is very difficult , lrn t i t is poss ible t he large gas 
flow was sl rn ck near the base of lhc SL .John fo rmat ion and that lh c lower 
small fl ows of gas arc in strata equivalent t o the P eace Hivcr and Loon Hivc r 
fornrn Lions of t he easte rn success ion. These st rata arc not i he sam e as i he 
Bullhead )[ounla in fo rma tion fart her west. In P oucc-Coup6 a rea Allan 
a nd Camero n (192 1) rcporL a terrace st ructure. It is co nsidered !hat such 
a i-i ! rn cl urc rn ay be sufficient to cause g;u; accumulation , whPrcas oil 
accumul a ti ons \\'Ould , ii is thought , cl cma ncl a mu ch more pronoun ced 
st ru ctural trap . The fact th at a n oil see page is re ported by All an and 
Carn cron (1921) on P oucc-Coupc river suggests that the :-it. John form­
a tion migh L be oil-bearing if more favo urable slru cl ural conditions cxi slccl. 
Acco rding to Spi cker (1922) an oil seepage occur;; nea r Holl a , B. C., on 
Pou cc-Coupc river ; t hi s is prolmbl.v the see page rcl'errcd i o by Allan and 
Cameron . C: as ;;cc pagcs arc common, accordin g to Hpickcr, in t he v icinit:v 
of the oil seepage and an other oil seep is kn o" ·n on :\[oosc creek a bout 4 
miles north of P eace river. 

lf , as has bee n assumed , the Bullhead )fountain fonn ;t(ion is entirely 
non-mnri nc west of Poucc-Cou pc, thi s form a l ion would not a ppear t o offer 
fa vourabl e opporLuniLics for oil accumulation eve n if proper slru clmc 
were prese nt , and the only forma t ion " ·it hin lhc Cretaceous \\' Orth~' of 
prospect ing wou Id be the St. J ohn \\·hi ch contain s considerabl e sands as 
well as shales . There is, however, the possibili ty that rocks below the 
Crctaecou ~ , i.e. Tri ass ic;, may be suit ed to net as oil and gas reservoirs. 
As these rocks have been see n onl y on P eace river \\'8St of P eace Hi vcr 
canyon nothing is known regarding 'th em excep t ilrnL t hey probabl y arc all 
marin e. \ Vherc seen they arc in par L arcna c;cous limeston e and cal careo us 
sandslones co nLa ining numerous geode ca vili ci:i . To the eastward they 
probably would he less metamorphosed than where seen. The thi ckness 
diminishes castwti rcls from a maximum of 3,000 feet (:'-1cLearn 1920) in 
the foothill s to ze ro in Lhc eas tern succession of Peace ri ver where t he 
C rcLaccous res ts on D evonian limes ton es. 
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OTHER AHEAS IN ALDEHTA 

A large numlw r of well s h aYc been clrillrcl in .Albert a in meas whe re 
details of the geological st ru cture arc no t definitely known. In m any 
well s small fl o\\·s of gas and sho\YS of oil h aYe been encou ntered , bu t in a 
number of cases 1.hc hori zons giving t hese have not been studied in detail, 
so that litt le is known about their value as oil o r gas rese rvoi rs. The 
info rmat ion from t hesc " ·ells shows a \ride distribu tion of gas in Alberta 
and it is possibl e whr n 1.hr geological strn clurc is hell er kno\\'n i.hat certain 
areas from which sma l I gas flows a re now reported m ay be suffi cient ly 
promising to warrant forther drilling. A li st of well::; supplied by 1.hc 
Kor!h \\"est T errit ories and Yukon Branch , Department of t he Int erior , 
is given in ihr appendix. Thi :> li st incli caLes, so far as known, all 1.h c wells 
thaL gave oil or gas "shO\rn," bu t \Yith 1.hc data at present availab le it is 
impos:-;ihle i.o indicate t he prornising mens exce pt in so far al' hn1-> been cl one 
in lhc ca::>e of Lhc field s described on preceding pages. 

FL.\THEAD HI\'ER \'ALLEY, SCYCTHEASTEHX BRITISH 
COLU::-TBIA 

Ry C. S. ! fum e 

Hel'rrences : D;11rnon , C . :\ f.: (; eol. i"urv., Canada, .\nn. Hcpt ., 1898 . 
. \ nn. HP p l., :\I i11ister of :\line's, B .C'., l 'H):~. 
Doll'ling , D. B: (:eol. i" urv ., Canada, i"um. Hept . 19:20, pt. l3. 
:\fac l\C'n ,, i<• .). )). : (;po l. i"mv., C::rna da, i\fpm. ".7 ( l!Jdi l. 
lnµ:a ll , J•;. D . : ( ;pol. i"urv., Canad:1, i"um. Hr pt . 192-±, p l .. \ , p . Hu. 

:-;cl' pages of oil ha \'C long been kn O\\'ll in h oo t cna~· dist ri ct, Bri lish 
Columbia, on Rage a n cl Eishin e1rn necks, t ribut nries of Flat head ri ve r. 
Th e :-;age Cree k fiC'P pagcs 11·e rc firs t reported l)y Helwyn in 189 L and occm 
JO lo 12 mil rs up the n eck fron1 Fla thead rinr , in roeks regarded by 
Hc lwy n as of Cambrian age . The oil occurred in so me abundance and gas 
\rns escaping from joints a ncl cracks in the roC'k al lh c 1.irnc of discovery. 
In rcce n t years d ri I Ii ng has been clon e on Sage creek by the Crow 's K est 
Oil and C:as Company in PrrC'amhrian s trata of the Lewis seri es, and dri ll 
samples lo a depth of 3,000 feel t have bee n examined by the Borings 
Divi sion , Gcologiral Su rvc'y . AcC'ording lo a s lat cme11L in th e repor t of 
the Minister of ::,[ines, B.C. , 1903: 

"Thr p l:l.r<' at ll'hi <' h th<' o il is found is :i.t t ll<' top of an :1 nli clinnJ in t hr format ion 
lh e axis of t he a nt icl in:t l cros8in~ l he creek in a nort hwe.-;t directio n . F rom 

t his poi nt the beds dip up to thC' rrC'C' k lo t he northe:1st a nd nlso d oll'n t h<' crC'rk to t he 
southll"c·s t. ' I lw i><' ds can be t racC'd dipping to I he northC'ast fo r about 3 n1iks, at first. ::1 t 
a ve ry fl a t ang!C' , but gradually increasing Llntil the clip reachC's 3.3 clegrnes. A t this point 
a fau lt OC'ru rs, ll'ith , lo the cas t, a differe nt di p to the rn<'ks, ll'hile fa rther up the erC'ek t his 
is fo ll o11·cd b.v ot he r faults; hence it. may be said that 3 miles above the 'spring' is t he 
limit in t hat direction of thi s po~sib le fi e ld of accumui:ltion. T o the sou t hll'es t , t ha t is, 
toll'ards t he va lley of t he l•' lat head , t he beds clip :tt :l. ve r v fla t a ngle, probably no t exceed­
in g 10 degrees and appnrcnt ly flattening out as t hey arc Jost to sight under the gnwel a nd 
s ur f:1ce was h of t he J<'ht.heacl depress ion. 

' !Jrn;nll. E . D .: "D eep Borings in Hriti8h Colu mbia nnd the Yu kon"; Gcol. Sun-., Canada, Rum. H.cpt. 1924, 
pl. .\ , p . 14 1i . 
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On l\:ishinena creek, at a point where o il is rcporlcd, a s imilar anticlina l fold ocrm~, 
but with t he ax is running nearly northeast· and so utlrn·est, or with Lhe course of t he creek, 
Lli e beds dipping off at a n a ngle to the northwest >Lnd so utheast into t he ad jacent moun­
tains." 

H 1vas suggeslecl by Dawson 1 tha t !hC' roeks from 1rhieh the seC'pagcs 
issue m ay " possibl.'· ove rlie' , in som e places, those of t he Cretaceous sC'J' iC' c;, 
by reason of ovcrthrusts" and th a t t hC' oi l " may have o riginated in conse­
quC'nCC' of hea t , a l cons id C'mhl e depths in the earth 's crust , act ing upon the 
fixed hHlrocarbons containC'd in 1.he roeks of that series.'' As has been 
point ed oul ,2 howcYcr, " if this explanation is the eo l'l'ed on e, tlw over­
t hrust must haYe bee n YC' r.'' grC'a( ind eed to bring the C retaceo us hC'cls 
11 ndc rn cat h the prcsen l oil Sl'Cpagcs, as t he Carn hri a n hC'ds C'X tcnd cast 1rnrcl 
from 12 to 15 mil e's frorn thi s point , in fad over the summi t int o AlhC'rla." 
IL is l'urlher pointed out t hat: 

" The oil might have tr:tve ll Pd west \\"ard undergrnund for some di stance. hut this is 
no l proh:tl >le , :is :l fl'll ' 111il es lo the east 11·a rd of the point of occu 1Tr nc·c of the o il I he re a rc 
sev('J':ll faults 11·h ic h have the a ppl' :ir:u1c r of bring profound a nd would, thereforr, havr 
a ll cl\\·rd t he g:1s :ind oi l to ri sP to LhC' su rface through thrm , hut of t his the re is no indil':l­
tion. " 

Detail ed k11 011·lcdge c·o 11 c·crning the a rC'a in t·hc -vici ni l,\" of ~age and 
I\:ishinena cree ks is vcr.v limit ed and t hC' s uggest ion of Da1rson that Cre­
taceous rocks Ul1(kr\i c mu eh older rocks as a result of overthn1st has 11 ot 
been proved or di sproved. T o the cast in Alberta, al \\"aterton lakC' , 
similar oil seep;tges occur a nd it is fai r! .'" well cslabli shccl that in that area 
Cretaceous roc ks a rc OYcrlain ll\· older r oC' k:; as a r e:;ult of OYe1thrnsl. In 
a \\"C' il drill ed JJear \\ 'aterton lab', aeeorcl ing lo D o1rling:·1 

·'There seems lit.tic doubt that llw drill pcnc t rnled the dolomites of the \\ ':1INlon 
fonn:ttion a nd cnlcrl'd ,o ft shales. whieh sePm to he Cretaceo us. Ti](' wnc of ovcr th J'llst 
was apparent!~· pcne l rnted at nhoul l,iiOO fcrt. :di hough at 1.900 feel a nd lo11·er the beds 
wc1 ·0 prnhably rf°f<'l' led h)' rrumpling :111d folding." 

Flathead Hi1·n valley, to thr " ·es t of Sage creek, ha;- been st udied hy 
:'.\fae l\.enzic 1 1rho report s that lhc E:ishin cna fo rmat ion C'Ollsiclcrecl (o be of 
Eocene e) age shO\\"S consiclC'rnhlr hituminou :-; cont en t. Hcgardin g thC' oi l 
eo nt cnl ::\fach e nzic say:; : 

".\. m arked cha rnc·tcrisl ic o f t llC'se rocks is thei r bituminous od ou r 11·hen st J'll C'k or 
nil >hl'd, :111d on joint-p l:rn cs brow ni sh stai ns a re frequrnt ly sPPn whiC'h give a strong hi lum­
ino us s mell when healed so111c hands are impregnated m ore than others 11·ith 
tll(' bitumen whil'h 'Nvcs lo d:u·k t'n them Throughou t :d i these roc·ks :llld 
with va ryi ng concentrntions in cliffPrC'nl specimr ns a re fou nd impregnations of .1·c llowi:-d1 , 
bro1n1ish , a nd black m:ll c rial whiC'h is though t to be a residue from the ev:tpornt ion of 
pl'lrole um Ln man1· casrs the b itumen takes t he fo r111 of spheres 
The s pheres a rc thought, to rcprcsrnl drnps of pe troleum t hat have srgrcg:lted undp1· 1 IH' 
influpn ee of surfal'e tens ion in the 11·:1ter-saturnlrd rocks. vet were un able lo migr:tlc to 
a ny co ns iclernbit' cl is ta nee owing Io l he ve ry cl r nse eh:u·acter of t he e ncl osi ng nrnteri:Li. " 

In summing up the conditions r egarding t he pc t ro lcurn prospects of 
t hi s a rea :\Iacl\:e nzie stalC's: 

" That bil u111 inous n1 aleri a l exisls in the l\:is hinen:t rocks is without question , and it ~ 
sou rce ma~· he ll"ith con fid ence ass ig ned lo thr so ft p:1rls of the numerous mollusks with 
whose shells ii is now so close l.1· associated. \\' hethcr or not pclrolt'u m as sul'h exists in 
thes<' beds is not ~-ct proved a nd r hlorn form lesls of some of them fu rnis h on!~· negative 
results. TI011·cver , 1 lw seepage of kC'rosc ne-like o il on Nage creek, e:lst of Fhthc:ul va ll e.1-, 
s ugges ts Lhc r:1lhcr unlikely po~s ihili ,y th:1t t he o il 111a v have iiPl' n d t' ri1·cd by migra t ion 
from these bituminous T ertian· spd i111Pnls. The poro us, coarse nat urc of many of I he 

I naw.•on, G .. \l.: c:c:JI. :-=un·., C:11rnd:1, .\nn . HC'pt., YO I. XI, pt .. \ , p. ::n ( IUOl\. 
:.! . \nn . Hcpt. .. \lini:-;t<'r of .\Jin(':-;, ILC. , l!l(l:~. p. H:!. 
3 Dowl ing, D. H.: (;pol. ;--:.un·., C':uwd:i, ~u111. Hc1;t. Hl20, pt. H, p . 20. 
4 .\ l atl\:pnz!e, J. D.: "Geology of :1 Portion of till' FbtlH•:ul C'o . .I .\n'.t, B.f'.''; Cc.v>l. !'-lutT .. Cana(h, .\lern. s; 

(]916 1. 



sands of l hr 1\ishi ncna fo rm :ll ion wou ld rrnde r t hr 111 su it :1'l le for pr t rolr11111 reservo irs, 
a nd a lLh oug h lit t le is known of t hei r s t ru rt 11r<' i11 delai l iL is prolmhl r that local cond iti ons 
of porosit .v o r s 11 ccC'ssio n of strata m ight affo rd a gathrring place' for bodies of oil, although 
tllC'SC' ass1m•dly wo uld not he large. The snrnll poss ihk t hi ckn('ss of o i!-l Jr:uing strnt:l. a nd 
thei r pos it ion nc:i 1· t IH' s urf:trc rrnd r r th C' finding of any ronsidcrnh lc hod :> o f oil improhalile, 
for if a ny had iiC'cn presC' n t it wo1 tld have rC'adil>· escaprd li ,v n:iL i: ra l r h:rnne ls :i nd , f11rthrr­
morP, a s uflici ent gas prC'SH1 rc to makr a fipld 11·o rka h le is unlikPI .' · at s ueh s ha llo11· d Ppt hs 

I t is appare n t that t lw cha neps of tlw oc·c·111Tenc·e of com n1C'reial dp pos it s of 
prtrolc 11m in lh r l"la thrad m:q:-a rPa nre YP ry s light .' ' 

~L\C'J\.E)."ZIE HI\'Jm BARI::\ 

F y C. 8. !Iwnc 

11'\TJWD UC TIO'.\T 

Th e re a rc hrn a rcas- C: rca t ~Ian' L ake and Korma11- in whi ch cl rilli11 g 
has ] )('(' fl don e 1rithin ~lal'krn z i c Hi1·r r has i11. ln )."o rnrn n arra t hr drillin g 
ha s nwt wit h so m r measure of suc·c·('ss, but in Crra( ~la 1·e L a kr a rea on ly 
negativr rC'sul !:; haYc hcr11 obtain ed. ThrrP arc o tlwr la rge' areas prC'­
s uma bly und c rlai11 by oil-heari ng rnl'ks, bu! 0 11·ing to t hp imtccpss ihili! )· o f 
a grrat par! , no tests han' as )'Ct l)('r n made. C: cnrra l inf'orma!ion on 
~ facke 11 zic hasi n is l'on lai necl in t hP f'ollo1ri ng rppo rt s : 
Camscll, C'. , and :'daiC'o lm, \\ · .· "'l' lw "\I:1ckC'nz ir Hi vPr lfa.~ i n " ; (:pol. :-;1 11·v .. C:innda , 

"\l e m. 108 ( 10:.> I ). 
l\ inclle. I;:. "\f., :tnd 13oswort h, T . 0.: "Oil-hearing Hocks of Lome>r "\ f:1cke 11 zic H i,·c r 

\' :d ie,·"; (; po l. ~11n·., Canad a. ~!Jill . H Ppt. l !l:.W. p t. ll , pp. :3 7-.)i-:. 
D ctnilrcl infonn at io n 01 1 rrst ri d ed a r0as 1rit hill ) Iaekrn i iC' hasi 11 is 

pu bl ish C'd in t he fo l l<mi ng re por ts: 
Ca111crnn . . \ . E.· ·· 1•: xp lornt ions in t he \ ' i<·inily of C:rcat ~ l :t\'C' 1,a kt""; C:eo l. ~ 11n· . , C a nad a, 

~ 11n1. H ept. 10 17 , pt. C:, pp. :21-:.>7 . 
" Jl ay a nd Buffalo Hin•rs, C:reat ~l :i vc La ke an d .\clj :H·f'nt C ountr.,·"; C:col. ~un·., 

C:111 :1da, ~um. H ept. 10:2 1, p t. B , pp. l -+.5. 
\\ .hitt:1kc•1·, I•: . J .: " "\l :1ckf'nzit' D ist rir t hpfwprn (;rp:il ~ l ;1vc l .:1kr :u1d ~in1p;;on"; (; pol. 

1-'urv ., C': lll:1d:1. :-;u111. llr pt. l!l:.> I, p t. B, pp . -1.'i-:):'i . 
" :\f:tck l• nzic H ivp1· D i't riel hcl ween l'rovidc nep :ind ~impson"; C:col. ~11rv . , Canada , 

~lllll. HPpt. l!l:.>:2, pt . B . pp . S8- 100. 
\\ ' il liam', j\I_ Y .- '· I·:xp lora tion l•:a, t of "\lal'krnz ir llivrr bC'!wC'cn ~ im pson and \\ ' rigll'_,·"; 

( ;t"ol. ~u r v. , ( ' :111:1cl :t, N11m. H e pt. 1\l:2 1, pt. 13. pp . . )6-titi . 
•· neconn:1issa1H'<' .\ l'ross :\'or t lwaslrrn ll riti s h C'o lt1 mli i:t a nd thC' C: <'<i log.v of the 

\'o rthcrn lixfp nsion o f h ·ank li n "\fou nt a ins, .'\. \\ -.T ."; (:col. ~urv. , Canada, 
~Ulll. HP pt. l!l2:2. pt. B. pp. 6:)-87 . 

Hume C: . ~-: "C:rt"a( ~lave L:i!;p .\rc•:t '' ; (;pol. :-;urv ., Canada, ~' tun. llC'pt . ID:.>O, pt. B, 
pp. 30-36. 

"i\o rth i\a hanni a nd H oot H.ivP rs .\rpa and C'a rihou Is la nd , :\Iackcnzi p !live r Dis ­
lri<"t"; e.:ro l. ~un·. , Canada , :-;11m. lkpt. l !l:.> 1, pt . B. pp . 67-78. 

'' C:cology of LhP .'\orman Oil Fi Pld s an d a llceonnais"1 nc p of a P art of l.i:1 rd Hivpr" ; 
(;pol. '-'urv , C':rn:tda , 1'11m. Hcp t . 10:2:2, pt. 13, pp. +7-6 L 

""\ f:tl'kcnz ic H ivP r .\ l'l':t, Dist ri rt of j\j :tl' kc nzic, >: . \\ ' .T."; C: co l. ~11 rv., Can:ida, 
:-; u1 11. l{ ppf. 19:2:3. pt . B , pp. 1-1:5. 

"\[:ips of "\ laekpnzic ri vp r a nd C:rrat- ~lave lake arc pul , li sl1cd h.v Lho D cpa r tnwnt of 
the ln to rio r , T opogr:1ph il' a l :-;utTP.'"', Ottawa. 

>!Olli\ I A.~ AHJ': A 

(8ee Figure 14) 
Localion and Ph ysiourn 11hy 

)."orrn a n a rra li r,; no rth of latitude 65 and in tlw Yil' in i!y of longit ude 
127. Ko rm an is al the ju 11C'lion of (;rcat B ra r a nd ~Ia c kr n i i e ri ,·cn; and 
t he a rea !cs tccl Ii ~· drillinµ: lies ap prox im ately 50 mil es no rthwc::; l. 
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The )IackC'nzie lowland ( hrough which )Iacke niiC' riYer flows has a 
gen eral northward ::;lope. In the v icini! y of ?\orman oi l area !he lowla nd 
occupies a rela ti ve ly narrow s t rip of co1mtry betwee n t hC' Norman range 
of Ill Ou ntain s on (he cast and Carcajou mou 11 !:tins on the west. The X Or­
m a n rallgc ri ses approximately 2,500 fe e t nliove :\Iackcn iic river, whereas 
C'arcnjou moun tain s a rc higher and mueh more rnggcd. The country 
be! ween !he rn o1mtains is hc:wil y forest cd \Yi!h spruce, poplar, and a lder , 
and is coverC'd by muskeg in which there arc innumerable small lakC's. 
Looking nor( hcas t ward from Carcajo u n1 oun t-:1ins !he co u 11 ( ry appears to 
llC' ra !her flat and one-quarter to one-fifth or !he whole area is occupied hy 
la kes and slough i; from \\·hieh in m all,\' cases t lwre are bu( poorly cl c\'cloped 
drainage channels .• \.ta few fee( helO\Y t he mu skeg surface, even in summ er, 
a la.\·c r of ice is e ncounlncd in m a ny pl~H'C's and presum a bly the g rou nd 
aL a slight cl e rit h below the surface i,.; pe rmanently froze n. 

8lral lgm11!.y 

Hock exposures arc almos t enti rcl.'· ahscnL cxcepL a long the larger 
streams and ri ve rs and in l he mountain s. The follo11·i ng table o r fo rm­
at ions inclica!es the st n1!igra phic succe,.;:; ion i;o fa r as it is kno1\'n. 

.\gc Fo rmation 

Eor·enc 

( 'rela<·<•ous 

Jl OS \\' 0 1' ( It 

Fo r t (' reek 

Jlp,L\·e r ta il and 
111 ddle D c , ·on ia n H am part~ 

J rn1wrft'C't l,\· ('011 . ..:o! idat0cl :-\and.-; and cla.\·:-: 

/~1 ro . ..,·i1)nu l llll('ollfu,-mity 

B!a('k, Rofl. r; ,, ;1 ,, , ]1:t1Ps :rnr l g1eenish I 
:-;and~tone:-;. J .owe r 111pn 1 bp r:-; wit Ii C'Oal 
in ~0 11 1(• lo1·al it ie..;. L'ppc r 111e111 l 1l•r 

rnarinc, ta rryinµ; a111 111 onitl':; 

/'.J'O.'iir1 nrll 1111conformil!I 

"l'li i<·kTe:::s 
in fpc•t 

1,000+ 

1,000 to 1,r:oo 

·IOO ( '! ) ' 

ll arc Indian n;,.N ,.;hales :ioo+ 

F.ilurian ll0a r i\l ou ntain 400 l O 4.50 

\\'pll -hedd cd I imestonc 1, 000 

Ord oY ieian (" ) 

('am hrian 

7i0 

necl nncl grc0n ish , ]ialcs and ""n(b to ne . r 
Holt orn nol HC'C'n J 

~~~~~~~~~~ 

1 fn Ccol. ~un·., C:1n.1d ~t, ~urn. Hept. IH22. pt. B , p. 55, it wa3 .~hown tlwt the H e:lYertail lim e!-itOnc w:i . ..- only 
GO feet thiek :11 the \\·oh-erinc anticline. It i~ prolwhlc thnt in the mc:.i:-5urcments hy 1'-ind lc and Bo~worth 1>art of 
the Ham r>arts limc:-;tone U·'tri11goapl1a 111."1 burto11 i zone ) wa . ..; included int he BeaYert:til. The thick nc:-:-; oft lu· He~n·cr­
l :1il- lbmpnrts lime3tonc is g:i\·cn by t he log; of :\orthwcst Company· .::i :\o . 2 well, hut it is not k nown to what. form­
ation the shale . ..; under the l i1ncstone3 bclon ~. 
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8tnulure 

Th e Norman m ountain s a rc anticlinal in form. The mountains east 
of t he Korlhwcst Cornpan.\"s No. 1 well represe nt the \\'C'Stc rn half of a 
greaL fo ld , the ax is of \rhich has been e roclC'd , leavi ng a deep va ll C'.\' with 
abrupt, eastward-facing cliffs. The m oun ta in is composC'd o f \Yes tlra rcl­
clipping Siluri an rocks, on the flanks of \rhi ch , t01rnrd the )Iackc nzic , li e 
D evonian formation s in ascen ding ord er , wi t h the Bos\\·orth formation 
out cro pping at t he C'ast side of )[ackenzic ri ver at t he .:'\or thwcst Com­
pan y's :No. l \\'ell. On t he \\' est sid e of the river thC'sc heel s a rc overlain by 
Cretaceous, and it is presumed th e \YCshn1rd clip cont inu es fo r so me 
distance \\·est. On t he wes t slopes of the valley, D evo ni an limestones agai n 
ap pear at th e surface a t t he easte rn edge of Carcaj ou mountain s, an d 
westward in the 111 ounta ins Siluria n a nd Cambrian rocks occur indi cati ng 
a n C'ast\\·a rd clip. ThC' s ( rnrturc bcl \\'C'e n i\ on nan and Careajou mou n ( a i ns 
in a sec tion through the NorthwC'st Co mpa ny's No. l \\·e ll is U1u s a large 
basin in the cC' ntral parL of which C retaceous roeks occur ll'ith the lo1rC'r 
formation s on bo th fl an ks. To th C' north11·cs t , a cross-fo ld trendinµ: a lm ost 
cast ancl wes t· brings :Yiiddlc D evo ni a n rocks to t he surface' at 1\1ackcnzie 
ri ver a ncl fo rms a di st·in ct ridge \\·hich c rosses C'arcnjou ri Yer abo ut 50 
mile's above it s junction with the )fackcnzic. Th C' north slo pe of t hi s 
ridge is ve ry steep west of C'areajo u ri ver \rhc rc t he beds clip norlhmml at 
80 dC'g rees an d it is probable t hat lo lhc 1rest the l'old pm;ses int o a fa ul t. 
Farther down l\Iackenzic rive r , a no t her eross- l'olcl parnliC' I to that ju :=:t 
desnibed form s ·w olverin e anti clin e or C'a rcajo u ridge on the northeast 
sid e of the ) i[ackcnzic an d may co nti nu e as fa r west as IVC'st mountain , 
a lthough in the int crYe nin g a rea Crc(aecous rock:-: showing only small 
clips are expofiecl near the month of Carcajou river. East\rn,rd t he \\"oh·<' rin c 
anticline abut s again st a mountain of t he Norman range. Be t ween this 
mo1111tain and th e J\Iacken7.iC' , in a so ut hwest di rect ion , the cou ntr,\· is fl at 
a,ncl dotted with small lnkcs a nd sloughs lyi ng in a, musk<'g t hat co nc rab a,ll 
undcrl,,·ing rock . Thus, in the northern lmr t of th e basin bctwecrn .:"Jornrn11 
a nd Carc:1jou m ou nt·ai ns there a rc c ross- fold ~ which modify the basi n 
s!rnct ure, but since these c ross-folds arc such t hat !hC'.\' bring tho .'\Iiddl c 
D evo nian rocks to the smfacc they do not ::t ppcar to offe r favo 11rali lc 
st ru cL urcs for oil. The de tail;-; of t he slrneturc in the so uthern p:1rt of thi s 
basin a rc unkn own, but it may be that ot her minor fold s occur either par­
a ll el (o the main mountain ranges or para ll el t o the cross-fo lds already 
cl C'sc ri bed. Ruch minor fo ld s, if prese nt, would he the mos t favo urable 
locat io ns fo r t es t we ll s, but since t he country is a lmost co mpl ete ly cove red 
by n, t hi ck deposit of 111u :s keg t he lot;ation of such folds would be extremely 
clifficul (. 

11 'ells Drilled 

.Y orthwest Co1117Jany (Imperial Oil Company) "Yo. 1 well was drilled in 
l 920 on the cast sid e of -:\fackcn zic river at the mouth of J3os\1·ort:h c1·eck. 
This is the " di seovcry" well in \\'hich oil est imated at 100 barrC'hi a day 
was obtain ed at a depth of 783 feet. The oil came from the 11'o rt C' rcC'k 
shales a nd l:aYings caused the cessation of the fl ow. ln 1922 Lhc \\' C'll \ms 
deepened to 95 L feet a nd a Row of 60 to 70 barrels of oil \\'as sec u red. In 
1923 the 11·cll was further deepen eel to 1,025 feet and the ftOIY of oil in creased 
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to a b out 100 h:trrrb. I! is und c rstoo cl th e wrll has a potrntial ca paeity at 
t h l' prese nt tim e o f" ahouL 100 lmrrr ls a clay. Thr 11·r ll is now rapprcl. 

For/ X ornwn Oil C'o111pa11y m:l/ 1\'as clrilll'd in 192l rtbo ut 8 mil es up 
:\Tackc nzic l'ivrr f"rorn the l\o rth11·rst Cornpany's Ko. 1 11·c ll , o n l h r rasl 
bank of thr ri 1·c r. Thr 11·c ll mts drilled to a d e pth of 1,512 fcrl. r\. flo11· 
of gas cst inrnt rcl at 300,000 cubic fl'r l a d a~' 11·as ohtai nr d bc L11·ccn d r p!h s 
of 385 and 500 fee l. ~ o co 111111 crc ia l su ppl.1· of oil was src u rr cl. 

1YorlfnN>.~I Oil C'om71a11.1;. Bl ue.fish l\"el/. Thi s 1Ycll is loc:lf ccl o n t he 
cast ha nk of :\ fackr n zir rive r at the mou l h of Bl 11 r fi s h C'J'crk. a sho rt 
cl istan cc clo\\'11 t be :'lfac ke n zir from B ear roe k n t ! h r mouth of (; ;·ral B ear 
J'iVC'J'. Th e 11·cll \\' ;LS ahanclonccl becau se or drilling tro ubl e's. 

~Vo rtlmesl Oil Com pa ny " (" ' location u·el/ was drilled in 1921-1922. It 
is loca t r d on f-llC' 11·l's t s ide of :'11ac kcn zic ri ver south an d s lighll.Y cast or th e 
K orth 11·rs l Oil Com pan~r 's Ko. l wel I. T t 11·as clril led to a clrpt h of 3,057 
fcd and finished in !he Bcavrr!ail limestone . Tt is a dr.1· hol e. 

Xo rth wesl Oil C'o11171a11y " ])" /ocalion ll'el/ is on Bea r is land , :\faekrnzic 
l'iv r r, so uth and slightl» wes t of lhc :\orth11·rs t Oil Company's Ko. l well. 
Thr well 1nis clrillrcl in 1921 Lo a drpth of 2,304 feet. A "mall show of oil 
1rns obtain ed at about 1,9+5 fcrt and a flo11· of sa lt wat er at 2,060 frrt. Thr 
flow or oil OC' CUl'rrcl at th e co nlact of thr Fort C reek a nd B cavc rt a il form­
al ion s . Th e salt 1rn!er fl o 11· occ urred in the BcavcrbLil-H a rnpa rt s lim es to ne. 

X orlhwe8/ Oil ( '011171any JYo. 2 wrl/ wn s clri ll ccl in 192.J -25, 150 frC'! fro m 
1'\o. 1 11·r ll. A production of oil was obtainrd at 936 a nd 1,063 fc-C't, arno un t­
ing to :thout 110 lmrrcls a da>·· A lso "sholl's" of o il \\'ere found al ot he r 
d e pths . The main fl o w is hrli cvcd lo be from lhc Fort C' rcc k s hales. The 
1\'cll was drill r cl t o 1,602 feet , bu t 11·ithout any fmth e r r esult s . 

Oil ond Cos H orizons 

The ~ort hll' rs( Oil Compa ny 's Ko. l 11·c ll was drillrd on a srr page or 
oil issuing from the Bos ll'or!h formation. A number of oth rr scP pagcs fro rn 
thi s forn1ation arr knOl\'ll east or th e )V[ackrnzic , but so far as (·hr ll'rit e r 
is aware' no scc pagPs ha vr bcr 11 report ed i 11 (hi s arett 11·cst or ! hr l\Iackcn :-1ir. 
The B osworth fol'lliation co nsist s of a lt e rnating bC'cl s or sha lr and sand­
s! o ne and is considered (he 111 ost favo u rablr f"o r o il accu rn u lat ions of a n 1· 
oft he D cYonian forrn at ion s, since !he proportion of sand in it is much hi ghe r 
than in any ot her D evo ni a n hori zo n . 

As prond b.v l he X or th wes t Company 's X os. I a nd 2 1Yr l ls t hr F ort 
Creek formation contain s o il. Th e sh a le's of thi s fo rrnati o n in ma11v 
ex pos m es arr high l.\' bi tu mi nous. · 

Th e brccc iatccl li m rsto ncs t hat arc t rn ! a ti l'ely pl n.C'cd in !he Riluria11 
B ear l\Ioun1ain formation arC' in pl aces so highl y bitu111inous 1hat a strong 
oclo u r is em i l t ecl o n hrcnki llf!: the rock . These brccciat eel Ii m e;; tones a rc, 
in places, ciuitr clolomi!ic a nd a rr s uffi c i e n t]~ · porou s to act a s an oi l rese r­
voi r. At other pl aces, h o1l'evcr , the? C'onlain much g» psum a nd it is 
possi bl c the brccci:tt ion h as r C's u ltrd fro m th e change of an hyd ri tc t o g>·p­
s u rn . I!. is possible i11 C'c r tain localiti C's t hcsc rocks 111ig hl be found to be 
o il-bearing, but in the mountain s where t hey arc ex posed n o srcpagcs of 
oi l from the m 11·c rc seen. 
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The basal Cre t nceo us heels arc lmgel>· sandst ones \Yi th some shale and 
as t hey lie in Ce rt a in loca lities Oil !he Bos\\·orth fo rm a ti on \Yhi ch is unclou bt­
ccily oil-bearing , t hey might und er favo ura bl e st rn ctu ral condition s act as 
oil reservo irs . The basa l sandsto nes arc OYc rl a in by fissil e black sha les, 
capn,l Jlc, on acco un t of !heir fin eness, of ad ing as a suitable cap rock to 
r e tain the oil. In C' r rt ain localiti es, howeve r, the bl ac k C re taceo us sha les 
rest clircc ll>· o n th e D en)lli a n a nd as t he C rc!aceo 11 s is separated fro m 1hc 
D evo ni an Ji _,. a n c'rosionnl un c:o n fo rn1 ii y, i he Crelaceouc: re,. ts on t he 
B rn,; 1ro rlh fo rm atio n in so me localiti rs, \rhe rcas in o ther locali t ies, as fo r 
exa m pi e a t t he Ha m part s of t he :\ Iac k l'm~ i c, t hr C rct acco us sha les rest on 
t he Ha mpa rt s lim es tone. Thr most Lwou rn lil r lorn li t ies , t herefo re, fo r 
oi I in l he C' rctac:co us, wou lcl be where ( he basal sandsto nes rest on t he 
Bos\1·orl h fo rm a ti on nncl c r co\"C r of the higher C re taceo us sha les a ncl 
whcrr th ere is suffi c: icut Joe-al st rn et ure to co ncentrate t he o il. There arc 
certain port ion s of c·ount r>' in the Yic·init y of Lillie Brar rivr r " ·he re such 
con cl it ions nrc fulfill ed , hut not hin g is kn 01rn rega rd in g t he d e ta il s of local 
foldin g. 

Future Oil Prospects 
~os . 1 a nd 2, n ear I sla nd a nd "C" well s of the X orlhwrst Oil Com­

pa ny, a nd the we ll of the F ort N orma n Oil Co mpa ny, were drilled on 
w0s t wa rd dipping liccl s on t he " ·est fl a nk of t he a n t ic: lin a l fold whi ch fo rm s 
the .!'\ orm a n ra ng0. The B ear I sla nd a n cl "C" well s a rc cl own t he clip from 
Kos. l a ncl 2 well s and s00m t o i ndi ca t r t h i1 t no o il m ay be expected in 
t hat direc tion :ilong t he clip slop0. It is very di ffi cul t to unders tan d how 
l he oi I has been ac- n1 n111 latccl at ?\ os. J and 2 well s of t he No rthwest Oil 
C'on1 pan y in :t sha l0 fornial ion (Fort C'reek ) whi C' h wi 1 h the assoc ia1 ed 
fo rlll a t ions dips unifo l'lnl _,. 11·esh nud a nd c-o mcs to the s urface onl >' a fe w 
mil 0s cas L of l he \1·0ll s . In t hr F'o rt C ree k formal ion o n Canvo n a nd 
\'(' l'lnili on creeks, a sands ton e hori zon 50 to 70 fee t thi ck was fo u1~ cl ahout 
800 fret a bo,·c 1 lw 1Jas0 of the fo l'ln a t ion. In a fo rn w r r0port i t was sug­
ge,.;! l' cl t haL 1 he a cc umul a tion o f oil in t he Yic-in it>· of t he 1\·cl ls n1i ght he 
clu 0 to the prcsrnc c' of the sands ton e hori zon that occ m s on C'an>'O n cree k, 
bu t t hi s s: rncl sto ne is not prrsr nt in X o. 2 \1·011. No local foldin g wi t h 
whi ch the co ncen lrat ion of oi l migh t he assoc iated has bee n detected in 
t he v icini ty of the o il we ll s . 

, \ s a li .-eady sl:t lecl t 1vo large cross-fo lcl c> a rc k no wn at t he north encl of 
t he bas in sl rn rt urc , bu t since in caeh erosion has revealed t he co re of 
:\Iicl cll r D cYo nia n rocks, 1 hr ir va lue aH oil s tru ctures is ve ry cl ou hlful a nd 
depe nd s o nl y o n 1 he poss ibility l h :lt oil might be prese nt in t he brccc: iaJccl 
limes! ones u ncl erl >· i ng l h r D evonian roc- ks. As a l read >· slated , ( hcse in 
pl aces arc sufficient l>' porous lo ac-t ns oil resc n ·oi rs a ncl a, rc kn own to he 
som ewh at h it u mi no us. 

It has bee n s1at0d that so m0 seepages on t he east side of ::\ Inckcn zic 
ri ve r c-o mc from t h0 B m;11·o rth form at ion whi c- h ou t-c rops ove r large nr0as. 
As th0re is no cove r to p r0ven t the fre0 escape of the oil a t the out cro p 
no p rod uct io n ro uld be hoped fo r from t hi s fo rm at ion OYc r t he a r0i1 
11·Jw r0 it is ex posed al t he snrfac:c. H , ho 11·0vcr, loca l slru etur0s co uld 
he loc::l lcd in the a reas lo th e west \1·herc the Boswor t h is ove rl a in by 
C' r0t aero us sha les, l he p rospec ts fo r oi I ac·c u mu latio ns in (he B OS\Yort h 
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would seem to he good. Si ner thr Bosworth format ion is thinner at "C" 
\\·rll than on (\ucajon river to the west, the strata of the uppcrmosL part 
of "C'' \\·ell 1n'rc at first cons id ered to hrlong to the Bosworth formation, 
buL arr no11· confidcntlv believed to be Cretaceous shales. Thus at "C" 
\\·ell there is a coyer or" C'retaC"eous shalrs "·hiC'h "·otild prrYcnt the rscapr 
of the oil upwards, hut s ince "('" \\"rll ifi down the dip from 1'\os. 1 and 2 
\\·cl Is of the Kort lrn·es(, Oil C'orn pa n.1· and no local strncturr is known, 
there is no appnrrnt rrason \\·h>· a n>· oil original\>· present in thr Bos\\"orth 
formation shou ld not havr rnigratrd up the dip and esulprd at tlw outcrops 
on the rastrrn side of :\foC'krm~ic riYcr. That such a prncc,;s is taking place 
see 1n s to be indicated b.1· scr pagcs at t hr out C'l'Op. Thr st rnct urn \ co n­
ditions at Br:n Island \\·c• I\ arr similar to t hose at "("' well and the con­
cl usion to he dra\\·n fro111 t hrsr t \\·o well;.; srcrns to hr that no :H·c·umulation 
of o il is likr l.Y to oc·c·ur 011 thr 1rrst s idr of :1\Inckcnzie river cxcrpt \\·here 
thrrc is a local st rue( ure su pc ri 111 posed on t hr hasi 11 structure sUC' h as 1rou le] 
prr1·enl t hr rnigrnt ion oft hr oi l to thr outcrnp. 

Thr migration of the oi l up the dip in an cast\\·a rd dircetion assu 111 rs, 
o n t hr basi;; of tlw hydrauliC' t hco r>· of oil migrati on, a n unclcrgrouncl 
flow of water in thr basin st rn du rc from west lo cast , and this scrms to be 
borne out by t hr spri ngs and s<'r pagrs o n t lw rnst sidr of )fockrnzir river. 
Thr rrla t i1·c r lcYat iolls of the o ut c rops ol' the Devonian Oil the cast and 
west sidL'S of lhi:-; basin arc i1llprrfc•c·t ly kno11·n , hut the count!'>· in the 
viC'in it>· of CarC[ljo u .mountains \\·he re the Hos11·ort h bed:; out c rop is some­
what higher t han ! he ! e rri t or.1· OC'C'U pied by the Bos1Yort h fo nn ation on 
tlw cast side of :\Iackcnzir river. Thi;; difference in c lcYalio n ma.1· prn1' icle 
the hydrostatic !wad nrc·essar.v to l'a usC' the east 11·arcl migration of the 
underground waters, as a result of 11·hich the oil 11·otild be flu s hrd lo11·nrcl 
the eastern side ol' the basin an d would appea r at th e outC'rop in seepages 
s t1 C' h as do oc·c·u 1'. Hy suC'h a. t hcory the 111 0:,;t fayourable prospc<:ls for o il 
11·otild lie to1rnrcl the rastrrn outnop , 11·herc loC'al fo ld s 011 thr main fold 
n re of s t JC' h a n:t tu J' C' that· t lw r:1sh1·a.rcl Aow i;.; prPvrn !rel and ! h <' oi I C':tuscd 
to ac·eu tnula le. H sul'b loca l folds are not p1·psc'11! t hr oil 11·mild llC' flushed 
to I h C' 0111 l'rop, 11·otild hr los t, a nd llO commrrc:ial produ<'t ion co uld he 
expected . ll is unfortullatc that t hr collditions eausing the ac·c·umtilation 
of o il at :\os. I and 2 11·C'lls oft he Korthwest Oil Com pan>· arc nol under­
stood. hut sinl'C' in those 11·c,lls the oil oc·c·urs in sha les that on account of 
tlH'ir text url' offer \"l' JT lit t Ir opportu ni t.Y for t lw migration of liquids, the 
conditions arc not c·ompar:thl<' 11·it h those i111·0\ving 111 ovr11H•11t thrnugh 
s:u1dsto 11C's , suC'h a:-; arC' prrsrnt in the Bos1rorth format ion. It sce111s 
a.I most ncc·cssar>· to as;;u111e a c·C'rlai11 a 111 ou11t of f'raduring of I hr slrnlC';.; 
lo allow a n ac·c·t1 11rnlat io11 of oi l in them at anY point on n scale sufficient 
to giYr an oi l 11·e ll. and, if suc·h is t hl' C':lsC', t IH' 11·p]] s 11·hc•11 l'rrC'l.v dr:nrn 
upon would not ilr rxpeC'tC'cl to >'ield oil for any great length of time. 

From 1Yhat is knoml of Korman o il- field , the pros pects for a large 
produdion of oi l do not ser 111 vrr>· favo urabl e, unl ess local fitrnclu r cs 
su 1wri mposccl Oil tlw basin sLruclure can be localed. H tllC' h.\'Clrnulic 
th!'or>· ol' aec·t 1111ul at ion of' o il llr ac·c·C'ptrd the best prospects sho uld occur 
tomucl t lw rastC'rn side of the basin in such local anlicli11C's as exist. It 
would seem unrrasonabll' to assunH' in t hr c!01n1warping of a lm;.;in such 
as that behreen Korman a nd Carcajou m o untain s, tlrnL !hr m oY<' lll C' llt was 
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so regular as to cause o nl>· o nr, la rge, regu la r do1n1fold 11·it ho u t a cr rtain 
amo t1 n t of loea l cru mpli ngs. That sue h was not 1 hr rnsr is s ho1rn at the 
n o rthr rn end of t he basin 11·hrrc cross-fo lds lrnYc been dcvelo rwcl. Oth C'l' 
s mall fo lds cit he r parallel to the m ot1nt nins or to thr l'l'OSs-fo lcl s, shou ld occur 
clse1rhc rc. Th e 1ni tcr is of the o pinion t hat the value of the ::\or man o il­
fi r ld as a la rge produce r of o il clcpcncls o n the cxtr n t to ll' hi c:h min or folds 
h aYc brr n cl rveloprd a nd can be located in mens fayomah l>' sitt1at r cl. His 
wr ll establi shed that oil-bra rin g beds a rr prC'sC' n( a nd that thcrr a rc a 
numlwr of ho ri zo ns ll'hich , g ive n proper co ndi t ions, arc o f suffici e n t 
poros ity to act as oil rcsr rvoi rs . 

(' /wrncler of Oil.from :V orllmesl Oil Company's X o. 1 ll"c/l. An a na lysi s 
of the o il fr om thr ::\o r t11 11·C'sl Oil Company 's ::\o . 1 IYC'll, m ac!C' h>· .J. A. 
h:c lso, L ninrsit>· of Alber ta , a n cl publi shed in C:C'o logical :-lurvcy , Sum­
mary H<'port I 920, pt. B , pagr 58, is as foll o ll's : 

RpN· ifi(· ,1..!; rn\· i t~·. 

JJi,-t illation-
70 I 0 1 :iO d cg n •('S ('. 

l!iO ·' :100 

O· S~:i (36° B:turnt' ) 

22·.) pe r r·<•n t ( (; a~ol ine ) 
:)8· ;) (l llu 111inant;-; ) 

:ioo " :i::o 3:J-9 (1.igh t luh r i<·anl,; ) 
:{;j() " :17,5 ~ · 1 0 1 c>diu111 lul ' rirnnt ,;) 
i .O~:" . 1 ·O 

Loa of "Vorllncesl Oil Company's ~Vo. 2 ff ell, 1Yon11an 

Thr fo 11 01ring log, s t1ppli rcl and publi sh C'cl 1r ith t he perm ission of t h e 
Impe ri a l Oil Co mpa ny, illu strates t he charactrr of th e sec! i rnc n ls in Nor man 
area. 

D esr rip i ion 
Su r f:H·(' malrrial s . . 
1 iµ:h1 µ; re_._,., ~ li µ:hth· ('al,.arcous, e\ay shale ,\·i th G li ttl P fi nf' :':tnd . 
Ligh t g re y , non-caif'a ri'ous. ('by , ]m\c. i-il1 0\\" inµ: of oil al 122 fl'cl. 
L i: . .dit -µ; rC'_\ ·, non-C"nll-areous c·lay :-.;h: de wit h a l i ttle f-inc :.;an d 
L ight µ:rey. ('a\C'a rcou s (·la.\· !-'h ale with a li ttle f-in C' ..;and 
J,ight µ:re_, ., non-f'a l(':trcou :-.; <' la:·: :--hale w ith a lit tle fi11c :-:and .. 
Hlui :-.;11 µ;n•y :-; J1 ale w ith g: rc:,· :-= and.;tonc. 
H arde r, l: \ui s ll g rey ' lmli', """h· 
Hlui <il µ:r., , . , h all'. '>llld \· . (:as at 272 feel 
lll ui sh gre~ · ,; ha le 
Hlui..;h µ;re>· :-.;hctle. :-:and~·. 
Blui :·d1 gn' :-.· ;-;]1al r, C'a\('a rf'o u:-:. 
IHui...;h grey sl1a lc 1 :-:and y. 
H lu i:..;ll µ: rf' ,\' ;-;J1ak• , :-;<,ft. 
l\\ ui <il ).' r<'y ,; \Jail' 
13lu i"h µ:r0 >· :-: l1alc, sand_,,. and hard . 
l ~ lu i :..; h µ:re:-, · :-;hall•, :-. :LIHI , .. 

ll\u i<h µ: rn· <hal e, , ·e r y li1tl e sa nd . 
Blui...;h grc_,. :-.;l 1nlc 
l ~l u i " li g rey :-;) 1alc, f:lirly !iard 
lilui,; 11 grey ,; ha le 
l ) ark grr y , :-:oft. <·alc·:tn' otl:--i :-; hall' wit 11 :-;ornc· blui:-; l1 ~rcy :'hale . 
l ~lt! i "' l1 g: rey :-.hale, 1·akareou!; an d h :trder than :11>0\·e. 
Blui ..; \i g rey :-; ha le . fai r\.\· hard, non-<·ak:1reou:-; .. 
Bl ui..; \1 gre.v :-;h:dL•. fai r\.\· h :1rd. (·:_d ('C\n•ou:-; . 
l ~ lui -.: h grey shale, 11011-ta!C':trcou:-:. <..:.howinp: of oi l at 702 fC'C't 
Bl ui..;h µ:re\· :--hale 
l ~lui ..; h µ: rev shale , f:li rl.\· hard , ('a !('areous . 
Plui...;\ 1 grey !:'h aiC'. slign ll.\· <·al(':t rNHI"' . 
Blui s h gl'l'\' 'hale, f:iir\ _,. hard. <·a kareou-< . . \ t 39:, feel 25 bb l<. of o il. \\"hir·h 

d('{'!'('a:-;('d to :2 l · b\...; . a da\· 
13\ui :-:h grey :-- half', fai r!.\ · l1ani , ...:\ !µ:ht\,- (';t\ ('a rPou s. 

D e pth in feet 
0 to :JO 

:io " 120 
120 " 1~0 
1:w 

,, 
200 

200 " no 
220 " 2:10 
n o " 240 
24 0 " 270 
270 " 280 
28 0 " 290 
200 " 310 
:1 10 " :i20 
:320 " 390 
390 " 400 
400 " 4:;o 
4:rn " 440 
"l ~O " 4ii0 
4ii0 " 4GO 
~ fi O " 490 
490 " .100 
fiOO " 700 
700 " 7 10 
710 " 7~0 
720 " 770 
770 " 790 
790 " 8 10 
d lO " Ri}O 
8.iO H 8C\O 
860 ·' 880 

8RO " 900 
900 " o:o 
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Loa of Northwest Oil Com7ia ny's No. 2 ltl'ell, .Vonnan-Con!inuccl 

D escrip t ion 

Dlui' h grey , Jia le, fairl y hard, non-calcareouo ... 
Blue-bla<"I< 'halt>, hard, non-<"a lrareo us, so 111 c' 11 .n it c' .. .. 
Hlue-hlack sha le, with so111c pyr ite and c·alcite in Ycins 
Blue-black shale . . . 
D ark, grey ish black shale, sofl. 
Dark , grcy i!"' h hlaC'k ~hnl (\ wilh brownish tinge . 
D ark, grcy i"'h t laf'k ~ hale , nardpr . . ........... . . 
])ark , greyish h!ack ~hale , very liard, wjt11 JllU('h pyrite. 
DarK, gre~·ish black shale . 
D:trk, bro11"nisl1 black shale, hard, "·ith pyrite. T11i,; is c,· ide ntly t11c 

base of the F ort C ree k sn:tleo. 
Hard, b rown lim estone with petroleum odour . 
Jl:ird, brown limestone. 
H a rd, brown limestone, petroleu111 odour. 
H nrd, brown lime~to 11 0. 
l f:ird, b roll"n limestone, becom ing cl :ukc•r \\'ith dcptl1. 
H ard, bro\\"n limestone . 
Ilarll, d:irk hrown li111e~to n e . . . 
H ard limestone, lighter colour than above. 
1-fard , hro\nl lirn c:·donc. 
H ard, light i' ro"·n li111estone . .. 
J Inn !, liµ;ht bnnn1 li mestonP, hec·ominµ; 1n ore :; l1 aly .. 
H ard, ligh t 1 l'O\\'I' li11H•sto nC' . 
H arri, ligh t L·ro\\'n lin1cstone \\"ith so 11 1e d ark shale 
D ark grey, caiC'areous sh:>ll' .. 

Depth in feet 

920 to 950 
%0 " 9()0 
960 " 970 
970 " 980 
980 " I, 0:10 

I ' o:io " 1, OiO 
I , OiO " 1 , o:,o 
I , 0:10 " 1 , OliO 
1, OGO " 1, 070 

1 , 070 " I , 086 
l , 086 " 1, OD:i 
1,0% " 1 , 1:10 
I , 1:; 0 " 1, 140 
1,liO " 1 ,190 
1 , 190 " 1 ,200 
I , 200 " 1, 240 
1, 2~ 0 " I , 2.'iO 
1 , 2.50 " l, 2GO 
J , 2GO " 1, 290 
1 , 290 " 1,4.'iO 
1 , 4o0 " 1 , 'lfiO 
I , 4fi0 " 1, !70 
1, 470 " 1 ,·l ~O 
I , ,180 " 1 , C 00 

I t is no t clefi nit ely kn own what horizon is represcn tcd by the shales 
in the hol!om of !his " ·ell. The Bcaver! a il and R amparts limestone from 
sections mcasm cd in other parLs of Norman area a rc considered to have 
a thickness exceeding that of the lim estones in t his well, but it is possible 
t hat the thickness in outcrops \ms ovcr-cstimatcd.1 Outside Norman 
area 1 he Ham parts lim estone overlies t he H are Indian River shales and, 
possibly, these may be partl y represent ed by the shal es in the bottom of 
the well. Kindle and Bosworth2 sLatc that the thickness of the H are 
India n Rive r shales exceeds 300 feet, so that i t is possi blc the well sto pped 
in these shales. The objection to this interpretation of t he lower shale's of 
the \Yell is that the H are Indian River shales a rc not known to be present 
elsewhere in Norman area and sin ce in the mountains both to the cas t a nd 
the \Yest the Ham parts limes tone rests directly on brecciated limestones 
and dolomites of the top of t he Bear :,\founLain formation, the Hare Indi an 
!liver shales have been presumed absent. It is possibl e, therefore, that 
the calcareous shal es reported in the well, from 1,480 to 1,600 feet , arc :1 

shaly phase of th e Hamparts limestone, or poss ibly arc a phase of t he Bear 
Mountain brecciated li mestones. However, in view of what is known of 
t he stratigraphy of Norman area, neither of these possibilities seems 
logical a nd it is much more reasonabl e to assume the shales belong to the 
Hare Indian Hivcr form ation. This would mean a considerable erosional 
interval between the Silmian and t he D evonian in order to accoun t for 
the a bsence of these shales in Carcajou mountains where in t he cliffs along 
the gorge of Carcajou river the contact between the D evonian ancl Si lurian 
can be observed for long distances. 

• Hum e, G. S. : Geo!. Rul'\"., Can:id·>, Sum. Hept. 1922, pt. n, p . 55. 
2 K ind le, E. :\f. , ~nd Bo.swort h, T . 0.: "Oil-bearing Rocks of Lower :\[ackcnzie Hiver \ "alley"; Geol. Surv .• 

Canada, :-Sum. H cpt. 1V20, pt . B, p. 44 . 

46851-9 
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GREA'l' SLAVE LAKE AREA 

I ntrocl net ion 
Great SlaYc lake is the fourth larg0st bkc on the North American 

conlin cnt , being exceeded on ly by Superior, Huron , and l\[i chigan lakes . 
At no place, ho\\·cycr, is it more than 70 milC's 11·ide and it is divided in to 
three major divisions, a nor thern , eastern , and western. The longer axis 
of t he lake passes through the eas tern and western arm s in a northcast­
souLhwcst clireetion . The main part of the lake is between latitudes 61 and 
62, but a large part of t he north and casL nrm s lies to the north. The lake 
reaches from longi t ucle 117° 30' to 109°. 

The eastern part of the lake, the 0asL a rm , is \\·ithin the area of Pre­
cambrian rocks of th0 C'anacl ian Rhicld; the rest of the lake lies \\"i thin 
an arc::t of Palmozoic sediments. The bounclatY hct wee n the Precn, rn brian 
and Pal::cozoic follows the north arm in a northw0stcrl y direction , with 
P al::cozoic strata forming the west shore and with patches of Pahozoic 
lying on Precambrian along Uw cast fi horc. 

The shore of the weste rn arm of GreaL fl]a,·c lake i::; for Lhc most part 
low and is described by Camcron t as follO\rn: 

" The south shore from :->tone\· island ,,·est to Little Buffa lo ri ver is formed of delta 
deposits from i:l lave river . · . At R esolution a 1011· rnng;e of hills ri ses abovr t he 
silts and extrnds west in to the l:ike, forming ::\Iission a nd i\Ioose islands and, s till farther 
west, Burnt islands. 

From the mouth of Little Buffa lo river, which marks the western li mit of t he delta 
deposits, the shoreline is cha rac terized by 11·ide, shallo\\" ba:rn separated by low, gravelly, 
or rock~, points . 'Csually each bay bas a gravelly or sandy beach behind which lies a 
na rrow s1. retch of low, S\rnmp~· muskeg or sballo11·, open lagoon. i:louth of Pine point t he 
ground rises gently inland un t il at a distance of some 10 miles it reaches an elevation of 
300 fee l a bove the present lake-level \\"est of the mouth of Buffalo river Lhc 
s hore li ne is gencrallv low-ly ing a nd swa mpy wit,h few pronoun ced points. 

\\"est of a lin e drawn from H ay river to :->lave point on the nort h shore, t he shores 
of the lake arc formed presumably of soft shales, n,ncl the adjacent land is lo\\·-Jying and 
Sll'a mpy. Long st retches of 8prucc and tamarack muskegs reac h inland from Lhc la ke. 
These a rc bound ed on the south h~' Engle mountains . . 

From f:l!ave point the [north ] shore runs north for about <10 mil cR a nd then cast fo r 25 
miles a nd then Sll'ings in a wide circle to the north arm . . . . . . i\Iany deep, na rrow 
bays stretch inland approximately para llel to one another . The heads of the 
bays arc in most C<lSCS low a nd s11·a mJJ>', like those on the so uth shore \\'ide 
m arshes, in many cases co nta inin g l:trge, open sloug; hR, stretch inland from the bays. On 
t he broader points low, wave-cut cliffs in the limesto ne occur, t houg h frequently the 
cliffs are situated some distance inl a nd from t he present la ke shore . . . The in land 
countr~' nort h of t he lake is a low spruce a nd tamarac k muskeg slightl y higher than the 
lake, \1·ith numerous, long, narro \\" hills ri sing 100 to 150 feet above lake-level . 
One of the pronounced featu res in this region is Lile absence of drnin nge towa rds t he lake. 
Throughout 1 he entire 136 miles of shoreline between M ackenzie river and the Nor th arm 
only one small stream \\'US found entering the Jake ." 

So uth of Great Slave lake lies t he Alberta plateau, marked by north­
facing escarpments extending from near 11'ort Smith on Slave river north­
westerly and giving rise to fall s on H ay and E:akisa rivers. The fall s on 
Hay river arc 40 miles south of the lake. On the north side of Great Rlave 
lake, as pointed out by Cam0ron, no large stream s enter. To t he north­
west lies H orn mountain ri sing, according to \Vhi ttakcr, 2 to a heigh t of 

i Cameron, A. E.: "Hay and BuITalo H i,·cr.-., Crea l ~hn-c Lake uncl Adjacent Countryn; Geol. Sun·., Canada, 
Sum. Hept. 192 1, pt. ll, p. lO . 

2 Whittaker, E. J .: ".:\ fackcnzic R iver D istrict Bct\,·ccn Great Sh.n·e Lake and Sim pson"; Geol. Sun·., Canada, 
Sum . Rcpt. 1921, pt. ll , p. 47. 



123 

2,000 feet above the monotonous plain of muskeg and lake to t he so uth­
east. On lhc Korlh arm , Ord ovician and Rilurian rocks fo rm an casl warcl­
facing cues ta ri sing in t he nort h directly from t he plateau sm facc of t he 
Canad ian ~hi clcl, whereas in lhe south the escarpment is clo~c to or at, the 
lake shore. 

Slraligmphy 

The fo ll o1r i ng lab le of formal ions is la ken fro m rr porl~ by C'amcron 1 

and 1n1itLaker .2 
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1 Cameron. A. E.: ' ' ] J ~1y and BufTalo ]{i,·ers, Great ~lave l.ake an<l Adjacent Counlry''; Gcol. Sur\·. , Cnnuda, 
Sum. Hept. 1921, pt. R, p. 13. 

2 Whi ltakcr, E . J .: " Jfo.ckcnzic Hi,·cr Dist ric L Between Crc:lt :--:la\'C T.ako and Rimp.-;on"; Geo!. Sun·., Canada. 
Sum. H.cpt. 1921, p. 5 1. 

46851-9~ 
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Strilclure 

Over th e wholr of Great Rlave Lake area the strata depart only slightly 
from the horizontal , though 1hcrc is a rrµ;ional so uthwesterly dip. The 
lower Pahozoic heels outcrop along the Xorth arm and in the vicinity of 
Rcsolu tion and southward on the south sid e of 1 he lake. Th e highrr 
Drvonian st rat a lir to the west and C'retaceous beds occur in Horn moun­
tain at a considerable elevation above the lake-level. On the sout h shore, 
"at Pinc point and in Tiesol u t ion hny,'' according to C'amcron ,t "the 
expos mes indicate a gentl e an liclinal tendency, the apex of lhc an licli no 
being in the vicinity of the point itself. " This anti clin e is shown hy the 
presr ncc of Pin c P oint limestones for some distance on both sides of Pinc 
point, but flanked holh lo wesL and cast hy !hr higher Prcsq u'ilc dolomites. 
It is probabl e that the anticline trrnds in a nortlrn·cst direction to the north 
shore , where, in the vici nit y of ~ulphur ha~·, the Presq u'il e formation is 
exposed with t·he higher Rlnxc Point lim estones to the east and west. This 
anticline is of lhc nature of a brnad warp with grnLlr dips and is made 
a pp;trent only by the dist ri bu (ion of the several formations and not by 
observed clips. lt seems probable that even this broad anticline has had 
an appreciable influence lending to cause the migration of oil toward the 
axis, for on Pin c point, which is presumabl y on the axis on the south shore, 
the Pinc Point limesto nes have a high bituminous eontcnt; and on the 
north ::;hore, seepages of oil occm in the Presqu'ile dolomites in the viciniLy 
of Windy (Ninlsi ) point, again presumably on the crcsL of the anticline. 

Jl'rom geological work clon e by J. J . 0'1'\ cill ,2 geologist for the "Whi te 
Reaver Oil C'ompany, it appears there is local folding in the vicinity of 
H ay river some distance so uLh of Great SlaYc lake. The fold on whi ch the 
"\Yhil c Reaver Oil Company's \roll \YUS located st rikes, according to O'Neill, 
ahout northeast and so uthwest, or at about right angles to the large fold 
cross ing GrcaL Slave lake from Pinc to \Yincl y points. The closure from 
crest to trough on this fo ld is approximately 300 feel, !Jut there may he a 
southwcsL plunge since the region al clip of ihc strata at 1his locali t:v is in 
this direction. The position of t he apex of the anticline is unknown a nd it 
is possible the well was at a consid erable distance away from it , in whi ch 
case the anticline has oi l possibilities toward the apex if there is closure to 
the northeast. Camcron'1 also reports gentle anticlinal folding in the 
Devonian above Alexandra falls on Hay river , but the extent and magni­
tude of these folds are unknown. 

Oil and Gas Ilorizons 

Seepages of oil are known in only two formations in Great Slave Lake 
a rea, namely the Pinc Point and the Prcsqu'lle formations . The Fort 
Creek shales in Norman area have proved to be oil-bearing in t he North-

t Cameron, A. E.: "]fay and BufTulo Hi\'crs, Great Sla\·c 1.akcand .\djaccnt Cu:• 1llry"; Cool. Sun·., Canad:1, 
f'u rn . HPpt. lfl21, pt. n, p, 34. 

Z l'cr . .,onal communic::ition. 
3 C:nncron, A. E.: "Exploration in the \ · icinity of Grc,1t Sla\·c Lake"; Cool. Hurv., Can::idct, Su m. Hept. 

JUii, uL C, P- 27. 
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west Oil Compan.'·'s Xos. 1 and 2 11·cll s and it is believed the Fort C rrrk 
shal es a rc eq ui valent in age to t he Simpson shales of Great SlaYe Lake 
a rea. The Simpson shales are not exposed , so far as kn own , a nywhcrr on 
Great Slave lake, hut a rr presum ed to underlie the co un t ry at t he westr rn 
encl of the lake in t he vicinity of the )Iackcn;,,ir , and acco rding to ·whi t­
takcrt a rc exposed on :;\Iackcn zic river 5 miles above Habbitski n river 
and at inte rvals to Simpson. No see pages or oil a rc known from thrsr 
ha les, bu t as the.'' weal her rasily and ra rely outcrop, kn o11·ledge rega rding 

them is very limited. At Pinc point , on C:reaL Slan la ke, the P inr P oin t 
fo rma tion is, in part , hi gbl ? bi t umin ous, but the sedim ents exposed thr rc 
lack the ap pearance of being such as \l"O Uid act as resr rvoirs fo r large 
q ua nLitics of oil and they were banrn in the ·windy P oint well. 

The srcpagcs at ·windy point and on Sulphu r bay on lhc north sho re 
of the la ke arc from the Prcsq u'i k fo rmat ion. Accordin g t o Camcron ,2 

t he rocks of t his fo rm at ion where exposed a re " massive, bedded, gen era ll y 
coarsely crystalline, poro us, and cavnnous dolomites. Large cavrrn s and 
pores arc n um erous and a rc frequ ently lin ed with dolomi te crysta ls a nd 
fill ed \Yith semi-liquid bi t uminous ma tte r. " This fo rm a tion , both on 
acco un t of its oi l content and its porosity, is considered to be the bcsL 
prospective oil hori zo n in C:rcaL Slave Lake a rea. The Slave P oin t lime­
ston es a rc a l,;o slight ly bituminous in certain a reas, bu t lack the porosity 
t hat characterizes the Prcsqu 'i lc dolomi te a nd no seepages of oi l arc known 
from them. 

ff ells Dn"lled 

The No rt h11·cst Oil Com pany (Imperial Oil Company) in 1921-22 
drill ed a well at Windy (Nintsi) point on the north shore of Great SlaVC' 
lake. The well bega n in the Prcsqu'lle dolomit es and penetrated t he total 
t hickness of the P alreozoic belo11·. Xo oil was found. Th e well is aban­
don ed. 

The Whi te Beaver Oil Company in 1922 drillrcl a well 15 mi les so uth 
of Great SlaYc lake in the vici nity of H ay ri ve r. Th e depth of t he we ll is 
712 feet. A st rong ftow of sa lt wa ter was s truck in the Prcsq u'il c formation. 
The we ll is aban don ed. 

Future Oil P rospects 

The well of the North wes t Oil Co mpany was drill ed on lhe crest of 
t he broad a nticlin e in the vicinit y of ·wind y point and as already st ated 
the well began in t he Presqu'lle dolomite from which oil seeps at that 
place . Sin ce at thi s local ity th e Presq u't](' form a tion has no cover the re 
hard]~' could be suffici ent pressure , within a formation of such high por­
osity, to cause oi l to fi ow in comm ercial quantit"ics into a well. No oil was 
fo und in the undcrl.'' ing P alrcozoic fo rmations. The broad , anliclin al st ru c­
t ure t hat occurs at this loca li ty appare ntly has in fiu cncecl the oi l to flow 

1 \\'hiUaker, E .. I. : ",\f:l('kc•nzil' H i\'CI' Dis tricl Between Crcnt Sia Ye l .nkc und ;-.iirnp_-:;on"; Geo!. Surv., c~rnada, 
Rum. J~ept. JU21, pt. B, p. 52. 

2 CnmPron, A . E.: " 1 fa.\· nnd B uffalo H.i\·er3, Great Sl.i\·c L ake and Ad jacent Country"; Geo!. Surv., Cannd:.i., 
Sum . Hcpt . 192 1, pt. n, p. 2:J. 



126 

toward the crest of the ant iclin e, sin ce that is where the seepages occur. 
Any oil that might otherwise have been concentrated at t he crest of t he 
anticline is escaping by seepage an d no commercial production is to be 
expected at this locality. The condit ions under which the oil occurs lead 
to the hope t hat if, at the weste rn encl of Great Slan lake where the 
Presq u'ilc fo rmation is presum ably overlain by the Simpson shales, other 
anticlin es, preferably not so broad, exist, the prospects for oil wells on 
such anti clines would be very good. On such st rn cturcs t he Simpson 
shales woulcl form an effect ive cover to retain the oil in t he Prcsqu'ilc 
formation ,,·hich, as it is sufficien tl y porous ove1· a wid e area ,,·here exposed, 
wou ld probably be porous in t he west a lso . The only expl oration so far 
atte mp ted on t he north sid e of l\Iackenzic ri ver at ihc westcm end of 
Great Slave lake, was t he sm vey of H om ri ver and mountain by E. J . 
·Whi ttaker. J\[r. \\Thi tiakcr found no exposed D evonia n rocks younger 
t han ihc Pinc Poin t lim estones and no evid ence of st rnct m e sui table for 
oil accumulati ons. Cretaceous strata form H orn mountain, but since t he 
D evo ni an is separated from the Cretaceous by an erosional un conformity 
it is not kn ow n i [ l he whole D evonian success ion is present ; however, as 
t he Simpson shales outcrop on l\Iackcnzic ri ver it is inferred that they a rc 
present and hence there would be a sui table cover fo r an oil-field . Since 
east of Horn river there are no large st reams, the possibility of findin g 
suit able out crops by which to determine local stru cture is rat her remote 
and search for st rn ctm es " ·it hin t his promising area would have to be 
und ert aken by shall ow drillin gs. 

Th ere appears to be little prospect of findi ng oil in t he broad anticlin e 
at Pin c point. 1'\o great t hi ckness of Pahozoic sed im ents is present and as 
t he Pin c Point formation outcrops it scarcely co uld act as a reservoir rock. 

At t he location of the \Yhi tc Beaver Oil Company's \1·e ll on Hay 
ri ve r, 15 1niles so uth of Great Slave lake, t here is some local folding. Dril­
ling, howeve r, as a lready slated , yielclecl a strong fio,,· of salt waier from 
t he Presqu'ile fo rm at ion. If there is any moYcment of undergroun d 
wate r through the Presci u'ile formal ion, t he presence of sulphur sprin gs 
a nd oi l seepages on the north shore of Great Rlavc la ke would point to a 
nor! hwarcl fl ow, but t he regional clip of the rocks is apparently southwest­
ward and there is no known place ,,·here the Presqu'ile ou tcrops at an 
cleval ion suffi cicn t to give a hycl rostalic head great enough to cause t he 
strong flow of sa lt water at the \Yhitc Deaxc r Oi l Compan~" s well. Thus, 
the onl y probable explanat ion for this strong flow is that t he well was 
drilled on the fl a nk of a n anti clin e, or dome, in the ce ntral part of which 
gas exists under pressmc sufficient to cause the \Yater to flo1Y when the 
proper hori zon was reached by t he drill. If such is the case some oi l may 
be present below 1. he gas and above the salt water , but the amount of gas 
and oi l in 1his stru cl m e, if such arc present, depends on t he size of the 
structure , i.e. the closure above the salt wate r. If the \\·cll local ion is high 
up on the fl a nk of the fold t he amount of sLruct m e t hat can possibl y 
be occupied by oil and gas will be rel at i ve]~- small , whereas if the \Yell is 
at a considerable distance cl own t he flank t here is a possibility t hat com­
merci al supplies of gas and oil may be found. Sin ce t he detail: of the 
st ru cture a nd the relation of t he \\·ell to it a re not kno\Yn no predic tions 
can be made. 
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Log of the TVindy Point TV ell 

The following log of the \Yincly Point well, as given by Cameron,1 
illustrates the thickness a nd character of the various fo rmation s at this 
place. The top of t he well is 15 feet above Great Slave lake. 
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1 C'amc.'ron, . \ . E.: " l by and Buffalo Hi Yer~, Great Hla\·e L ake, and Adjacent Country"; Geol. ~un., Canadn, 
Rum. H ep!. 1!121, pt. B. p. lfi. 

2 An Ordo\·ician fau nn wns found in tl1esc red bcc ls on the 8ou th crn part of lhc ~orlh ~ir 1 n. (Sl'c rc.'port ''Ordo­
vician and Hilurian Fo:-:;:3ib from Great ~lave Lake"; G co l. :--;urv., Cnnada, A\ l u.;. Hull. :!\o. 44, pp . 5Q-li4.) 
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OTl lEH PHOSPECTl\.E AREAS WLTJIT K ?llACKEKZIE RlYEU BASIN 

The area \Yest and so uth of GreaL ~ l ave lake has already bee n referred 
to. Jn this area folding is knO\rn to be present in the v icinity of Hay river, 
though lit li e informa tion is available regarding the exte nt and magnitude 
of the fold s. 

The l\lfackenzic lo,,·lands to t he northwest become much narrower 
betwee n Nor th Nahanni an d Root m oun tains on the west a nd Franklin 
mountain s on the cast, but farther northward in the v ici ni ty of Hed stonc 
and Gravel ri vers there is an exte nsive area overlain lw C' re taceo us and 
Tertiary st rata in which folds of sufficient magnitude shou ld offer f:wour­
ablc oil prospects in the underlying Devonian. This area cxLencls into 
Norman fic lcl in the vicinity of LiLlle Bear river, a lthough a sma ll mountai n 
ouLlier south of Norman shows much more intensive folding than is knO\Yll 
elsewh ere, excC'pt in the mo un tains to the cast and \\·est. This small 
mountain ouLliert is a sharp fo ld , hut it may be inferred that in an area 
where such sharp folding occurs there may be as yet undetected folds of a 
much less pronounced characte r in which oil may have accumulated. 

No atternpL has yet been made to study the oi l prospects of the :\Iac­
kenzic lowla nd s and P eel plateau north and west of Norman field , hut it 
is knom1 that large areas in th is part of Mackenzie district a rc underlain 
by rocks ol' the same age as t he petrolifcrous D evonia n s trata of No rman 
area. 

FHASER RIYER AREA, BlUTISH COLU:\'IBJ A.2 

By lr. A. J ohnston 

Drilling 07Jerations and Their Results 
The firnt deep drilling in Fraser River Delta area 1rns done abo ut 1875 in Sf':trch of 

workable scams of coal. The first horP-holr was located on tlw so uth shore o[ Burrnrd 
inlet. Abo ut 188i t he Canadian l':tcific lbi lway Cornp:c1w drilled a number of holf's at 
l\:its ilnno :rnd l'ort H ancy in search of coal, but no lo?;s of the~c holes are :wai l:Ll>le. A 
grcat num bc r of sha llow borings in the drift clcpos il s, cspec iall.v in the Xicomek l-Ncrpcntine 
vn llcy , :tnd o ne dPcp liorin?; by the P. Burns Comp:tny, have hccn made in Sf'a rch of 
Artc~ian w:tlc r. The first we ll drillPd for oi l a nd g:ts 1rns locatC'd n,t Stcvf'Ston and was 
put down abo ut Hl06. The recent drill ing opC'rnt ions hC'gnn in 1913 a.nd have co nt inucd 
to the prese nt. 

The NtcvC'ston well ""1s drilled by i\T r . JI. C'. Fri tts, lo wh om the write r is ind ebted 
for the following informat ion regardi.ng the 11·ell. A rnlary drilling rig 1rns used and a 
13-inC"h hole was C"arried through sand ton dept h of 700 feet, at which point a la rge boulder 
was enco untered. The boulder 1rns dri lled for 6 fcct and t he 10-inch casing set . . \ 10-inch 
hole wns carr ied lo a depth of 860 feet, 11·herc tl1c first shale bed was encountered and a 
flow of gas obtained. A gas pressure of 88 pounds to the square inC"h was obtained by 
bushing the JO-in ch pipe to {-in ch and using a stpa m gauge. From 800 fef't lo 1,COO feet, 
where t.he fir~t hard shale was cncount rrecl, I he formatio n var ied from fin e sand to slmle. 
The 8-inC"h rasing was set at a depth of 1,000 feet. Drilling was cont inued with au-inch 
stf'm lo a depth of 1,400 feet , whe n operations ecased l•erause of lack of c:tpital. A pa r t 
of t he cas ing .• till remain s in the J1olc. 

The l'ilt i\ lpadows well , the location of whi(' h is shown on i\ [ap 196.5, mLH begun i>y the 
Pitt J\Icaclows Oil \\.e ll s, J. irnitcd, in DPC"P111hcr , 1913. The 11·e ll is located on t11f' t idal 
floats about one mile nort heast of Hhcrid:tn hi ll . The first we ll 11·as put do1rn at t his point 
by t lw Cossel D evelopment Co111pany, of which ~Tr . \\ .. T. P atterson was manage r, and 

I Geo!. ~urv., Canada, Sum. Hept. Jf)2;{. pt . n. 
2 Extrnrtcd from ''Geology of Fra~cr H_i,·er D elt a .\fap-arca," hy \\.A. Johnston , Geol. Sun·., Cnnad·1, ~\f em. 

135, pp . 60-72, ( 1923). 
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reached a depth of a bout l ,200 feet, hut ow ing to diffi culties it was then a b:rndoncd. 
The drilling was clone ll'ith a stan da rd drilling rig. .\. second hole reached a dept h of 
l ,990 feet on .Janua ry 1, 1919, on!~· about 100 feet in depth having been made in three 
years owing Lo the loss of tools in the hole. A dept h of 2,026 feet \\'as reached in l 021, 
when it was decided 1o put cloll'n :1 dian1o nd-d ri ll hole in lhc bottom of the hole a lready 
drilled. T he diamond-drill hole \\'as ca r1· iccl to a depth of 2, 72-1 i feet, the first 100 frpt 
being two a nd three-eighths core and the rclllainclcr two and a quarter core. 

The un consolidated surfacr deposits in thr i'itt :\fcadoll's ll'C'll apparcnl.ly ex tended to 
at least 1 , 0~7 feet. The upprr parl consistrd of rrc r nt alluvium and the 101\'Cr part of 
g lacial deposits . C lac ialcd pebble" arc slated to have been bro ught up from a depth of 
over 1,000 feet. The charnclrr oft he upprr par t of the hcclroclc is not dcfin itrl.v known as 
the pla nt 11·as burnt in Jnnuar)', Jl) l-1, and Lhc samplrs ll'C' re lost . . Lt is staled 
by :\ fr . C . . \.. i\IcRae, managl'r for the company, that sa lt 1n1lrr containing o il 11·ith a 
p:naffin hase 11·as st ruck at l , 1~ 8 f rpt and ilrnt a small qua ntit)' of oi lv lllatcri al w:ts obtai 1H'd 
from bcLll'ecn 1,8:)5 :uicl l ,875 f<'<'I. Home gas ll':lS a lso stru ck. Ha lt water (den sity 1·0 16 
and tcmpNaL ure 59° F. ) was flow ing from the Lop of l hc ca~ i ng in Srptcmhl'r, 192 1, and 
hubbies of gas \\·ere r is ing: thro ugh t he w:tlC'I' . The temperature of the \rntcr indicates that, 
it come& frolll a dept Ii of ,;evernl hundred fcrt, fo r it is l 0 degrrrs ll'armrr lh:tn I he sp ring 
waters in the area, which :trc vrry nral'i Y th e s:tml' :t' Lhe mean annua l air lrmperaturC'. 

The l>orL l fancy Oilfields Compa ny cl r ill rd a well in the brd of l\ana lrn nrck about 
3 mi les Past of Por t J fancy 'rncl 1 mi le e:1st of llu' eastern boundary of i\f:tp ]!)65. T he 
hope of find ing natural gas or o il at this loe:tl ity was basrd on a rrported orcu 1Tence cf ga~ 
in." diamond-drill hole put clown >1bo11L 1890 l>,v the Canndian PacifiG ra il\\'ay. The prcsrnt 
drill holr is located nea r f'l ic soul hrast corner of ~cc. 15, tp. 12, \\ '. 7th mer., :tnd is about 
10 feet from where t he old ho le is supposed to have been. T he well was d r illed 1,2.'i-l 
feet 1rith :t small keystone d ri lling rig. Hnrn ll fl ows of gas nrc sa id to have bPc'n s t ruck a t 
193 feet and at 262 feet . Xo oil was found . Fresh wat.rr issues in a small st ream from t he 
top of the casing, a part of \1·h ich rcmnins in t he hole , and bubbles of g:ts rise through t he 
water. 

T he Hp:t rtan O il Company, of wh ieh :\ Ir . H. \\ '. i\ I ill er is manager, was orga ni zed in 
1918 with a capi talixatio n of $500,000 an d Loo k up o il rights over 260 ac res co mprised in 
lots 120 :incl 13 l in the muni cipality of \ ':rncouvcr, 3 miles cast of the bo undary of the 
city. H opes of obtaini ng o il were b:tsccl l:wgcl_v on a supposed o il spri ng or seepage near 
the company's holdings. T he occ·u1Tcncc is described elsewhere. On the advice of :\Ir . \\ 'm. 
Jewell , a geo logist who examined t he area in 1918, a test hole was put clown 2,000 frPL. 
l L is staled t hat o il and gn.s wcrP Pnco unlC'l'Pd at di fferent le ve ls 'tnd at l ,6G\l feet a S/lllCI 

was eneounLcred Lhat Lhe com p:tny's geologist believed wou ld prove comrnerciall.v pro­
ductive. I fc recommcnclecl that n 1\·ell be d rilled to 3,000 feet, or lrsscr depth if oi l wprc 
met in sa t isfacLo ry quantity. \\' <' II Xo. 2 was put down :tnd rearhrd a clcpLh of 2,87.5 feet 
early in 1922. Drilli ng operations were then d iscontinurd. The caving of soft cl:1y shales, 
especially in t he lower part of the well , ca used co nsidernblc d ifficulty. Th<' elevatio n of 
we ll Xo. l is 131 feet and of wr ll Xo. 2, 216 feet above sc:1-lcvcl. . 

The Boundary Oil Company, Limitrd , of 1Yhich i\Ir. H. A. Thompson is managing 
directo r, was organizpcl in 1918 with a capitalixntion of $;)00,000, increasrd lo Sl ,000,000 
in l 920. The com p:rn,v holds leasrs on th e t ida l flats at l3ounda ry bay, 16 miles south by 
east of \' :rncouvcr . Dr ill ing bcg:111 in 191\l, fou r tes t holes being put clow n to about :350 
feet. A new dr ill ing pla nt was pu rclrnscd and well Xo. 2 1rns dri lled to 2 ,-l73 fcrt whrn 
t he too ls wcr<' lost and a ll efforts to rrcoYc r them fai led. Xo. 3 11·cll (See :\ f:tp 1965) ll'a s 
sta rted on Apr il 6, 1921, and on June 3 wa' down 2,300 fret. . B P low 2,300 feet 
considerable difficulty was caused by sand parll.v fi ll ing t he casing. T he sand npp:irenlly 
came from some point above t he c'nd of t he 10-inch casing, but may have eome, in part , 
from beds lower cloll'n. T he boring reached a depth of .Jc, 112 fcpt in :\larch 
1922 . lhe bottom 3.50 feet of which contains pc1 forntrd button ~crcen casing 
set opposite s ix sand horiwns. An nttPntpt to Lest the \\'ell b~- hai li ng was then made. 
Considerable dilfi cully \\·as ex perienced in loll'e ring thr ll'ater in the 1\·r ll , but it was fin :t ll v 
bailed to a depth of 3,600 feet whC'n thr ca, ing collapsed. The casing \Yas reinfo rced ll' it h 
cement, t he bridged-over part wa s d rilled th rough, and ha iling resumed. The test showed 
no comml'rcial qua nlitirs of gas or oil. 11 is proposed by the company lo put clown a 
diamond-drill hole in Llw bottom of the bo ring to determine definitely the ch:irncter of the 
lower stral't. The ll'Cll 1rns dri ll ed b,· :\ fr. ('. E. :\I ilburn. I l is stated th,1t during the 
dr ill ing t housands of ba rrr ls of w:ttc r ;\'C l'<' absorbed b~r the sands, some of \1·hich wpre dry 
and co ntained gas, whereas ol hC'rs \l'< ·re watC'I' sat urnlPd . lt was impossible to te ll beca use 
of the effect of thr heavy mud flui d used in dri lli ng, j u~L what sa nds were dry and ll'haL were 
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water bearing. \Yater which \ntS so mewhat, saline was st ruck at :ihout 2,200 feet and 
possibl.v aga in at a lower level, but mo~t of the water was fresh or nearly so. ~mall now~ 
of gas were a lso Ftruck at several hori w ns. Colours of oi l are said to have been observed 
in the bai lings a nd in the waste ,,·ater from various depths, a nd sa mples of sandstonr and 
shale frnm nea r the bottom of th e well showed , when t rea ted ,,·ith ch loroform , ~ome light ­
colo urrd, oily materia l. This may be petroleum 01· an oi l dr ri ved from foss il resin, the 
quantity obtain ed being not sufficien t for determination. 1-lamplcs of rn :tlcri a l from the 
well cutti ngs, which were reported to be g ilso nit,e or solidified petroleum, ,,·ere found on 
examinat ion to be lignite. 

The Empi re' Oil and Natu ral Cas Comp:rny, o f which :\Ir. H.. IT. \\ ' right is manag;rr 
a nd ;\[r. Hoy \\ 'idne)', driller, has bee n engaged s ince Hll 8 in s inki ng a well in sec. 27, 
t p. 10, range ·J, \\ '. 7t h mer. The well i · a bout one-quarter mile so uth of the Y a le road 
a nd abo ut one mi le east of the eastern border of i\Iap 1965. The e levat ion is about 325 
feet above t hr sea. , \ standard drilling rig is used. The first hole ,,·as put down 350 feet 
without reach in g bedrock, and was t hen ab,rndoned ow ing to bouldrrs in the drift. _\ 
second ho le re:iched 1-10 feet a nd was a lso abandoned. A t hird hole was hrgun Xovember 
'27, 1918, and in D ecem ber, HJ22, had reached a depth of 3,980 feet. . A test 
of t he hole by ba iling, at about :3 ,600 feel , showed sma ll qua ntities of high I.'· saline water, 
lrn t no comm ercia l q uant ities of o il o r gas. The bailings from t he well in ma ny cases 
showed a bro\\·nish scum of froth , a ppa rcnll )· an emuls ion fo rmed b>· t he \\'ater, a nd finclv 
divided carbonaceo us a nd r esinous materi:tl derived from the cut t ings. ~evcra l sma ll 
setuns or lenses of li !!;ni te \\·ere passed t hrough, and so me of t he lignite contains cons idrrable 
quantities of foss il res in. Th e res in ous mate ri a l \l'hrn t reated \\'ith chloroform g ives a 
co loll!' somewhat, resembling that of prt ro lcu m. _\ sample of mate ri al brought up Ii>· the 
ba iler fro m about 3,600 feet was obta ined by skimming; t he su rf;ice of t hr slud g;C'. The 
samp le was examined by R. T. Elwort hy, chemist of t he i\Iin es Br:rnch, D cpai't rn cn t of 
:\ lin es, who reports that: 

" The mate ria l was treated \l'ith t he following solvents . with t hr res ul ts noted: 
(1 ) ch loroform. The substance \l' llS thoroughly shaken \l'ith ch loroforrn in a srpa rator y 
funn el. .\frr r standing, the ch loroform \\'as run off a nd carefully evapor;tted on t he 
\\'ate r bath. _\ da rk brown, st icky residue rcnrni ncd, which had the dist incti\'e smrll of a 
bi tumen . Jt \\'as readi ly soluble in ether ttnd carbo n bisul ph ide. l'etrolrum \\'ou ld he 
w ry difTcre nt from t he st icky rcsid ur obtainrd . (2 ) Et her. EthC'I' had lit t;lr so lve nt 
action on the material. (3 ) Carbon bisulphide. shaken \l'ith the malrri al, C'Xl!':tl''ed a 
dark bro\l' n substa nce s imil a r to th at obtain rd \l'ith chloroform. The 111 alPr ia l \l' hrn 
heat Pd :tt. first darkenrd a nd fumed slightly, bu t \\'it h no noticeable ~nwl l of 1ninpr:1 l oil. 
On further hc:tting to dull redness it bccarn e greyish. Ch lorofor m extrnctC'd nf1thing from 
the heatrd 111 atcr ia l. L" mJp1· the 111i croscope t he clay suspen;io n \\'as scrn to be 
impregnated \\'it lt small, yellow particlt•s which close!.'· resemble ground-up foss il rrsin. 
The C'la.v re,.; iduc, afte r rxtrnction \l'ith chloroform , st ill conta inrd s in1ilar yPllowish 
mate ri al, hut to a s rna ll cr degree. Thcsr C'x pcriment s confirm :\Ir. J ohnston's IJl'li cf th at 
t he so lubl e 111 :1lC'rial is rn ost p robably deri ved from bilu1r inous s lrnle. Th e s:unple \\'as 
too ~m : tll fo r ma ny observat ions to be 111 adc." 

_\.d epth of .+ ,200 frrt ,,·as reaC'hrcl in Jun r, 19:23 Colours of oi l showl'd in 
the bailinp;s fro m -~ 1 200 feet and nre said to havr hC'l'n obt:ti 1wd at ~evernl hori~on s in t he 
marine sr ries of rocks belO\\' 3,:'i-10 feel, but no co mmercial qw tn t ilies of oil have been 
obtained. Drilling is being cont in ued in an at tempt to thoroughly test the rocks at a 
greater cl (•pth. 

Oil and Gas P ossiliililies 
C:as springs ocrll!' in the R ece nt drlta of the Fraser at Stevcston, at B oundary lmy , 

on the north arm of t he Frase r nea r t he l' nt ranee. a nd tct other places. Thl'y abo occur 
a long Htill creek near t he head of Burnaby l:tkc, at Pit t meado \\'8 nea1· Pi tt l:tkr, and at 
various plares in the low S\\'amp ground :dong t he Fr:i.ser and tributary stl'Can1s. They 
a rc probably :111 or nea l'i y a ll springs o f S\\'amp gas. The a bund a nce a nd volum e of t he 
springs :tL Hteveston- on acco un t of \\'h ic·h t he first boring in search of oi l or gas \\':tS made 
at this loca lity- may possib ly ind iratr t hat thr gas comes in par t from the bedroc k, bu t t he 
gre:it t hickn ess of t he R ecent depos it s- in \\'hi t h it is hopeless to look fo r co 1rn11(' rcia l sup­
plies of gas because t hev have 11 0 favo urnbk structure- seems to show t hat this is not the 
case . _\. sample of the gas from Ntcvrston was :rna lyscd by :\Ir. I•' . C. Phillips1 in 189-±, 
,,·ho fou nd it consisted of: ni trogen, G· :30 per cen t; carbon d ioxide, 0 · 1-l per cent; a nd 

' . \111 . C'liem. Jour., rnl. 16, p. ·!06 (189~ ) . 
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paraffins (chiefl y methane, with traces of the higher hydrocarbons of the series), 93 · 56 
per cen1'. The gas, ll'ha tcvcr i ts source, is a dry gas tmd, t herefo re, is probably not a 
pet ro leum gas. A gas spri ng in Sti ll creek near t he Douglas R oad bridge is said to bring 
up, at times, smal l g lobu les of o il a long with t he gns bubbles . lt is doubtfu l, however, 
whether the oil comes from t he bedrock, ns there is prol mbl,· a co nsiderable t hickness of 
s ur face deposits at t his point. Jt, is poss ible, a lso, Lhnt the oi l ma.v lrnvc been lost durin g 
lumbering, or ot her opcrnt ions, a nd become included in t he mud in t he bottom of t he 
creek. \\ 'ct mud or cby has a rr m:irkable affinity for oi l a nd ll'ill rctai n oil fo r long periods 
unless it is d i ~ turbcd , or ll'atcr is made to circula te th rough it freely. :\o gas springs coming 
from lhc so lid roc k arc kno11·n to occur in l hc a rea, though such springs would be difficult 
to detect and may occ ur. 

C:n s fl o11·s have been struck in fcvc ral of t he wells drilled in t he a rc:i. The gas is 
derived part l:v from t he uncon solidated sm facc deposits and pa rt ly from the bedrock. 
Probably a ll or nea rly all from the smfa('e dcpos ils is swamp gas. A sample from a con ­
s iderable depth in t he Bounda ry Uay ll'Cll was a nalysed b:-· C:. S. E ldridge a nd Company 
of \' ancouvcr :tnd was found to consist mainl.v of mct lrnnc with on ly a trnrc of ct hane. 
The gas, the refore, is probably not associated wi th petroleum. Gas t hat is high in ni trogen 
\\'as struck in t he Pi tt :\[cadoll's well a nd in t he Por t H aney we ll. The gas from t he Pit t 
l\Icaclows ll'c ll yielded about 90 per re nt of nitrogen with 0 ·5 per cent of ox,Ygcn a nd 0· 5 
]JCr ce nt of carbon di oxi de. The helium content 11·as fo und to be 0·003 per ccnt. 1 An 
a na lysis of t, hc g:is from tile P ort H a ney well, by c:. S. E ldridge and Com pany, showed: 
oxygen, 7 · 5 per cent; carbon dioxide, l · 2 per ce nt ; olefines, 0 ·15 per ce nt; parnflins , 
22·5 per cent; nitrogen , 68·3 per cent. The helium ('Ontcnl was only 0·013 per ecnt. 2 

\\ 'ate r flows from both ll'clls a nd t he gas bubbles up through t he ll'ater. TJ1 e samples of 
gas were obtained by immersin g a funn el in the ll'atcr a nd rill ing a bottle bv displarc rn ent 
of the ll':ll,er from it. The gas from the Pi tt i\ fcaclows well- which is al lll ost entirely 
JJitrogcn- is probahl:· deri ved from the dissolved air of the rain :tnd sno11· 11·atcr whi ch 
s upplies t he flow of ll'ater from the ll'c ll. " The oxvgen of thi s dissolved air , du ring the 
und ergrou nd passage of the ll'atc r, is u~cd 11p in chemi cal processes s 11 r h as the ox idation 
of iron P.\'J'ites and of orga ni c ni :tttcr with 11·h ir h it CO lll e~ in C'Onttwt. J\"itrngcn being 
chemi cally in aC' Live passes on unnJTcctcd, and t hus becomes rclat ivcl:' more ronrcntrntcd 
in t he gases ll'hich fin a lly emerge." Thi s thcor.v of the so11ree of the nitrogen springs in 
Banff a rea, British Colu1 11hia, has been put fo rwa rd by R. T . Elworlhy,3 and is appli (':di lc 
in t he present case. The head which c:t 11scs t he flow water from the wells is evidently 
d erived from t he high mount:iinous area in tho wells, an d t he roc ks arc well jointed, so 
t hat the surface waters cont aini np; di~so l vecl a ir arc pro bably canicd down to (•o nsidcrttbJc 
dept hs. The gas from the l'ort 1 fancy well is apparen tly n rni xtn rc of dr.v 1rnturnl gas a nd 
nitrogen. The n:tturnJ gas is prob:ibl y de ri ved from t hin coal scams in the rock, and t he 
n itrogen in t he manner a lready desc ril >cd. The gas docs not indicate t lw p1·csc11ce of oil 
in the rocks, fo r it is dry gas. Th e nitrogen is of no value fo r t he manufac t m e of nitrates, 
fo r the flows a rc sma ll , and it is improbahlP that reservoirs cou ld he formed in t he rocks. 
At depth the gas is disso lved in t he ll'atcr a nd it appears at t he sur face as gas bubbles 
wJ1 en Lhc pressure is l'Cllloved. :\it.rogcn is detr im enta l to natural gas as an illumin a nt or 
as fuel, fo r it dilutes t he hyd rocarbo n content a nd Joll'crs the calori fic v:d U('. The general 
q uestion of the oc·c u1Tcnc·p in commercia l quanti tiPs of n:Jt 11 rn l gas- whi ch depends on the 
st rnct lll'C of t he rocks of t he a rea- is clcs('r ihcd under "strnct ure' '. 

Oil see pages a rc reported lo occm at several po in ts in the a rea . The first definitely 
reported and thC' only one said to come from bed rock is that a lready rcl'cncd to. in t he 
woods of no rt h \' ancouvc r. The correc t location is probabl y i11 t he bed of a small creek 
on district lo t 815, in 11·cst \'ancouvcr. A search for l hc srcpagP, in 1920, ho11·evcr, fa iled. 
There :1rc several p laces in t his general neighbourhood where oi l occ 11rs on the sur face 
waters, bu t it ev idently comes from t he greasing of skids in h1mbcring operat ions. T he 
basal sandsto ne a nd conglomerate of the T erti:uy ~c ri es outcrnp in places 1war the su pposed 
locat ion of t he seepage a nd if :1 see page occu rs it probably comes from tbcsC' rocks. In 
191-! the west \' a ncouvcr l follyburn Oil Company ll'as organ ized to d rill at this local ity, 
but no dri lling 1rns clo ne. 

The best known a nd most important of t he supposed sPcpagcs is known as the Burnaby, 
nnd is localed in a peat bog j u ~ t so 11 th of the C: rcat ~orthcrn rnilll' ay abo 11t 2,000 fC'c t 11·cst 
of Sperl ing avenue (P ole-li ne ro:td), near the 11·est encl of Burnaby la ke. lt is tmicl to have 

~ ).rc_:J ,C'nnan. J. C'.: '; H e1lo rt on :;;.:ornc Rourcc.-i of ·1 relium in th e Br i lish Empire''; ).1 ine,; Hrnn<'li. Dept. of .\1 incs, 
Canada, Bull. 1'o. 31, p. 15 ( l!l20 L 

' ] bid., p . 15. 
3 '·~ ti ncr:d Springs of Canada," 1f ines Bran ch, Dept. of .\I in c:-:, Canada, Bull. Xo. 20, pl. H , p. 14 3 ( HJ18) . 
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been discovered in 1917 by Thomas H a nn a h, who fell through a hole in the peat a nd 
found that his legs were covered with crude o il. It is also stated that t he occurrence 
was kn01rn fo r several years previo us to Hll 7, but t his seems to be in doubt. Large 
qua nti ties of oil have been ob tai ned fro m t he loca li t y a nd oi l could s till be seen on the 
surface of t he water in 1922. A sma ll st rea m of water flows into the bog nea r where the 
oil occu rs, but the wate r in t he bog is nearly stagn >tnt except a fter heavy rain. ~evern l 
square yards of t he surface peat a rc saturated with t he o il, which oozes from t he peat in 
peri ods of high ll'atcr :rnd appears on t he sur!'ace of t he 11·a tcr in poo ls beneath and 
bet 11·ce n the stumps of large t rees tha t have been k illed by tires or removed in 
lurnbcrinl! operations. Tt is agai n a bsorbed by the peat \\'hen the water fa ll <:. 
The peat has a maximum dep t h of 27 feet and is underl a in by silty clay in te rbedded wit h 
thin , peaty layers. The depth of t he peat decreases rapidly towards t he north , the bog 
exlending only a bout 100 feet in th is direction . The peat- which is in rea li ty only slightly 
a ltered vegetable materi a l-showed no s ign s of oi l except in the upper part, nor did the 
und erlying s ilty beds. No a ppreciable quanti t ies of gas occu r. ln the spring of 1922 
borings were made, pits were sunk, a nd a pump was in sta lled, under t he direct ion of i\Ir . 
C. E stl in , to obtain t he oil and determine whet her a true see pn.ge existed. Mr . E stlin 
states t hat l 0 brLn els of oi l were recovered . The oil came with t he water and ceased 
when t he wa,ter was pumped out. Ch anne l ~ in the peat, one foot or even more in di a meter , 
were found. The oil occurred chieAy in the channels and on the under s ide of logs in t he 
peat. No o il \\'as found in the clay un clc> r the peat. 

A sample of the o il frnm t he Burna by pe,Lt bog, collec ted by the writer in 1920, was 
analysed by ;\fr . P. "\'. llosewarne, chemi st of t he l\Iines Branch, D epar tme nt of l\Iines, 
wh o reports on it as fo llows : 

Specific grav ity at 15·6° C. (60° F. ) = 0·074 

D istillat io n tc.,t-
\\'ate r di ot illa te, 6 per cent at 100° C . 
Oil di:;tillate (o t rnigh t run ) 

lot drop a t 27o0 C'. 
fJ per tent aL 30!)0 r; _ 

10 " H 322° C . 
20 " 3-1l0 

('. 

30 '· 355° C. 

Cracking began at 388° C. 
\\ 'a ter di stil late o b1:lined. 
Oil , stra ight ru n dist illa te. 
Oil , after t rack inµ; h ad begun. 
Hcoidue. 
Loss. 

-10 pe r cent at 370° C. 
.50 " " :380° C. 
60 " 386° C. 
62 " 388° C. 

6 ·O per cent 
62·0 " 
19·0 
10·5 
2·5 

T ota l bitu111en in res idue, so luble in carbon bisulphicl e. 
P araffin base in residue .. 

100 ·0 
11 ·0 
4·5 
7 ·-! Aspl1alt lx 1se in res idue. 

r.:11sat11rated hydrocarbons 
lG ,. ,., sa mple of crude o il was shaken up with sulphuri c ac id (sp. g r. I ·8-1 ) and repeatedly 

cooled in ice water. 
Tl 1e whole mass became t hi ck, black , and Yi scicl. No line of se parat ion could be detec ted, 

even afte r the ca mple had stood for seYeral days 
.Sa7w11ification of crndc oil 

Dupl icate tests showed no " wonifotble mat te r present 
Sumnw ry 

(a ) ll esults which suggest t l1 at o il is a crude o il 
( I ) C'o11 1parati,·e ly \1·ide di :;till alion range 
(2) Ea:;e of c racking 
(:)) HelatiYe ly large res idue on dist illa t ion 
(-1 ) Hoth pa raffin and asphalt bases present 
(.5 ) ::\o saponifiab le mat te r 
(G) , \ si milar o il to above \\"as se nt to this laboratory fo r a nal ys is from t he :;am e locality 

in 1917 
(b ) llcsult s whieh sugges t that oil has been pre v iously re fin ed 

(l ) Nu lf)w boi ling frnct ion 
(2) High spec ifi e g rocvity 
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Co11c/11sio11 
(a ) If sa rnpl <' is an oil not, nali,·c to t h <' lor-al il.v it SC'C'ms likely tli al it is cith<'r r·rudc oil from 

som<' ot il 0r oi l- fi eld or an unfil1C'rcd st.oe k oil from a refinery. 
(b ) The weigh I of c,·idcnr·e SC('l11' in faniur of dcr·laring salllplc to be a crude oil. s ince it must 

he remembC'rC'd tl1 at crude oils ha\·c hC'Pn obtn.irwd wh i(·h <'Ont.:tin no fra ,.·tion h '>ilin~ at a. low 
1C'lllJ)Pratu rc and which ha,·e a h iµJ1 spC'<·ifi <' t.;nL\·ity, but whether the :·n.1nplC' is nati,·c or not to 
1hc lornlity in whir-11 it wa s collcetccl, it is impos-;ihle lo sl:clc frn 1n rc"dls of laboratory tests . 

Th e sour('C of the oil is not definitP l.Y kno1rn. Granting that it is a crude oi l, as seems 
pro\Ja\Jle, it is difficu lt to understand how it can be drrived from the bedrock. .\. t the 
diamo nd -d rill hole of the Hpnrtan Oil C'o mpan y, about 1,000 fcr t no rth of the O('('Urrence 
:i nd about 75 feet hi p;IH' r, thr s urface deposits a rc llO fret th ick and lhry arc probably as 
thick 0 1· l hi ('kr r beneat h the bog. The surfacr drpofits con~ist in part of silt a nd clay 
nnd if t he oil has pnssed throup;h t h is material, as it must havr donr if it comes from the 
bedrock, it would probably br filtered nncl npprar at , the su rface as a lip;ht-colomC'd oi l, 
or would fo rm an emuls ion with the 11·a (Pr a nd c lay a nd appear :1[ th<' sur face as impure 
asp halt, and not as a hC'av,v, d:1 rk o il. lt has been sup;p;cstC'd t hat a fau lt occurs a long 
Bumahy Yallr\' and thnt the oil comps frnm it, hu t t he re is no di rect cvidcn(·p of :t fau lt. 
Jo:vc n ir'a fau lt does orru r it would 11 0(, a ffect the surface deposits. l t, has bcC'n suggested 
that a tnnk ca r of o il was at OllC' tim e lost in a si nk-hole in t he \Jog along t ill' C:rC'at :\o rthC' rn 
ra il w:1.1· a sho rt distance west oft his local it>', hut t his has been dC'niC'd hy railll'ay officials. 
l tis al least not C'vidC' 11 l l hat l hC' oil comes from t llC' hC'rll'Ock and, therefore, the occmrencc 
cannot bl' corrnidC' red as proof t hat till' roC'ks :\IT oil bcarinp;. 

1\11 oi l seC' pap;c l\''1S rrportC'd lo OCl'lll' on the p rope rt>' of :\fr . l'. \\·. Thomns, on Imperial 
st rePi, in Point (: r<'>. 11 Hmicipa lit>·· . \ stronp; odom of gaso li ne', and som<' oi l, Wf'I'<' noted 
by :\fr. Thomas in dip;ginp; a drnin tlwre. _\ small, unclrnincd drp n'ss ion occu rs in the 
su rface depos it s nnd t hr oi l may at one t ime' have hl'rn lost and rcmairl('d on the surf,tcc 
of till' g rou ndwa ter until bro up;ht to t.ll(' sml'ac·c' by t he rise oft he p;roun dll'nlC'r during an 
except ional!>· wet SC'nson. Oil, if s pi!IC'd, will s ink in to thr p;ro und and remain on t he 
surface of t!l(' p; rou ndll': tle r for long prriods un lC'ss the ground has suffic irnl s lope to cause 
the gro un dwater to fl ow. T!l(' ~ urfacc depos its arc of cons ide rabl r t hickrwss at t he' local ii:>' • 
so t hat it is not C'v id cnt l hat the oil com<'s from l ]1(' bedroc k . The reported occ 111TC'nces of 
oil in 1rnlC'r wC'lls in thr snrfarC' dPposils al srveral places in the a rea a rr probabl.v due to 
o il t hat hns bC'en lost :rnd is sloll'ly moving down s lopC'S on the sur face of t he gro undwatC'r. 

Hand o r o:rn dslo 11 c impregnated with fir pi tc h has been noted :it scvernl p l:1(·cs in the 
rep;io11 , hut is not nn indication of the presence of 1wtr olcum. Th e material is part ly 
solubl e in ch loroform, lo ll'hich it gives n colour somC'whal r esC' mblinp; t hat of 1wlrolC'um, 
a nd , lhC'reforc, may readily be mistaken fo r it. l t, however , has not th<' odom or general 
appeara nce of petroleum. 

Halt waler is generally met ll'ith in oi l ll'C'lis, but its occmrence in t he rocks docs not 
necessa rily ind icate the prcscnc·c of petroleum . Fresh 1rnlC'r is in many cases cncountcrPd 
nt shall ow ciC' pths in oil wells a nd derp-sC'atcd salt walC' r below the oil, but in so me cases 
t he waters met \1·it h a bove the oil hor iw ns arc even more salty than tl\C' under watcrs. 1 

The und er 11·:1ter is usually a brine a nd may be considrred as l he sea water that rcmnirwd 
in t he sedi ments after t hey were fonnrd.' 111 many places, however, sa lt w;ttrr unaccom­
pan iC'cl by o il has been st ruck in deep we lls . Halt or b rackish waler occu rs in ma ny oft he 
wells in Fraser D cltn arC'tl. The water met with in ma ny of the we lls in t he ~ ur facC' dP pos it s, 
part icu larly in t he N icomekl-HC' rpcnt inc va lley, is brackish. Tlw salt is C'v idcn tly derived 
from the surfaf'c dcpo~ its, which a re in part m a rin e. The sa lt water that flows from I he 
Pi tt M eadows we ll may be derived from these deposits at a cons iderable dept h. A qualita­
t ive analysis of a sample of w;itcr from the Empi re well at a depth of about 3,600 feet was 
made by i\Ir. H,, T. E lworthy of the i\fin es Branch. who states · 

" Th e water had a strong sa line, bitter tas te. I t was faint ly alka line in its reaction 
with methy l orange . The s pecific gravity at 70 degrees l<'. was l · 032. The to tal 
dissolved salin e matter, dried at llO degrees C., nmountcd to 43,590 p:uts in ] ,000,000 
parts by weight of water, which is equiva lent to 3, 1·18 · 9-l grnins per imperial gall on. 
This mineral matter consisted , pr incipa lly, of sodium chloride, toget her with smaller 
quant ities of chlorid es and traces of su lphates of calcium :wd magn esium.'' 

The density of the water i ·greater than that of no rmal sea water, which at GO degrees 
F. is l ·021. l t is apparently a brine . Its chief significance is that it indi cates t hat strata 
of m ar ine origin occur at about this depth, most of t he s trata p assed t hrough above 3,540 

1 Nea l, Tl. 0. : "Petroleum H ydrology Applied lo .'.\lid-Continental Ficld"i Trans. lm;t. .:\I in. Eng., .-ol. 61, 
p.565 (1920) . 

' llogcrs, G. S.: "The Sunscl-)fich rny Oil Field, California"; U.S. Geo!. Sun·., Prof. Paper 117, p. 66 (!Qin). 
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feel being freshwatc l' in origin. lt docs not indi c«te t he prcscncc of petroleum , but on 
the other hand docP not preclud e t he possibility of petroleu m at grcatr l' drpths. ::\ o salt 
wate r \\'US struck in drilli ng the 1-:lparl.an wells, the st rn ta passed t hrough being all frcshw:i.trr 
in origin. The waler fl owing from the diamond-dl'ill hole \rnS a nalysed by C:. N. Eldridge 
and Com pa ny a nd found to conta in only 132 parts a million of tota l solids, which consist 
rnainl .'- of calcium ca l'bonntr, \\'ith small a mou nts of silica, a lum in:t, chlorine, su lphates, 
a nd alka lis. \\ 'atPr that was brackish, if not sa lly , was obtai ned in the Boundary Bay 
wC'll at a depth of about 2,200 feet a nd possibly again near the bottom of t he well. A 
sample of water from about 3,GOO feet conta ined only 226 parts per million of sol ids, con­
s ist ing m ainly of sod ium chlorid e. The sa mple, however , ma~' h:wc been dilutC'd with 
fresh watel' com ing in from a high C' I' level. The salt OI' brackish wa te l' indicates t he prese nce 
of marine horiwn~, hut s ignifies little r egarding t he prC'scncc of petroleum. 

The temperature grnd ient , 1 which is believed b.v some investig:1torn lo be abnormally 
high in oi l-fie ld s, a nd , therefo re, lo i>C' o f some significance, is not definitely known . The 
\rntcr bailed from t he E mpire' wC'll at a depth of 2,G70 feet had a tC'mperature of 81 degrees 
F. T aking t he gro und tempemturc at the surface as -J\) dcgl'ecs (thr mean ann ua l tcmpcr­
at ul'c), t he tcmpcrnturc grndi ent to a depth of 2,670 fcrt is one drg l'ce in cl'ease for each 8.J 
fret in dep th . ,\ ?\egl'etti a nd Z:un br:i ther momete r was le t clown in t he bai ler to :t depth 
of -1,200 feet an d showed :t m ax imum tcmpcrnt ure of only 88 drg l'ers F. The temperntul'e 
gradient is not a lrn orma lly high and is appnrcntl.'- ]CHS in t he lower pal't of the \\·ell than in 
the upper, but sufficient data are not ava ilab le acc urntcly to determine the grad ient. 

The rock outcl'ops, t he earl's of the Hpartan cl iamoncl-clrill hole. and rock samples from 
othr l' 11·clls, indicate that the T ert ia ry sedi mentary rocks of the m:lp-area urn most ly of 
frcshwate l' Ol'igin . They conta in in places th in sea111 s and lenses of ligni te . Geologists 
arc generally :Igl'l'rd t hat petroleum :Lncl nat ural gas must Ol'iginnte from Ol'gan ic life, 
c ith Pr d il'ec tl v or indireetlv. " The fact Lhat no con1mercia l accu inul :1t ion s of e it her a l'c 
found outs ilil; of mal' ine becls, except whcrn t hese acc u111ul at io1rn have clearly co me up from 
ma l' inc heels below, would point to t he sea as the ultimate sou l'cc of thr organisms or rn11· 
materia l from whi ch these hn lrocarhons 11·ere derived. " ' The fact that the strnta under­
lying t he Fraser D elt a map-:1rea arn mostly frcshw:1ler in origin, t hel'dore, indicates t hat 
t hey al'c not likeh- to be oil OI' gas-bearing unles~ tlwy arc underlain by marine heels from 
which the oi l or gas Inay have migrnlrcl . The numerous thin lenses nnd scams of co1ll also 
show t hat t he vegetab le m ate ria l whi ch the !)('el s 01·iginnlly contained was altered to form 
coal and not pctro lr um . P et rolculll as a nile docs not occur in coa l-beal'ing beds, hut rn 
m:iny cases occurs in ma r ine strnta beneat h t hr coal-bearing beds and occasion1tll.'· in 
lignite-bear ing beds; probably in such l:ltter cases because of migration of t he o il." Because 
of lateral vt1riation, a lso, such as might be cxpPctecl in a lluvial and dcltaic beds like those 
of l"mscr D elt 1i l'rg ion, thr same geological horizons may be coal-bearing in t he landwa rd 
p:Lr t a nd petroleum-bearing in t he scawal'd pa rt. There is lit t le drfinitc evidence, howeve r , 
r egarding the r lrnr:ictcr of t he marine phase of t,hc Tcrtial'y deposits in Frn~e r D elta 
reg ion. T he salt water struck in the E mpil'e well at a dep th of about 3,600 feet incli r.a trs 
th :tt t he beds penetrated below that depth a rc proba bly marine. The bed s arc rnosll y 
sha le, which arc probably Tert ia ry in age. Cretaceous beds mny occur in placrs beneath 
the T rl't iary beds, bu t there is no ev idence that they do. The T ertiary rocks arc seen 
in places lo rest on the gran itic rocks of the Coast R a nge batholith . They pro bably have 
a max imum thickness of at least 5,000 feet, so t hat even if Cretacrous rocks do occur t hey 
can h:tl'clly be rcgal'dcd as a n :wailab le source of o il. :\Iol'eover, the C retaceous rocks as 
exposed on the c:1st s ide of Yan couvcr island arc in part co:il-bca ring a nd arn not known 
to be oi l-bea ring. ' 

Oil-shales or rocks of somew hat s imilar character, from which rn ateri:tl l'l'Semblin g 
petroleum can be obta ined by distillation or hy t he use of solvents such as ch lorofo rm or 
ether , have been obtained in sma ll quantities from two of t he \\·el ls. But o il-slrnlrs do not 
indicate the presence of petroleum. They conta in a series of substances, genera lly class ified 
as "kerogen," from \Yhich oil can be d ist illed. Occasionally t hey con tai n some free o il or 
material resembling petroleum which is so luble in ch lorofol'm, hut the soluble matrr ial 
is usually sma ll. "Oil and gas in small quantities lllay be d isseminated t hrough all mari ne 
sha les, a nd m ay be localized occasio nally in sma ll , porous sl l'e:tks und er cond itions where 
no commercia l quant ities cou ld be expected. A sho11· ing of sm all quantities of eit her oil 

i I bid., p . 36. 
' \\' hitc, J. C.: Bull. Gcol. fioc . A m ., vol. 32, Ko. I. p. 183 (1921 ) . 
3Emmons, \V.1 1.: "Gco!ogyof P ctro lcuni "; 1921,p.88. 
4 Clapp, C. lJ.: "Gcolo~y of the 1\anaimo } lap-area"; Gcol. Si11rv. 1 Canada, :'ll cm. 51 (1914 ). 
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or gns in a well is, therefor(', not 11 necessa ry proof of t he ex istence of, or of approac h to, 
an oi l pool." 1 T he small showi ngs of o il foun d in marine sha les in t he lower pa rt of the 
Empire 11·ell, for example, a rc, therdore, on ly "·hat might he expected . 

The ans 11·er to t he rir~t question, whctllC'r or not the rocks of tiH' area nm gns- or oi l­
bcaring, is t hat thC'>' a r0 gas-bearing to so 1110 l'xtcnt, but there is litt le or no definite Pvidcnce 
that they arc oi l-bearing, exe<'PI pos~ i lily to some slight <·xtcnt in tllC' lowrr marine parts 
of t he roek series. T he frcs l11rntcr origin of most of t lH' sedi ments shows that oil is not 
lik0ly to hav(' fo rmed in t he rorks. The reasons why oi l had not been fo rrm'd in the frPsh­
watN drposits may h0, as sugg0stcd by .Johnson :tnd J [untlrv,' that liaetc ria l der:ty of 
o rgan ic material in frpsh water diffC'rs from that \\· hi rh tnk0s place in salt w:1t0 r .. \. eon­
sidcrnhlc pa r t of t he TC'r tia r.1· dPpos il s a lso consists of eontinental, suharri:tl deposits, and 
Rc lrne hcrt has pointed out t hat duri ng the fo rmat ion of such ciC'posits oxidation is so :tl'tivc 
that comn1<'rrial suppli es of pet role u111 l'annot be form0d. " Thp marine phasrs of the rock 
scriPs a rc deeply lrnrird a nd it is not clear from the results of drilling that t hey a rc oil­
bea ring, at lc:tst to any great extent. 

The st rurturc of th(' T ertiary rocks of the northern part of the :trC':t- tl1c only part in 
whic h bedroc k outero ps-is a grnt le monoelinc . The st rata h:we a f:tirl1· uniform dip of 
10 to J.'i dpgrcl's towards t he 'outh, with on l.1· slight var iat ions from this general direction . 
The dip becomes k ss towards the south nnd in t he most so11thrr ly oulerop at 1-'outh \\ .csl­
minstcr is on lv ·I o r 5 degrees. The st n1cturc of t he rocks in the central :rnd so uthrrn parts 
of the area i ~ not known , li 11 l it is unlikp[_,. t hat t,110 sout hward dip eontinurs as far ns the 
ln ternational l3ou11d:1ry, and rocks of s im ila r age :ll'e known lo be fo lded in the adjacent 
staLc of \\" :tshinglon.4 The s trata prnctrntcd in the Boundary Bay 1n'll a rr, for the most 
part, ~·oungcr than the T ert iary beds exposrd in the northern part of thr :ll'ra. lt is 
probable, thr rrfo rc, that a deep dow111rnrp ing of the lmsin has taken plaec and that a grcnt 
thickn ess o[ T erLiary roc ks ex ists in the c·r11t r:1 l and southern part s of t he a rea. Th<' 
existence of folds which might bring the lower T ertiary hrds or older formations within 
reach of t he d rill is prohlcnrnt il':tl. The Tertiary rorks are probably down -faulted against, 
t he Coast llangr bntholithic rocks in t hr eastern part of B11rr:1 rd inlet and small faults 
occur at other places. They nrny lir cxlensi1·cly f:uiltrd in the cent r:tl part of the area. 
D y kes of igneous rocks eut the T eri inry srdimcnt s in t he v ie init y of Ya ncouver, but are 
not k nown lo oc·c ·1 11· in ot her pa rt s of the a rea. 

The monoc lin a l st ru ct urr of the rocks is not necessa rily unfavourable, fo r in sue h a 
st ructure te rraces (places 11·herc the genera l dip is flattened o r reversed ) may occ ur, and 
lensing of t he st rata or scaling of the outcrops by fa ulting o r ccmcnta t ion may produrc 
rcse rvoin> fo r acc umu lat ion of oil or gas . But sueh st ructures :tre usually considl'rcd as 
less fayou r:thlc th:tn dome or antie linal structu res. Thrrc is no cvidr ncc of dome or ant i­
clina l structure in the ma p-area, bu t such struct m es may be co ncea led beneath the d rift 
and a ll uvial depos its The d.vkcs of igneo us rocks in pa rt of the area a re nol nrerssarily 
an unfavo urable featu re, for oil -fie lds are known in ,,·hi ch dykes of igneous rock occur. 
Thr rocks contain ma ny porous sandstone a nd sa nd len ses wh iC'h would form good rpsr rvoir 
rocks and many shale beds 1Yhich might form imprrv ious covers to prcYr nt t he rsrnpe of 
the oil or gas. But the roek rxposurcs a nd the well logs show rlearly Lhat bot h the sand­
stone a nd t he sh:tlr occu r in J cnsc~. Thi s is exact ly wlrnt is lo lie expected from l he fact 
t hey t hry :ire mostly freshwatrr in or igin and a rr mainly alluvial pl ain deposits. A part 
is apparcnll>' marin e and there the individual beds should he t hiekcr and of greater lateral 
extent. But the marine beds arc mostly sha le 11·hich do not form good rrsNvo ir rocks, 
t hat is rol' ks su itab le for eonlaining o il-pools. The lens-like character of t he freshwatpr 
strata and the small rxtcnt of the IC'nses a rc un favo urnhlc fc,tlures; for t he s i'c of the 
possible rrs0 rvoirs is thus res t rictcd a nd because of the di~co nn ccted ch:u-aetc r of t he sanci 
lenses and the pr0scncr of numerous sha lr lenses, opportun ity fo r migration of t he oi l or 
,i,ccumularion of gas in reservoirs would no t be possible to any great extent, even if consider­
able qu:tnlitics of o il o r gas were present in the rock s. The presence of natura l gas in t he 
rocks at. co nside rable depths. a nd und er co nsiderable pressure, as 11·as fo und in Lhc Bound­
ary Bay wrll , might b(' taken :ts ev idence that a favourable structu re fo r gas accumulation 
ex is ts . Bu t th r gas pressure 11·h ich rausrd blow-outs nt t he well ,,·as probably due to 
t he fact that thr gas was under lh l' pressure of the column of wate r :rnd mud in the holr, 
a nd t hat the blow-out was caused by t he sudden relief of pressu re on remova l of the loob 

1 :l.C'iµ;lcr: "Popular Oil Geology," pp. J 14, 115. 
2 "Prin eiples of Oil and Gas Production"; 1916 . p. 2 1. 
:.i ;'Petrolifcrous Province:-;," Discu!-.i:;ion of E. G. Woodruff'.:; Paper; Tr.in,,.;. ~\ m. Jn3t. :\ f in. Eng., Chicago 

Mectinf!,, ll.l l!). 
' l\'a• h., Geo!. Sun-., Bull. No. 13 ( !DIG) . 
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or by t hC' :1 ct ion of the hai ler . Flo\\'S of gas 11·hich con t inued violently fo r short pe ri ods 
have been st ruck in several of t he we lls. But t he lens-like ch:trndcr o f the freshwater 
st rata :1 11d the fine-grained character of t he rnarinP st rata seem to show that there is little 
chance of accumu lations of n aturnl gas in reservoirs of su ffi cient s ize to he of commercial 
importanC'<'. 

The answer Lo the second quest ion, t herefore, whet he r 0 1· not the strncture of Lhe 
rocks is favo urab le for the tu·c·111nul:ttion of oi l or gas in to pools of sufficient s ir,c to he of 
commercitli import:rnrc , is that the general strncturc of t·hc Tertiary rocks ma)· not be 
unfavour:1hle, but their intcrn:d structure is such t hat importan t reservoirs of oi l or gas 
arc not lik0l.1· to orcur. I t is hopeless lo drill for oi l in Lhc igneous rocks of the Coast 
llange batholith; they arc noL :t possible sou rce of oil and :1 rc not suffiricn Lly pornus to 
:tC't as rese rvoi r rocks. It is noL defin ilc l:v known \\'IH't her older sedimentary rocks undPr lie 
the Teri iary rocks in places in the area, but even if lh<'y do Lhc.v arc prnbably be:vond tbe 
rmch of the drill. It must be condudC'd, t herd ore , that the prospects of obtaini ng com­
mercial supplies of o il o r gas in 1'rnser D elta area arc not ve ry bright. 

APPE::\DIX 

L 1'st of ffells D rilled in J!aniloba, 8askalchewan, Alber/a, Xorlh lrest 
T erritories, and JJrilish Columbia 

This list, except the part relat in g to British Columbia, has been pre­
pared from information supplied by t he .l\ orth \rest Territories and 
Yukon Branch, Department of Lhe ln Lerior. 
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