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Map 45-2~A --Ge ological map of Part of Macken zie River Va lley. N.W.T. 

Figure lA. 

l B. 
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Index map of we stern part of Northwest Territori es, showing 
Mackenzie River basin , 

Uap of Norman Wells and vi cinity. 
Structur e- section a cro Bs Hoosier Rid ge anticline . 



RECENT EXPLORATORY DEEP 1r'ELL DR I LLING 

I N !ii'ACKENZIE RIVER VALLEY, NORTHWEST TERRI TORIES 

IN TROD UC TION 

Early in 1943 the writer wa~ assigned to a.et as Liaison 
Off icer between the Dep:i.r'Wment of Mines and Resources and -the United 
States A:rmy on the Ca.nol Project, and a.s ?upervisory petroleum engi neer 
f or the Department on the same project a nd sin ce the termination of 
that pro ject in May 1945 . 

The f ollowing account is based on observations by the writer 
in the fi e l d , and. i s concerned with conditions encountered and results 
ob t ained i n a pro gram of wi l dcat drilling in the Norina.n Wells re gion, 
commencing l ate in 1942 and continuing into September 1~45 . The_ 
exploratory or wildcat wells, seventeen in all, are scattered along 
Macken zi e Ri ver Valley , on e i ther side of the proven Norman Wells oil 
f i e l d1 , from near Fort ~orm.a.n on the south to Sans Sault Rapids on the 

f tewart, J .S .: "Petroleum Fossibi li ties of MacKenzie River Valley, 
Nor t hwes t Territories"; Trans . Can. Ins t . Min . and Met., vol. 
XLVII , PP • 152-171 (1 944). 

north , a d istanc e of about 12 5 miie s. 

The writer wishes to express ·.-hi s. a.ppr.ec-iation of t he generous 
assistanc e given. by off icia ls of Imperial 011 Limited and the United 
States Army , the f ormer pr oviding free acce ss t o all Company files and 
reports . 

The exploratory "l're lls drilled in search. f or pe troleum in the 
Mackende River r egion ar e the result of the success that att ended the 
dev e lopment of the Norman wells oil fi e ld and -the pr os ecuti on ·or the 
Ca nal Froj ect by the United Eta t ·es Government·. · 

The Norman V\ e lls oil field - is located· on Ma ckenzi e River . 
a bout 85 to 90 miles south of the Aretic Circle and a.bout 50 mil e s 
downstr eam f rom Fort Norman a t the mouth of Gr eat Bear River (See 
Figur e lA). The Discovery Well· v.ra.s drilled in' 1920, but the limited 
mar ket tor petrol eum products in that r egion and· its gr eat distance 
f rom outside mar kets made further development unnecEJssary. 

In 1942 the Japa nes e threat to Alaska,' 1•Q.th the possibility 
of interruption of tanker shi pments of vita l petroleum products ~ caused 
t he United States Government to enter into an a.gr eenent with the ' 
Goverrun6nt of Ca w=1.da. , which r e sulted in the Cano1 Project. This project 
h~d ~for its obj ects: ( 1 ) the development of' the Norman We lls oil fie'ld 
by drilling well:s sufficient to guarante e d e'livery of 3,000 barrels · 
of oruoe oil a day i n exc e ss of loca l r equirements; (2) t he building of 
f:l. pipe line from Norman We lls to 1~!hi tehors e , Yukon, a distanc e of some 
600 miles, to t~ansport the oil; and (3) the co•struction of a refinery 
at Whitehors e to pr oc e ss the crude oil from Norman Wells field• 
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The success that att ended the early efforts t o extend the 
oil f i e ld caused the United States authorities to raise the produ c t ion 
ob jec t ive from t he origi nal 3 , 000 barrels ·-fo 20,000· barrels a day , and 
to engage in a pro gr am of exp loratory drilling and geolo gica l exploration 
to f i nd other oil fie lds. After drill.ing ,four wildcat well s without 
f a vourab l e r esult, the UnitPd Sta t es Government confined their furthe r 
drillin e_: effort s t o the proven oil field at Norman Wells . 

New re guJa t ions governin g oil and gasw were i ssued by the .. 
Gove r nment of Canada on June 30 , 1 944 • . Thes e r emoved the existing 
restrictions on pr ospe c ting f or p etroleum in the Nor thwest Territori e s, 
and made it possible for any company to obtain prospecting permits on a 
maximum a.reg, of 3 , 200 squar e miles wi th exclusive ri ght to l ease . The 
pro Gpe c ting per mit s are issued for a period of 3 years with the possible 
extension for 3 mor e years, i f condit ions have be en fulf ille~. However, 
aft e,r e9.ch 18- month or yearly per iod the obli ge. tions b ecome he:avier a nd 
mor e E.ixpensive . Befor e , or by the end of , the life of the permit, l ea ses 
must be obtained , if the p.ermi tte~ wishes t o. r etain- any of .the -.per mi t 
area . Leases ca rry still heavier. obli ga-t ions than. permi ts , and the maximum 
are1t that may be l ea sed by one company is 35() , 000 a cr-e s, . or abou t 547 
squar e mile s . Under these new r egu lations I mperial Oil Limited t ook up on 
the ir own account the maximum permit a rea. The company then began a - · 
pro gr .am of geolo gi ca l and geophysica l explorat ion a·nd the .dri ll.ing of 
wild~ s..t wells , and have cont i nue.d their eff orts u·p t o the t ime of writing . 
The fo llowi ng i s a. tabul ated summary of the exploratory d.rill.i ng in 
terri t ory outside the pr oven Norman We lls oil field s i n c e the Ca.nol Project 
started in 1 942: 

Completed ·· 
De si gnation of We ll Date of Comp l e tion Depth " . ·Result 

Hoos i e r Ridge No . 1 Apr il 16 , 1 943 2 , 656 fee t Abandoned dry hole 
Hoosier Ridge No. 2 August . 91 1 943 2,718 f eet Abandoned dry ho l e 
Bluefi~h Cre ek.No. lA October 1 2 , l 943 · 3, 53 9· feet Abandoned dry hole 
Mac No. 1 November 6, 194 :3 3,146 feet Abandoned dry hol e 
Ma c No . 2 August 23 , 1 944 2 , 958 feet Abandoned dry hole 
Ray No. 1 Sept ember 8 1 1 944 3,. 817 feet Abandoned dry ho l e 
Morrow Cr eek November 10, 1 944 2p024 feet Abandoned dry ho l e 
Seepage Lake January 11, 1 94 5 l ; 636 · feet Abandoned dry hole 
Loonex N'mrch 8, 1 945 4,564 feet Abandoned dr y hole 
Loon Cr eek No. 1 March 30 , 1 945 5 , 452 feet Abandoned dr y ho l e 
Ver milion Rid ge No. 1 Apr il 3, 1945 5,972 feet Aband oned dry hole 
Ra i der Island Ma.y 4, 1945 2:1 90 feet Abandoned dry hol e 
Sans Sault June 28, 1945 3 , 291 feet Abandoned dr y hol e 
Loon CreE>k ·No. 2 June 30, 1 945 5,093 fee t Abandoned dry hole 
Canyon No. 1 July 24, 1945 2,066 feet .A,ba.ndoned dry hole 
Judile No . 1 September 2, 1945 2, 815 feet Abandoned dry hole 
Ca ny on lie ~ 2 Sept ember 8 , 1 94 5 805 feet Abandoned dry 

• T BLE OF FORMAT IONS 

The follo¥.1.ng is the table of formations, a.s established by 
geolo gists of Imper i a l Oi l Limited, with the names in common use for the 
var i ous str ati gr aphic units. It is a. nec essar y prel imina ry fo r an 
unde r standing of the var ious rock types and forITl'.3.tions that may be 
encountered by the dr ill. 

hole 



Age 

Pl e is t ocen.e 
and Rec:ent 

Tertiary 

Upper 
Cretaceous 

Lower 
Cr et a ceous . 

Upper 
Devoni a n 

Format ion 
or group 

Und1f fere n­
t fa t ed 

Ea.st Fork 

Li tt l e Bear 

Character of' Strata 

Unconsolidated sands, g~~vels, 

clays , etc. , ........•..• , •• • 

Conglome!"ate, sands t one, 
·sha le, and ligni t e ...... , ••• 

Gr ey ma.rine shale, with a 
li t tle sandstone ; shale, 
well bedded a nd pla stic ••••• 

Conglomerate, sandstbne, 
sha l e , a nd lignite •••• , , •••• 

Sl ater River Bla ck f~8S.tle shale, with iron­
-- -· ·stone. concretions; a lso t hin 

Sans Sault 

Imperial 

· b~nds of bentonite •••••••••• 

Marine grey sha.les and sand-
.stones • e •• •• .•• , ••••••••.• t· •• .-

Ma inly sandstone and shale, 
with a little limest one ••••• 

.. 
For t Creek · · ··· ·· lJpper shale member contains 

loca l lens e s of san~ston~ 

Thickness1 

(Feet) 

extremely 
variable 

850 

700 

l,000 

3,800 

1,200 

and 1ime ston·e ••••••••• . ~..... 700 

-- - Fort Cr e€k · 

Middle 
Devonian 

Silurian or 
Devonian 

Silur ian 

Cambrian 

1 

Fort· Cr eek 

Fort Creek 

Ramparts 

Bear Rock 

Ronning .. 

. Ma <? d OU ga. l 

BitUmihous shale . member •••••• 

Reef limestone ·memb er ••• · ~ ••••. 

L,ower ·shale : • ................. · •• 

Beavertail buff lime stone ; ) 
·· upper· member 

Rampa·:r·t-s. ·limes tone and 
···· shale ; middle memb'el' 

Ha. r .e Indian 'River gr eeni sh 
she.l e ; lower ·member 

Dolomitic lim·estone , w:lth 
some gypsum; char acter i zed 
by a brecc-ia composed of ' 
l a r ge angular blocks o·r 

) 
) 
) 
) 
) 

: dolbmi t ic lime storie ••••••••• 

Hard, dense, eherty dolomitic 
lime l3, tone • '•· ••••. ~ •.•.••••••• 

Gypsum and sait overla in by 
sha l e and limestone char- · 
a cterized by r eddi sh nolour • 

100 to 400 

Up to 450 

i4-0 (na~imum) 

2, 000 

400 

1,500 

500. to 2,?80 

I n Eeneral the thic~ne uss give:n a r ·e the J"'l9.Jr i :rna. t hl:\t ~ou ld he meA..sured 
wi t h any degr ee of accura cy . 



Cambrian 
or ear.lie·!' 

1 
Mac dou ga l 

I 
I 
i Kathertne 

·- ----· --- . -~4.:-_ ·····--- .... ·- -·-- --····· 
···· ' ··-- ···· -·- - ---· ··· --····· ... . .. . 

She:le and sandstone with 

so~e lirtie _~_tone. ~~~ . ~psum •• 

Hard . qua:rt.zi t ic sandstone 
with in~erbedde~ ~ha les ; 
sand stones are Whi te to 
:pink; nhales are black , 

· grfeenish and ma roon t o red• 

680 

450 + 

The f •oregoing table deals with the s equence of strata tha.t 
outcrop in Ma cken zie River Va lley b etween Fort Norman at the south and 
Fort Good Hope ~t the north. Within that distance the l ater a l variation 
of each forma.t~on both as to c haraqter and thickness i s considerable. 

I 
I 

DESCRIPTION OF ·FORMATIONS 

CAMBRIAN · 

i 
Stra~a of Cambrian or earlier 

Mounta i ns , ·ra.nd :probably the. rnDS.t. easi ly-
1\facd ou ga l Rive~ (Dodo Canyon). 

age are iexposed in Ma ckenzie 
accessi~le secti on is along 

' 

Katherine Group 
I , • 

The tatherine group is we ll exposed in the cr est of an anticline 
that ie cu't byl°J.f.ac douga l Cany.on. The strata. cor,tsist of quartzitic 
sandstone s with l esser amounts of interb edded sha l e . The sandstones or 

' auar t zites arejchara.c.t.erized by light colour s vr;.rying from white to pink 
a.nd buff. Many of the sha l es are dar k gr ey , but near the top of the group 
they are maroofi a.nd.. .gr.e.enish . A thickness of 4QO feet ass i gned to this 
group i s expos fd i n Dodo Canyon, and the base i s not seen . No f os s il s were 
observe:d; and rhe. ~~€}. . i.s. .inf.e.rr.e.d .from the Cambrian age· of overlying beds. 

I 

I 
i 

Macdougal Group 

The }fa.cdou ga l group is typically expo sed a. long Macdougal River. 
The lowest memper is a seri es of shales, mostly c hoco late coloured , but 
with l esi::er ampunts of interb edded , gr eenish shale . Flattened concr etion.q_ry 
nodules a.r e nu~erous and in p l a ces form continu9us bands i n the sha le. 
These nodules ~a.nge up t o 8. inches in diameter and are fai rly uniform in 
size. Thi s chocolate and green sha le member ha. 's a. thi ckness of 1 30 feet , 
and is over l aip b y some 200 feet of hard, sca.rp~forming limestone . Thi s 
in turn is suc:ceeded by some 350 feet of sha l e with a few thin sandstone 
beds. The age! i s. ha.se.d .on a few f o'ssil s · f ound in outcrops, but mor e 
rec ent l y t r i lo:tii tes and bra chiopods of Middl e Cambrian a ge we r e found in 
cores taken a~ the Vermi lion Ridge wel l fr.om r ed sha l es . tha. t are thought 
t o r epr e sent the Macdouga.l g;r.oup. 

I n "tihe Vermilion Ridge well, the upper 2, 78·3 feet of the 
}fit;1.cdou ga l grou'p includes an· abundanc e of evaporites , c hief l y rock sa lt, 
and .cons ists of a l t ern.a t i ng b eds of g,ypsum, shale , and hal i te . Some b eds 
of rock sa l t a r e ve r y thi ck and of a high degr ee of pur ity , as evidenced by 
drill core samples . The low·est sa lt b ed occur s about 200 feet a bove beds 
carry ing Midd l e Cambrie.n fossils. No fossils have oeen -found in this 
evaporite seri es in the Norman - Caroaj ou basd.n , e ither ·in outcrop or in well 
S9.mp l es , and a lthough i t has been p l a c ed in the Macdouga1 group of the 
Cambrian1 it may be of l ater age . I t has b een corr e l a ted tentatively with 

Hume , G .s . and Link , T .A .: Geol. Surv., Canada , Paper 45-16, p. 7 ( 1 945 ) . 
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the Saline River forrna tion1 on the basis of lithology and stratigraphic 

1 
1.1\filliams, M.Y.: Geel. Sud·., Ca~da, Sum. Rept. 1922, pt. B, PI?• 72-
78 . 

position/ 'but t he age _ of the Saline River is a dmittedly questio·nable. 
The e vaporite or salt seri e s a pparently_ has its greatest deveiopment 
on .t he northea st side of Ma ckenzie River, because in Dodo CRnyon, 
Ma cdou ga l River, where the entire Palaeozoic s ection outcrops, a thickness 
of on l y 500 feet of poorly exposed beds containing gypsum is assigned to 
t his di vis ion of the Macdou ga l group. 

SILURliN 

Ronning··Croup 

The Ronning group directly overlie.s the Me.cdougal on both .. 
side s of Mackenzi e River. It is conunonly composed of dense, hard, · and 
cher ty dolomitic lime stone , a nd is approximately l,qoo feet thick in 
M9. ckenzi e Moun t a ins. Its Silurian · ag-e is determined from contained 
mar'i ri.e fo s ~i ls. The colony corals Halysi t e s ·a nd . ·Favosi tes are commonly 
found whe r e t h i s formation outcrops. 

SILURIAN OB. DEVONHN 

Bea r Rock formation 

The Bear Rock formation is largely a breccia -or fanglomerate 
and weather s into hoodoo forms. The breccia is ma de up of blocks of 
d olomitic lime stone ; ~ome of t hem s .e '7"eral cubic feet in size. The br eccia 
is c ement ed in a ca lcar eou s matrix, a nd is often granular, saccharoidal, 
ca ve r nous, a nd bituminous. 'l'he formation contains some bedded zones a nd 
some gyps~ , a nd in pla ces the breech . grade s l a tera liy . i nto bedded 
dolomitic lime stone . The ' a ge is inferred from over~yjn~_..e..nd underlying 
f or ma tions. The thi_ckne s s of the formation is :f'ii fr.ly consta nt ~nd abou~ 
400 fe e t ' . 

MIDf LE DEVONIAN 

Ramparts Formation 

The Ra.mp~rts formation includes formations tha t have previously 
b een de scrib ed a s Beaverta il a nd Ha r e Indi9.n River. These b eds are now· 
A. 11 i n cluded i n one form.ation because they can b e m~pred a s a unit .and 
no well define -.i di vision ce. :n, be made i n the fie ld~ The R9.mparts form.a tion 
directly overlie s t he Bear Rock, end consists of. a. thi-ck lower .series of 
da rk gr ey and .limy s hales and limestone:s a nd an upper, massive, buff 
lime stone . The thic·kne ss uf the Ramparts forma tion is l e s·s than 400 .fe e t 
i n the u pper Ca rca jou Rive r a n d Fo:rt Norm.~n r egion , wher eas t o the northwe st 
i n t he vicinity of Imperia l Mountains it is 2,000 fe et thick. The thinning 
to the ncirthea st a ppear s to b e at the. exp ense of the mi r e Indian Riv13r sha le 
member. The n. ge is determined from conta,ined fos sils. · · 

· UPPER DEVONIAN 

Fort Cre ek Formation 

The Fort Cre ek formation q irectly overli e s the Rampa rts 
f or ma tion, a nd is. e ssentia lly e.. series of sha.l e s of marine or'igin. 
Howev er, loca l l enses of sandstone of a ppreciable thickness occur in the 
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region between Fort Nor~n ~nd tTor.mB.n Welis , whereas limestone lenses ···· ·· 
in · the· f orm of reefs with a ma::dmum thickne.ss of as much a.s. 500 feet 
occur in the vicinity of Narro.an ¥1ells. In the proven field such a. 
reef f orms _the oil-bearing reservoir. The shales a.re dark grey, and a 
well defined zone of black bituminous shale·s occurs above · t he Reef 
lime~tone. The maximum thickne ss of the formation in the vicinity of · .· 
Norman v·ells is a.bout 1,800 · feet . The a.g;e is determined from contained 
marine fossil s . 

Imperial F.ormation 

The Imperial formation directly overlies the For t Creek and 
is given a. new na.mel to replac e the ' hame \ Bosworth which has been found 

1 .-
Hume, G.S ., and Link , T.Jt.: Ca.nol Geological Investigations in the 
Mackenzie River area, N .W.T. and Yukion, ··G'eol. S-urv., · ca.nada., Pa.per 
45-16-, p. M (1945) . ~, • 

to be pre-empted . The forma. tion is well deve loped in Carcajou Valley 
a.nd the type section is on t h e northeas t f lank of Imperial Mountain 
Range on Impe rial River; hence the name. The strata consist of sandy 
sha.les and s~ndstones and in places a few thin limestone beds. At 
Norman We lls the Imperial b eds exposed a.re pa.le greenish · sandstones and 
may be seen in the river bank . In lower Carca.j ou Valley, where the 
formation is most fully developed , it has a total thickness of 1,200 
feet. The qge of the Imperial is de.termined from contained marine 
invertebrate fossils. 

CRETACEOUS 

. 2 
The subdivisions of the Cr e taceous ma.de by Hume and Link are 

2 
Op. cit., PP• 39 , 41 (1945). 

bas ed ma.inly on field work by geologists for the Canel Project in 1943. 
Subsequently , in ord er to corr e la te the work of variou s geologists, 
critical areas were re- examined by F;A. McKinnon and W.P. Hancock for 
Imperial Cil Limited . This work .. made .clea r e r the sequence , horizon guides, 
recognizable boundarie s , and the thickrie~ses of the various stratigraphic 
units. 

The present division of the Cretaceous into four units is 
roughly eaui valent to A, B, 0 ,- ·and D di visions by Hume and Link. A 
principal difficulty in earlier geological work was , apparently, in 
defining the boundary between Upper and Lower Cr etaceous beds • . All 
strata of Lower Cre taceous age are here included in the Sans Sau 1 t group. 

On the geological ma.p accompanying this report, all Cretaceous 
strata are r e presented by one pattern, because of the difficulty in 
tracing the boundar i es of the various separate units . We ll exposed 
sections of these beds a re few e.nd scattered, due to the fact that the 
Cretaceous rocks generally under li e the lowlands, and are COD"pe.rative ly 
non-resistant to erosion. 

In the region under discussion strata of Cretaceous age rest 
directly on D.evonian bees with apparent structural conformity, The 
interva l ·rc:presented by the disconformity was a long one during which, 
no doubt, a l arge amount of bedrock was removed by erosion. It is known 
that the Cretaceous and Devonian formati ons that are in contact are 
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different in different loc!llitres. Either Upper or Lower Cretaceous 
beds ma.y be founc1 r e sting on Upper or Middle Devonian forillB.tions. The 
Cretaceou~ rocks have been subdivided in various ways by different 
worker s , due to sca rcity of fos~~-~s,. :t.d the lack of well marked lithologic 
units, and to the lateral va ria tion of formation memqers within short 
dista nces . The sequence a lready given in the table of formations is 
the . . r e sult of t he la test information and discussion in the field. The 
namE-s have .a ll b e en previously used by geologists on the Canol Project, 
and the following is a n '3. ttempt to d efine the ir limits and relations 
more clea rly . 

Sans Sault Group · 

The S'3.ns Sault group r e sts ·di sconformably on Devonian stra.ta, 
a nd, i n the loca lity from which the name is d erived, it lies directly 
on lower Fort Creek, and in places , on the R<3.mparts f orma tion . It 
includes a ll beds from the b!l s e of the Lower Creta c eous upward to the 
b'.ls e of a non- sandy , thick sh!lle series. In t h e type s e ction of the 
San s Sault t he upp er 114 feet contains ammonites of the Beudanticera s 
typ e - ~nd al so b i va lve s of Lower Cretaceou s age. The overlying th_ick shale 
ser.i e s cont<:l ins thin be ds · of b entoni te. Individua l beds are usually widely 
distributed a nd so form good k ey horizons. '£he bentonite b e:ds in the shal e 
overly-ing -the 2A.n s So.ult f ormation ar e ~ hence) cofrela ted with hentonito 
beds r, long Sla t e r Rive r whic h occur in ' strata '6f_ known Upper Cretac e ous 

· age . . Th~ S2ns Si:tul t group is· then defined as · being composed essentia lly 
of sha l 0i3 a n d S!lnd s tones of ·marine origin, and includes all Lower Cr e t a c eous 

· stratP.. from the bs:i. s e ·upward to the first or lowest bentonite bed. The 
·:group shows its full est deve lopment on Mountain Riv-er where the stream cuts 

a cross· Impe ria l Range . Her e t'ti6 section of t hese rocks has a. total 
th ickne s s of 3,850 fe e t. 

Sl a t e r Rive r Formation 

Th e Slater Rive r fo:r_:m.<:1.tion _immedh t e l y overli e s the Sans ~ault . 
It is composed of thin-bedded, black, friable sha le s , ·with numerous 
irons ton~ con cretions· or concretionary laye rs. it 9.iso has ,thin , soft, 
white 'l nd y dlow eef:l.ms of ~lu:in ilnd sulphur flnd · acc.as'ional beds of sFJ.nd­
c·tone . .Its mo ~ t distinguish:i::rig ·feat ure_ is, howe '\Ter, the pr e s ence of many 
thin b s.nd s ·o f b eri toni te ·i/8 to 1 inch thick • . A fis .h.;.·sca le. horizon occurs 
in this· ·section, and the fossils c o llected a r e thou ght. to indicate an 

· Upper Or e tac eous ·a ge . ' A thioknes's of 1 1 000 f eet is, a s s i gned to thi:s 
formation on the br:1. sis of projected dips and s tructura l evidence . Part 
s ections of t he formation m'ly be seen on Ma c ken zi e Rive r below the mouth 
of Little Be<t r Ri 'ler, e.nd on Mounta in River. 

L_i i;;tle Bea.r Formation . 

The Little Bear formi.tion, as its na me . suggests, tk_qs its type 
loM.lity on Little Be~r Rivt2:r._ __ Th c strate. .. con sist of -sandstone ,- some 
coriglome rat;-;-~- -s~ndy s h'.l l e s, a nd coa l sea ms • . The beds a re lenticular Qnd 
so srn':lll a nd locr>. l in · distribution that the ir cor:rehtion from place to 
pla ce i s diff icult "l.nd unc ert~in ~ 

I n ·genr; rn.l, n. ny Sfl.l'ldy s·erie s lying a bove shales of th{J Sle.ter 
type m~y be t entative l y corr e l a ted with the Little Bear . A 'full section 
of the form~ t ion ha s not b e en observe d, as, whe r e best exposed, all but 
t h e l ower .p -:- rt hn.s 'b een :r emove d by erosion . A · thickness of 780 f eet of 
SP..ndy b eds as sign ed to the Litt le Bea r is exposed on Little Bea r River. 
The age o f thf, f ormstion is determined from the e~idenc e. of marine , 
brn. ck i sh, .e.nd f r e shwe. t e r fossils it cents.ins. 
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East Fork Formation 

The East Fork for:rna.tion directly overlie s. the sandstone series 
of the Litt l e Bea. r f ormat ion . It consist s of ,a serie s of well-bedded grey , 
conchoidal, and pl ast ic marine shale,. Th e formation .. ha s a thickness of 
some 850 feet i n the type loca lity on the E~st Fork of Li ttle Bear River. 
Near the base a.r e some t hin, ca lcareous, sandstone members ; and o. thin coal 
seam, a bou t 12 inches thick and containing fo ssi l resin, was observed on 
a sma ll tributar y . The shales a. r e ver y simila r i n lithology to those of 
the Slater Ri ver formati on. The E~st Fork is not recognized north of Litt le 
Be~r River. It s age i s a ssumed from its stratigra phic relations and 
observed fo ss ils, but no records of collec t ion or study of these fossils 
a r e availabl_e. 

TERTIARY 

The Cretaceou s sha. l es above the mouth of the East Fork of 
Little Bear River a r e cover ed with conglomera t es and sandstones . Cross­
bedding probably y i e ld s exagger a t ed dips, but in gene~al t he true dip is 
thou ght to conf orm close l y with that of t he underlying Cretaceous sha les. 
From the mouth of Tertiary Creek , ~ tributary of Kee l e (Gravel) River, for 
a dis tance of 18 miles , a series of gr ave l s , conglomerates , sands, lignites, 
and sh.,q l es i s exposed. Some of the .li gnite beds a rc' 8 . to 10 feet thick. A 
tota l t hickness of 1,200 fe et of these beds was me~sur ed and is ass igned·· 
to the Tertiar y . The age of the bed s is as sumed f rom their stratigraphic 
r e l ations and from fragmen t ar y foss i ls t hat wer e .ob ser ved but not collec.ted 
or studied. I n pla ces the li gni tes and sha. l es have been burqed to a brick 
r ed c ol our. These Tertia r y beds ar e over l a in by unconsolidated sands and 
gr ave l s of Pleistoc ene and Recent age s. 

STRUCTURE 

The rocks have been fold ed and in places faulted·. The genera l 
tr end of the structur e 'i s northwest- southeast , but there a. r e notable 
variations f rom thi s genera l direction. The structur e is a l so charact~rized 
by wide be l ts of gent l y dipping b eds with dips of 10 degrees or l ess, and 
na rrow be lts of beds with steep to vertica l dips. In some instances 
these st eep limb s appea r t o b e fault ed , but the str ati gr aphic displacement 
i s gener~ lly sma ll. · 

DESCRIPTION OF 1.ft'ILDCA T WELLS l 

1 
The well s are described i n the order in which t hey wer e dr i lled . 

In the f ollowi ng descripti on s el evations· given f or wells ar e 
approx imat e only. An as sumed el evation of 300 f e_e t above sea-level h.a.s 
been gi ven t o the Di scover y No . 1 we ll in the Nor1Tl!3.n Wells oil fie ld, and 
a ll ele~ati ons are wi th referenc e to it, The elevations of wildcat wells 
at a consider able di stanc e f rom the pro ven f i eld are obt~ ined by carrying 
e l ew.tions to the we ll fr om the nearest po int on Macken zie .River# and 
assumi ng an aver age drop of 6 i nches a ·mile i n river l eve l. The river 
l eve l a.t Norman Wells i s r ead ever y- day . The elevations given for we lls 
a re for t he top of the rota r y t able , which is gener a lly abou t 12 feet 
above grou:od l eve l. The el evation of Disco ver y No . 1 well , however, is 
t aken at tht. t op of thf' well he<td f l ange , a nd is pr a ctica lly at ground 
l eve l. 
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Electrologs were taken at all the wells, so that in compiling 
the log:: advantage could .'be ta.ken of. these records to supplement the· 
informs. tion· f rom rotary ·samples a-pd cores •. · 

HOOSIER RIDGE NOS. l AND 2 WELLS 

Hoosier Ridge is a fair~y flat-topped plateau about 3 miles 
long in an 0ast--west direction a.nd a.bout 4,000 feet wide . The highest 
elevation: 800 f eet, is abo~t a mile east of the west end of the ridge. 
This topographic feature is controlled by the structure, being the result 
of erosion of an asymmetric anticlina.l fold . The flat-topped ridge 
includes .several m~nor ridges with a. fairly uniform trend of north 45 
degrees west. The minor ridges are due to glacial grooving and their 
trend does not conf orm to the strike of the strata. Bedrock exposures 
are all li~estone and r epr esent the Reef member of the Fort Creek formation. 
These exposu~es show the Hoosier Ridge structure to be a narrow, asymmetric 
anticline with steep northward dips up to 70 de grees· and low dips of about 
15 degrees or l ess southward . (See Figure lC). The south dip is normal for 
that part of the'basin~ and the beds probably continue to dip southward for 
a. distance of 6 miles south of the surface tra ce of the anticlirial crest. 
The steep side of this a symmetric anticline faces the river. If this 
steep lirr~ could be traced to subsea depths it i s possible that overturned 
beds and perhaps overthrust faulting would be encountered. The location 
of Hoosie r Ridge No . 1 well was mad.e with such possible ccindi tions in 
mind., ~nd was made ~ cufficient distance down dip from the crest of the 
structure t o 13. void a possible low-angle thrust fault at shallow depths. 
It should no t be overlooked, however , that the steep dip on the north 
limb may be in pa.rt a. t lea st d~po~i t~onal. DeposH ionai· dips in reef 
limestones up to 30 degrees are not uncommon. The location of the wells 
with r egard t o the structure is shown on the a cc ompanying drawing (Figure 
lC) by Dr • T .A • Link of I mper i a. l Oi 1 . Limited • 

The obj ective of the Hoosier Ridge No. 1 well was to test the 
Beavert~il limestone and the Bear Rock.dolomite. It was thought that 
if the north l imb of the anticline ·were fault ed , the fault might pro~ide 
closure, on the up-throw side, for a ccumulations of petroleum. All the 
obj Fctives wer e tested (S ee well logs). .The structure shows closure a long 
the strike both to the east and to the west . It has a length of at l east 
5 miles and may be· as much as 12 miles long. The size of this structure 
and the probabi lity of oil-bea.ri~g reservoir horizons at comparatively 
shallow depths made this structure very 11ttractive. The rea soning fer 
the tests ·w·1. S sound and the drilling justified. 

Log of .Hoosier Ridge Wells 

Depth in Feet 
Formation . Li tholog;y: . No .1--Elev.530 Noe2--Elev . 406 

Pleistocene) etc. Silts, etc. 0 to 50 
Imperial Sandstone a.nd shale 50 to 150 
Fort Creek Upper grey sha l e member 150 to 850 
Fort Creek Bituminous shale member 0 to 20 850 to 926 
Fort Creek Beef li~estone member 20 to 495 926 to 1,380 
Fort Cr eek Lower sha l e member 495 to 1,051 1,380 to 2,160 
Rampart s Lime and shale inter- 1, 051 to 1,220 2,160 to 2,300 

bedded 
Ramparts Hare Indian Ri.v:e.r . . s.ha.le . 1,228 to 1,515 2,300 .to 2,570 
Bear Rock Dolomitic limeston.e 1, 515 to 2; 656 2,570 to 2, 718 

. ..... . . . . 
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Cores . h9.ve been pre ser ved and e.re availab l e fr om the followi n g 
depths of t he Eoos i er }Jo . 1 we ll: 8 30 to 838 , 934 t o 964 , 1, 0 12 to 1 ,024, 
l , C64 t n l , C74 , 1, 110 t o 1, 118 , 1,390 to 1,405 , 1, 541 t o 1, 556 , 1,737 t o 
1 , 741, ?. , 02 3 to 2 , 033 and 2 ,337 to 2,34 7 fe e t . 

The d epth t o which the Bea r Roc k dol omite extends in No. 1 well 
i s n o t known . Towards the b ottom of t he hole t h i s d olomite showed vert ica l 
r1 i p s , '.'lnd s o it i s quite po ss ;i. b l e t ha t t he we ll W8.f: sti ll in thi s f ormation 
when i t rea c hed i ts to~l dept h of 2,656 feet . Also, diff i cu l ty was 
exper i enc e d in mB. i nta. i ning 8. strai ght hol e , s o the app:J. ren t e;.cc essi ve 
thicknest i s not the true thic lmess of beds pe:hetra. ted . 

Hoosier F i dge No. 2 we ll was dr illed wi th· the objec t of testing 
the downthrow f ide of 'Nh'l.t mriy be a f ault ed struc t u r e . It was thou ght 

. · th'.:1. t a f e.ult on the upd i p side of t h e we ll might f orm a t r ap a nd po ss i bly 
cause 9.n . a c cumule,ti on of oi l t o gath e r in the Reef limes t one , which a t 
thi s loc"l.tion i s buried a nd c over ed by sha l e ; there were a l s o possib i l ities 
i n the upper or Beaverte. il member of t h e Re.mpar t s f or ma tion and in the 
Eear Rock do lomi te . The Reef lime stone; however , conta ined on l y fresh 

. ¥r1". ter , 1Ni th cons i der ab l e hyd ro gen sulphide . The upper , Beaverte.i l lime ­
stone merre r of the Ramp'3. r t s form'\ t i on y i e lded a s light oil s howing when 
b ·1. ile d , but a c id treatment g_qve no f urther oi l r e cove r y . The Bea r Rock 
d o lomi t i c lime ston e yie l ded c ons ider able wa t e r but ·n o o i l . 

The thickness of the lower Fort Cr e ek sha l e is abnorIT12.l in this 
'"e ll due, t o f' r umpling R.nd f r a ctur i ng . Core samp l es f rom depths of 2 , 0 18 
to 2 1 10 7 fe e t &howed cons i der ab l e e~id enc e of f racturing with s l icken -
sidEs c 11 tti ng the b edA. in g at ang le s of 60 t o 70 degr ees . Cores l1ave b een 
pr f. served a nc '1.re a vails.b l 8 f or study from the foll01iing depths : 928 t o 
958 , 1,199 to l~ Z08 , 2 , 0 18 t o 2 , 028, 2, 051 t o 2 ,134 and 2 , 334 to 2 , 346 f eet . 

BLUEFISB lK , lA V'JELL •' 

This wel l i s l o cG.ted a t the mouth of Bl uefish Cr eek a.bout 9 
mi l es downstr e9.m f rom Fort Norman . Struc tural l y ·the we l l is loca ted fa r 
nown thE:: we s t f b.n k .of a f ri.u l ted ma jor anticl ine thn.t f i nds its to"pogr aphic 
expr ession i n the feature known a.s Bear Rock or Be'l.r Mounta i n . This 
mounta i n ris es to a height of 1,200 fee t P~bove the river . The stru c ture in 
the vicinity of the wel l has e, .;ener a. l n o:rthwest trend . About 2 :rr.i l es 
d o1ft.111 str e1-1.m from the we; 11 Tertiar y s t r a. t a 9. r e shown fa.u l t ed r.g9. inst t he 
Impe r i '3.. l f orma. tion of Upp~r Devoni an a ge . However , the gr el'\ t differ enc e i n 
age of the etr~ta on op po s i t e sid es of the fault is no indication of the 
amount of stratigr aphic or verti c~ l displ a c ement a l ong t h e fau l t , b eca use 
Cr e t a c eous beo s a. r e known t o r e s t unconformab l y o.n· var i ous Dev on i an fo rm<.lt i ons 
i n thi s gene r <i l r egi on . The geolo gica l ITL<lps show Ter tia r y b ed s i n 
u n confo rmab l e cont a ct with J· ~ idd le Devonian s tra t a in the vicinity o f Ben. r 
Ro c~c , but th i & r ela ti o.nsh i p i s obscu l"e d by r e c ~nt unconsoli dated dep_os its . 

Th,_ foll o 11Ti ng i s 8 summo.r y log of Bl uefi sh lA we ll. The 
d e si gn9..t i on lA was givPn this we ll .beca us e anothe r had b een sts.rt e d at the, 
same l ocft tion in 1 921, ~nd dr illed · to 4 95 f ee t wf>e r e the too l s wer e l ost i n 
the hole a nd th~ ·wsll abandoned . 

For mat i on 

Re c ent 
Tertiar y 
Cr e t ac eou s 
Fort Cre ek 
Fort Creek 
Fort Cr eek 
Fort Cr eek 

Log of Rl u ef i sh lA We ll--El ev . 350 · f ee t 

Lith olo gy 

89.nds and si_ l ts •.••••••••••............. 
Unconso l ida t e d gr a ve l s , sand s , e t c •••••• 
fh.q l e10 i:i.nd 59..nrl stone s • • ••••••••••••••••• 
Upper sha l e membAr • ••••••••••••••••••••• 
Jungl e Ri dge limestone •·•••••••••••••••• 
t-i 1 t y sha l e , .....••••...•..............• 
Li mr-: stone •••• . .•.•••.••••••••.•••••. • •.• 

Dept h 

0 
30 

36 0 
1,150 

·l , 620 
1 , 780 
l, 907 

i n Feet 

to 30 
to 360 
t o 1,150 
to 1,620 
t o 1,78 0 
to 1, 907 
to 1, 91 3 



Fort Creek 
Fort Creek 
Fort Creek 
Ramparts 
Rampar t s 
Bea r Rock 

·Ronni n g 
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Shale .................... ' .......... ' 
Lime stone •...•••••• _ ••.•. • •..•••......• 
Lower shale member ••••••••• , ••• , ••••• 

· Bea~ertail limestone ••••••• · w~· · ri••~·~ 
Hare Indian River -· sha1 e s ••••• ,, , ........ . 
Do lomi t ic, limestone •• , • • ••• , ••• ,. ••••.• 
Anhydrite ~ .... ~ . .- • •• • •..•• , ............ . 
.Dolomitic limestone ••••••••• ~ •••••••• 

1,913 to 2,010 
2,010 to 2,060 
2,060 to 2,535 
2,535 to 2,650 
2,650 to- 2,910 
2 I . 91Q tO . . 3 I 320 

. 3,320 .to 3 ,340 
3,340 to 3,539 

No true reef limestone ·-was encountered in this well • . . The 
lime stone p:;efent above the lower shale is probably the ba..sa l limestone 
of · the r eef with sha l e partings • Also, ther e was no bituminous shale 

: :member . · 
··, 

' . ' 

The we ll wa.e drilled . to a;total depth .of 3'-539 feei; • .. 
Circula tion as lo st at 2 ,536 feet and a f low of water was encountered 
at 2, \':!2 7' feet . Slight oil stains were fou~a at 2,9:}.0 feet and at 
2,480 feeto However , there were no .indica tion s of otl in commercial 
quantity, and the well was abandoned. 

Although t here 9.pp ea red to. be no fo.vourable structure a t this 
point, oil seepage's cc.cur a"t sev"eral"plac"es .. iilong .. the river bank both 
upstr eam _ ~nd downstream from the we ll. location. 

Befor e. the well was . drilled ·it 'wns kno~n that the Norman Wells 
oil fi e ld v.m.e- a s.tra..tigr aphic . .trap.,. well . down. on · the flank of a large 
e.ntic lina l str uctur e .•. . l'he deci.s i on to drill was then ma.de i n the hope 
of. strik ing ~ .... . ..... .. . .. . 

1 • . Lens·es of l ime.stone. or . .sandstone in the F'brt Creek shale as f ollows : 

(al g 
Th.€ . . Ju.n.g.l e . Rid.g.e limestone ' · 
The Ca nyon sandstone 
The Reef lime stone ; 

2. Porous l enses or b ed s in the Beaverta il limes tone, 

3. Porou s ~en ses or b eds i n the Bear Rock f ormation . 

4. The ero s iona. ~ 
1
co11tact b etween the Bear Rock f orma tion and the 

Ronning group . . ... . .. .. .. . 

ThA Jungl e. R.id.g.e .. Ume.s.ta.n.e. i.s . . very impure, a nd it wa s thou ght 
mi ght b e por ou s •. ' .rt .is. 1.o.ca.l .in .e.x.te.nt, a .nd ,. henc e ' n{J..ght easily f orm a 
ftr a t i gr aph;i c tra.p" Likew.i.s.e. :the. .Ca.ny.on .sandstone i ·s · a local l ens i:i.nd i n 
plac es was observed to be sa turated with oil. As a possible r e servoir 
rock the Reef limestone .need s . n o comment, a s it is the host rock f or the 
Norman We ll s pool . The· Bes.vertail limestone is bituminous: i n many places , 
and the Bear Roc k do lomite ie~ covmionly · porous a nd bituminous. The 
erosiona l c ontact at the base of: :the Bear Rock fonna.tion is, from its 
na tur A, a po s s ible r eservoir . 

The dril l penetra t ed al l. t h e abo ve obj ectives without f avourable 
r e sults , a nd , hence, the well was abandoned . In vi ew of the number of 
~ossible r e servoir horizons '3.t compar a:tively shallow .depth~ the l ens-like 
natur e of mg_ny of them, and the pr.oximity of oil s eeps, the t e st appear s 
justified. 

Cor e s from Bluef ish 1A wer e obtained. and · a re available from· the 
followin g depths· : 840 to 845; l;, 087 to 1,100 . 1 ,- 228· to 1,245, 11 638 to 
1,653, 2, 056 to · 2, 066, 2,452 to 2, 472, 2;553 to 2~565 , 2,964' to 2,980 and 
3 , 34 3 to 3 , z.s 0 • 



MA.c · NO. l WELL 

This we ll is located· on the sou th bank of Mackenzie River 
a Dout ha lf a mil e downstream f~om the Canel dock or land ing . There 
a r e no outcrops of b edrock nearby. The well location was made on t he 
ba s is of sei::-mograph wrveys in· conjunction with information from we ll s 
drilled. on Bear and GooEe I s lands . Interpreta tion of results of seismograph 
work indica ted that the normal plunge of the Reef lime stone to the east and 
southeast i s interrupted by a flattening or terrace structur e . A s imilar 
.f l attening was indicated at t he tqp of the Beavertai l limestone , and, 
hen ce, the t 0rrace effect was thou ght to be structura l and not du e to a 
change ot thickness in the r eef. If this reas oning was ~orr ect, then s ome 
oil accumulation mi'ght b e expeeted, and the possibilities se emed more 
favourable if there was a local thickening of the reef in this vicinity. 

The well, however, wa s drilled to a depth of 3,146 fe.et without 
f".lvoura bl& result, and was abandone"d. 

Summar y Log of Mac No. 1 Vlell--Elev. 2 97 feet 

Formati on Lithology Depth i n Feet 

Re c ent 
Cr etaceous 
Imperial 
Fort Cr eek 
For t Cr eek 
Fort Cr e ek 
Fort Cr eek 
Ramparts 

Sands a nd ol~yg •••••••••••••••••••• 
Shales, etc. •••••••••••••··•••••••• 
Sandstone and shale •••••••••••••••• 
Urpe ~ sha le member ••••••••••••••••• 
Bituminous sha le member •••••••••••• 
Reef limes tone member •••••••••••••• 
Lower sha l e member • • ••••••••••••••• 
Beaverta il limestone ••••••••••••••• 

? 
? to 

810 to 
810 

1,330 
to 2, 000 
to 2, 097 

2 , 589 
3,130 

to 3,146 

1, 330 
2,000 
2, 097 
2, 589 
3,130 

to 
to 

A compari~on of thi G. log with t ha t forecast by the geo lo gica l 
staff of Imp er i a l Oil Limited b efore the well was drilled, i s i nter esting . 

Fore cas t Lo g of Ma c No . l Wel l 

Loos e surface _material ••••••.•• • •.• ••••••....•........ 
Cretac eous shale s. • , •••.•••• ~ ..• •, , ••••••.•••......•..• 
Imperia l sandston e and sha l e •• ,·. •.,., • • •••• •.• •••••••• 
Fort Cr eek upper ~hales •••• •.• ••• , • •• , ••••••••••• , •• ;. 
Fort Cr eek Reef limestope •••••••••••••••••••••••••••• 

Feet 

0 to 
50 to 

675 to 
1,150 to 
1, 975 to 

50 
675 

1,150 
1,975 
2,350 

The r eef \"lfl.S s lightl y deeper and muc h t hicker than anticipated . 
A slight oil saturation was ob serve d in cores in the upper mos t section 
of the Reef 'limt:)s tone from :?.,097 to 2,102 feet, but no oil in COin.mercia l 
guanti ty was encountered, and the well was ·a bandoned , 

MAC. NC.: • ~ 'WELL 

Wa c No, 2 well was located about a mile s out hwest of Mac No . 1 
an~ near the Canel Road. It s location and r ecomm&nda tion wer e determine d 
solely on the s tr ength of r es:ults of' 11 seismogr aph survey . As a r esult of 
thif work th e r eef conr1 ition was shovm to extend farthe r down the c1 ip in a 
rnuth"re-sterly di r ection. The ·isopach t ·ime interval a long this trend i ndi cated 
the r eef to be about the same thickness over the entir e distanc e from 
Norman Well s to a point near ly 8 miles wes t of Ma cken zi e River at Mac No. l 
'!re ll. The well loca tions Ma c No. 2 and Ray No. 1 were made s. long this trend. 
for the purpose of testing the possibility of a stratigr-s.phic trap due to 
loca l v~r iations in porosity wi thin the cora l reef . 
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The we ll was dr i lled.to a t ota l depth of 2 , 958 feet . The 
est i matec'l d epth t o t he top of -'the Reef limestone befor e drilling , bas~d 
o se i smic c1.A.ts. 3.hr' r esult ~· obtained in 1fac No . 1 well , was 2 , 475· feet . 
The a ctuf-l l depth · to. the t op of the reef proved to be 2 , 45 3 f EOe t , · so that 
t he f o eca e-t.wn.s ·rrery elo se . The reef"was thic k , as the seismo graph 
f'ug;geste d , but there was no indica tion of oil satur ation nor did a 
forrn'l.ti on tf':::t ind ica te the pr esence o f water . The r eef here i s apparently 
be low t he 1 ve l of bottom water of t he NorIMn Vle ll s poo l , but is of very 
lo · permeabi l ity , proba bly due to :::econda.ry c ementa tion a ft er the oil 
heC\ been f h1she d up the dip . The vre ll wa s conse qu ently abandoned. 

Form0.t ion 

Recent 
Cr e t 11.c e ous 
Im , e ri ""~ l 

Fort Cr eek 

Sunnnary Lo g of N':l. c No. 2 Well--El ev , 435 feet 

Lithology 

Surfa c e sands a nd sil t s 
~'. ha l es , etc. ·••••••••••••••••····~·· 
~'.3.nd stonE:: s nd shs:tle •••••••••• .•••.•••• 
Urper sha l e member · ••••••••• , •••••••• 
Bituminous shg_ l e member •••• · ••••••••• 
Ree f lime stone member . •• ." ••••••.•••• , . 
Lower sha l e member •.. · •. ·····~· ...••• 

Dept h in 

0 to 
100 to 

1 1 14o' to 
1,680 to 
2 , 360 to 
2,453 to 
2 , 935 .t o 

Feet 

100 
1,140 
1,680 
2 , 360 
2.;453 
2 , 935 
2 , 958 

Cor ( s f rom~· · c No,. 2 we ll ha ve been prese r ved and a r e avai l a ble 
f rom t he fo llowi ng depths : 2 , 44 9 to ? , 464 , 2,650 to ? , 66 5, 2 1 80 3 to 2 , 822 , 
'1.nd ? , 940 to 2 , 958 f ee t . 

RAY. N(.-• 1 WELL 

T11i s ve ll vq,e loc !.'l. t ed a bo:ut 4 miles wes t of ~flac No . 2 we_ll,, a nd 
ne'"l. r <the nor tlwre st end of the Camp Canel a irplc.ne l a nding strip . Its 
l oc n.t ion 0 n c.1 r e commendation were based ·entir.ely on 'the r esults of the 
sq-m e r r;f l ect:i.on E:fl i smogr !iph survey 2,nd for the same r eason '3.S given for 
}'_a c 1' o . 2 V\ell . Th::.t is , '3. thick section of Reef limestone W3.S indice, ted , 
nnd i~ W'3.S hoped th'l.t l ensing of the reef Qnd changes i n poro sity wou ld 
produc e r. str!3.1"; igraphic trap for petrol eum . The wel .l was drillecJ to a 
tot'3. l , depth of , 3 , 817 feet . _ 

Core~ were t qksn ~t the fo llowing depths : 3 , 271 to 3 , 286 , 
3 , 380'.to 3 , 396 , a nd 3,68 3 to 3 ,701 feet . 

Summary Lo~ of Ray No . ·l n'ell--El e v . 576 . 5 Feet 

Form'ltion Litholo gJ'.: Depth i n Fee,t 

Recent 8F1.nd s , s ilt s , e tc . ••••••• t ••••• . • • .. • •••• 0 to ? 
Cn:t a c eous Sha l e s ............................ .. ... ? t o 1,900 
Impe r i g, l S<;1.nds tone a nd Sh9.l e ................... 1,900 to 2 , 520 
Fort Cre ek Upper sha l e memb e r .................... 2 , 520 to 3, 176 
Fort Cr eek .. Bi tuminous sh<>.l e 1nember . ............... 3 , 1 76 to 3 , 266 
Fort Cr eek Reef l imF::stone memo er ................. 3 , 266 to 3 , 728 
Fort Cr e0k: Lower E:h8 l e member ...................... 3, 728 to 3 , 817 

The top of the r ref wqs found to bE. s ome 400 feet d eeper thi:m 
estim'l. te~ . The seismogr aph survey r e sults wer e fnterpret ed ... '3.S indica ting 
a loca l thic k ening of the Reef limEstone F1.t this location ; but this d id 
not pr ovr:;' to be . . so . The i n'dic<J.t ed ·th ickening wo..s , however, b '3 sed on 
irnpa. c hs .th0 t i ncluded the l ower Fort- Cr eek sha l e 3 s we ll as the Re ef 
limAston"' .1 ,.. nr1 th"' Pffe<' t <'Oulri hr-tve be f'?n due to a local thickeni ng of 
the Ph9. l e . · 



A fo r :ma tion test of the Reef limestone b etween 3, 284 and 
3, 34 7 fee t y i e lded 40 fee t of mud oniy, and no evidence of oil, water, 
br gas . The H~ef limestone wa:s barr en throu ghout, and , apparently, of 
a ver y low order of permeability. The well war? , the r efore, abandoned . 

MORRCW CREEK NO. l WELL 

Norrow Cr eek No. 1 well was located a.bout 6 mile s upstr eam 
from t he Hoosier Ri dge we llio and on the opposite ba.~k of the river. The 
loca tion waf made on wha t is thought to be a. small a.nti clinal structure , 
but only one outcr op i s shown. wi th a northward dip of 11 degrees. The 
d ip of the beds on a ll othe r exposures i n t h'lt vici nity is s ou thwa rd,, 
which is the regional dip fr om the r iscovery Wounta. in Range . Gr a vimeter 
survey r e su l t:: su ggE) ste.-1_ a structural high confor ming' we ll t o tha t 
su ggest0d by thf surfa c e outcrops. The r e sults of se ismo graph work 
su g;Ges t ed the pr er-en c e of r eef lime stone i n the south flank of the 
structur e , but poor r eflections pr evented_ a clear definition of the north 
dde of the fo l d.. Th~r e. i .s- -li t tle dir ec t evid enc e of closure a. long the 
s trike t o t he ea~~- and. west ). a lthough· r e c ent gr avi mete r surveys . indicate 
'.l -we stward pl ungf] _ 1J13p(;:a th. U1e· river and an eastward rise to a. high 
a no_ma l y a bout a lJ1H$ a long- the · strike fr om t h,e we ll location . The well 
wa s_ drilled .to a_qepth of'-2 1 024 feet , and the d;epth t o recognizable 
horizo n s was cons :i,d erab l y .sha: lJ:ower than expe cted . The pr esenc E.: of two 
possible oil r ese_r_v:oirs .. at -compa:ra.·tively s ha llow depths , the Reef 
lime::: ton e and t h e Bear Rock dolomite , was a f avourable fa.-c tor . 

Surmna r y Lo g of Morrow Cr eek No. 1 We ll--El ev . 31 3 Feet 

For mation Lithology Depth i n Feet 

Recent Sands , silt s ~ e tc. 0 to 30 
Fort Creek Upper sha l e m'ember 30 to 758 
Fort Creek Bituminous member 758 to 994 
Fort Cr eek .Reef limestone memb er 994 to 1,064 
Fort Cr e ek Basa l limestone member . 1, 064 to 1,104 
Fort Cr eek Lower shale 'memb er 1,104 to 1,610 
Rampart s Beaverta il limestone 1; 6 10 to 1, 767 
Rampa rt s Rrunpa. r ts sha l e a.nd limestone 1, 767 to 1, 96 5 
Bear Rock Dolomit ic limestone 1, 965 to 2, 024 

A strong f l ow of su l phu r water was encouµte r ed ~t a, . depth of-
2,024 f eet, a.nd the we ll was abandoned . This water fl owed a fu ll str eam in 
the 7-inch ca sing with a pressur e of 160 pounds per square i nch a t the 
surfa c e . The t emperatur e of the water was 90°F, and the flow vvas e stirrnted 
a t 24,000 ba rre l s a . d~y •. 

A c ompl et e an~lys i s of the >vn rm wat e r fr om the Morrow Creek we ll 
gave the fo llowi ng r e sult : 

. . . . . . . . . . . . . 
4 ~ • - • • • 

. . - . . · · ·Pa tti=>" Per· · · · 
- - · - ·Million 

- . . . ' 

Potas sium (K1 ) -'.-----:--:--:--.--.--- -Tra c e only 
~ odium (Na 1 ) --~-----:---~------- - - ~,6 00 
Cn.lciuP'l'. (Ca2) .... ; .... ~ ... ..,-.-.-.--.--.------ - 918 
Magnes ium (Mg

2
) :________________ 28 7 

Iron and Al uminum (A l 3 , Fe3) --­
Chloride (C l1) ----------------­
Su lphate ( S< ·4) --:---------------
Hydroxide (CH) -~--------:------­
Carbonate (er 3 ) ·----------------
Bicarbom t e (H2CC' 3) --------~---

12 , 920 
3, 960 

Fr ee hydro gen sulph id e-35.3 part s per million 

Per c ent Tota l 
So lid s 

32 .2 
3 .7 
1.1 

48 .2 
14 .8 

_._ 

-·-

Tota l solids by evapor a tion--27,100 parts per mi llion 
~pec ific gr avity of the water a t 60°F . - -l.02 3 
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SEEPAGE LAKE NC . lA 1Jl.'ELL 

This well was loca t ed a.bout a mile northeast of the Discovery 
well of the Norman Well s field . The designati on lA was given because 
Se epage Lake No. 1 we ll was a bandoned at a depth of 268 feet, and hence 
wq_ s not a t est . The tool s were lost i n the ho l e .' 'and a large bi t was 
no t r e co vered . The ri g was then skidded 15 feet and we ll· lA was drillea • 
l'hi i:: vrell l oc 8. tion wa1 me.de b e cause of a n oil seepage on a' sma ll lake 
nearby, and , be cause t he Reef limestone i s kno m t o ext end up dip towa r ds 
th6 well f rom the proven f i e ld. ThEl well we.s dr ille d to a t ota l d epth of 
1,636 fe e t . No evid ence of oil or ·ga s ·was encountered in the drilling . 
Cor es and. fo r oot ion t ests at var ious horizons pr oved that the zone s t ested 
were barr en . It will be noted that the Reef limes tone is very t h in. 

_Summar y Lo g of Seept::q;:e Lake 1-' o. lA We ll--·Elev. 554 Feet 

For mation 

Recent 
Fort Creek 

' Fort Cr eek 
Fort Cr eek 
Fort Cr eek 
Rampar ts 

Li t ho lo g;y . 

Sands , s ilt s , .e tc. , •••• , ..•. ~ .. o \'I •••••• 

Upper _ sba l e member .• , ••••••••• ••.•••••••• 
Bituminous .sha l e .member •••• • , . ... · ••••••• 
Reef. limes tone .memb er •••• , , •• • ,·" ,., ••••. 

· Low: er . sha l e memb er. ~ , , , •••••• • •• • , ••• , • , 
B ea:\Ter ta i 1 1 ime stone -• , , ••••••• , ••••••• , 

Depth ·in 

0 to . 
60 t o 
6~3 to 
989 t o 

1,035 to 
1,545 to 

Loo nex Ko , 1 wel l was loca t ed a.b out 5 mi l es due s outh of 

Feet 

60 
643 
98 9 

1,035 
1,545 
1,636 

}.~a cken z i e ~i ver (See map ), on :the p l u n ging wesf;E;rn end of the Loon Cre'ek 
anti cl i ne . Ac cording to th e evid enc t: of t h e seismograph , i t wa~ expected. 
th~t a thick development of Reef l imeston e unc erlay this site , and the · 
Beaver h. il limeston e pl unges w-estwg_rd · fr om Loon Creek No. 1 well. Actua.lly 
t he Bea.ver wil limestone b e twe en Loon Creek No, 1 and Loonex No . 1 wel l s was 
f ound to p l unge westward a. t A.bout 200 feet to · the mil e , but the Reef 
limestone was . entire l y a.b s ent (See lo g). 

Formation 

Re c ent 
Cr e tac eous 
Imperia l 
Fort Cre ek 
Fort Cr eek 
Fort Cr eek 
Rampart s 
Bear Rock 

Summa r y Lo g of Loonox No . 1 We ll--El ev . 567 Fe€t 

Li thology 

Si 1 t and clay ••.. , •••....... c- •••••••••• ., 

Sha l e and sand s tone 
Sand stone and sha l e 

•••••••• e.o~o--.., •••••• ......... " .. " ...... . 
Upper . sha l e memb er ••••••••• , ••• •• •.•• , ••• 
Bituminous shRl e memb e r ~···•••• •••• ••••• 
L01.¥er sha l e rnemb er •••••.••••••••••••••••• 

Li.rnestone a.nd sha l e ••••••••~· · · •• ••••••• 
Doiomitic limestone •••••••••••• ,. , •••••• 

Depth in Feet 

0 t o 30 ? 
30? to 1, 325 

1,325 t o 2, 230 
2, 230 t o 3, 080 
3, 080 t o 3,580 
31 580 t o 3, 990 
3, 990 t o 4 , 377 
4 , 377 to 4 , 564 

Formati on tests wer e made i n the limAstone in the upper part of 
t h e Rq,mpart f formation "1.nd also in the Bear Rock dolomite , but on l y drilling 
mud was r e co vered . .. There was no evidenc e of oil or ga. s , and the wel l was 
aba nd oned . 

LC( 'N CREEK NC • 1 'WELL 

This we 11 was located on .the west ba.nk of Loon Cr eek about 4 
mi l es ::00uth of its junction with ]~a ckenti e 'Oiver . The s it e is near the 
cr e st of a small anticlinal ·s t r uctur e t hat is r-:hown b y exposures of 
Cr e t a. c eou s sandstone anc1. sha l e in Loon Cr eek . Her ;, the r egiona l southward 
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dip is interrupted. f or a short distance, a.nd the beds dip northward e..t 
an ~ l es v~rying fr om 4 to 10 de grees. The anticlina l struc ture i s . 
verified by geophys ical evidenc e . A seismograph s urvey i ndicated that 
the Loon Cre ek str uc tur e i s a sharp n o se with ·an east-we st trend· and 
westward plunge . Clo sure to the east was verifi ed late r by se ismb graph 
furvey , a nd 7mS r e -c hecked and verified b y the drilling of Loon Creek Ro. 
2 we ll. ThA continuation of t he anticlina l uplift was f ollowed by the 
seismo gr aph f or 10 t o 1 5 miles ea s tv.,rard from Loon Cr e ek No. 1 well . · The · 
we ll was drill e d t o a tota l dept h of 5,442 fe et. · 

Summa ry Lo g of Loon Cr eek No. 1 We ll--El ev . 512 Feet 

Format ion 
or Group Lithology Dept h in Feet 

Rec ent Silts and cla ys ...................... ~ . 0 to 30? 
Cretac eous Shales and sa.nd stone.s ...... , "" ......... 30? t o 485 . . 
Imperia l Sand stone a nd she. l e • • • • • I • • • • • • • • e • • • • 485 t o 1, 095 
Fort Cr eek Upper sha l e member 

.. 
1, 0 95 t o 2,21 5 ... ' ................ 

Fort Creek Bitumi nous sha l e ·memb er . 
••••• (; ••• 0 ••••• 2, 215 to 2 , 612 

Fort Cr e ek sha l e member 
. . . 

2 , 612 to 2,636 Limestone •••••••••ll'oce••• 
Fort Creek Lower :::he. l e memb er •••••••••••••• 9 ••••• 2 , 6 36 to 3,205 
Rampar ts Limestone an0 i::he. l e • ,, •• * ............... 3,205 to 3,54 5 
Bear Rock Do lomitic limestone and a nhydrite ..... 3 , 545 t o 3,970 
Ronning Dolomitic lime stone ••••••••••••• et ••••• 3 , 970 t o 5,452 

Core s wer e t aken at th e fo llowing d epths : 381 to 391, 48 1 t o 
491, 515 to 533 , 2,912 to 2, 924, 3, 1 91 to 3 ,21 9 , 3 : 55 7 -to 3 , 574, 3 , 613 to 
3,674, 4 , 433 t o 4 , 44 5, and 4 , ~94 to 4,..91?~ .f.e.et . · · · 

The qrilling depths to va rious hori zons verif ied predictions . 
f rom sur f a c e ob ~. erva tions and the s e ismi c work. The f orms. tions wer e , 
howeve r, f ound to be t hi ckening t o the west to a s omewhat gr eater degr ee 
than anticipatea . Seven ·di fferent f orITl.ation t e s t s wer e made ,: extending 
f rom nea r the top of the Rampar ts (Beaverta il ) lime s t one t o nea r the bas e 
of the Bear Rock dolomite , No flow of gas , oil or wa t er was evident, and 
t he wel l was abandoned . 

VEP.MILION RIDGE NG. 1 WE LL 

This .w:e ll was loca t ed about -25 miie s · east of Norman We lls and 
about 5 ~iles fr om Me.c~E'.ln zi e River .~n:a · d~rect line . The .we ll is n ea r t he · 
base of Discover y .Rang~ ,. a broad antic~~n~l . structur e , the .we ll s ite b e i ng 
far d own ,t he s outl:iwe st f l ank where . ~ . r ~ve rs a. l of di p in the Fort Creek 
she.l es su g.gested a min<?r a nticline • . . ri:~ r eg i ona l or norma l d i p of the 
strata i ~ t oward the so \).th~est , anq.. the . r e -yers e or northeB.st dip e xtends 
f or a very short di stance and probably r epr esents crumpling i n the sha l e 
and not ~-or e than · a sli ght · f l e. t tening , · if any , in the mor e de ep l y buri ed 
a nd comp et ent limestones . I t ~n s hoped tha t this s tructur e mi ght f orm t r aps 
for a ccumu l ation of PE'.l troleum in the Reef limestone , the Rampa rts - Beaverta il, 
or the Bear Rock b r eccia t 6d d olomi t e . The we ll, however, star t ed below the 
Reef limestone a n d ther efor e d eeper in the sec tion than was anticipated . 
These upp er horizons having f a ile d t o pr odu c e o i l, t he well was drilled t o 
th6 Cambria n str a ta in order t o t e st a ll likel y horizons f or pe t rol eUI!}, but 
wi thout succ e ss . 

The Ver milion Rid ge No. 1 we ll, h owever, wa s drill ed deeper both 
vert i c <J lly and stra tigr e.phica lly than any previous well , a nd a. t the time 
of writin t; i s the de epes t we ll in the Nor thwes t 1\~ rr i t ories . 
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Noteworthy in the lo g is :Ch~-· thick section of rock salt and 
the salt series. Supplementing the rotary drill samples, in the ma.king 
of the lo g , are numerous core samples and an e l f-ctrolo g . 

SW:rano.ry Log of Vermilion R;idge No. l Well--KleTh tion 1,055 Feet 

Upper Devonian 

Middle Devenian 

Silurian or 
Devonian 

Silurian 

Cambrian 

Mid.di e . 
Cambrian 

Formation 

Lower Fort 
Creek 

Ramparts 

Bear Rock. 

Ronning 

Ma cdougal 

Lithology . Depth in Feet 

Dark brownish grey 
5hales ' •••••• ; ••••••• ~ · 0 to 

M~in"ly lime slone with 
. f ess er shale • • • • • • • • • 4'.70 to 

Do).omitic limestone with 
. pyritic nodules; car­

bonaceous pa.rtin'gs; an-

470 

hydl"i te in lower pa.rt. 853 to 1,297 

.Dolomitic lime.stbne,. hard 
~nd dense; interbedded 
with anhydr_i te and 
green· shale •••••••••• 1,297 to 2, 799 

Green and r ed Shale 
.· .. 1.vi th dolomite . and 

,gypsum, . shale and 
~ypsum at. the base ••• 2, 799 -.to 31 369 

: . . . 
11 · · • · • • • • • • Sa•lt Series: Ma inly 

· rock salt, 3,369-
. · · · · · · · · · 4~402; limy silt­

.····· · · · · · ' ······ "stone wi th salt and 
· · · · · · · · · · · · · · gypsum, 4,402;..4 ,470; 
· · · · · · ·· · ma.inly. salt with 
· · · · · · · · · · · · · · · · · · · lesser amounts of 

" 

" 

limy and silty beds, 
4,470-4, 656 ; mainly 
siltstone with l esser 
amounts of salt and 
gypsum, 4,656-S,225; 
mainly rock salt, 5,225-
5~215; siltstone ; ~hale 
and salt, 5, 275-5,530; 
chiefly rock sa lt . 

· · s,5~0-5, 58 2 ·~·····~·~ 3,369 ~o 5,582 

Greenish gr ey shale ••• _5,582 to , 51 788 

Shale~ greenish grey 
and purple, fine ly 
laminated and ca l-. 
careous; fossill:i 
abundant, chiefly 
sma.11 trilobite s •••••• 51 788 to 5,972 

Core s were take n at the·following d epths! 480 to 506, 845 to 
945, 995 to 1,072, 1 1 333 to 1,353, 1,819 to 1,839, 2 ,10~ .to 2,121, 2,374 . 
to 2,394, 2,650 to 2,668, 2, 101 to 2,821~ 4,450 io 41 470, 5,255 to 5,275, 
and 5,788 to 5,806. 

Formation ·tests showed no evidenc~ of .·o'il, water, or gas a.nd the 
well was a band oned. 



... 

RAIDER ISLA.ND NCJ • 1 WELL 

.. .. · ·r J',; ··u .. 
Tl;i.i s well i s loca t ed · on _' Raider Island about- 7 mile s --dowrr-

stream frorii Norman ·v.re ils and the proven fi e ld. The location of the 
.we ll was made entirely as th~ r esult of geophysical work. Seismograph 

- r esult s v've'r e inconclusive , but the g,.a.vimeter suggested a thi.ckening 
of t he Reef limestone . ' Hence t h"s well wns drilled in the hope of findin g 
oi 1 in thi s limestone • . -'1'he g:ra viineter showed a low anomaly over Raider 
Ishnd , whic h much r es embled the grtlvity low over the proven ,f i e ld, .and 
the two lows have s imila r trends ·. · This simila rity wa.s interpr eted a s 
prob!J.b l y · r e pr.e.s.enting. a. reef,· underlying Raid er I sland. The strata in 
th e vicinity ha.ve a gene r a l southwest dip of a.o o.l;lt 6 degrees • . No revers'.3.l 
to t h is is knoiNn, and so · the ho'ped for condition here was a stratigraphic 
tr>"~P similar to that a t Norma.n ' 1fiiells, The we ll was drilled to D. total 
depth of 2, 190 feet • . The Reef · limestone was f ound t o be extremely thin, 

.. a nd henqe , thw 1ow gr a vi ty a noriiti lywas due to other causes . 
l '· 

Appare~tly, only bas11 iimestone of the Reef member was 
encountered. This ~~ s cored for 40 f eet, and r eve~ led low permeabi lity. 
A formtion t est y i e1ded drilling ·fluid only, a nd the we ll was abandoned. 
The follow:i,ng. is .a. summary lo g : 

Forma tion 

Re c ent 
Cre t a c eous 
Imp eria l 
Fort Cr6ek 
Fort Cr e ek 
Fort Cr (-ek 
Fort Cr E"ek 

Lo g of R9. i der· Island N.o. l Well--El ev . 331 Feet 

Litholo gy Depth 

Sands, si l ts , e_""t6 . ~.~ - ··- ;, , , •• , ••••••••••• • • 0 
Ma inly shale , · s Om.e: candy shale ....... 50 
Se.nd stone; a :nd sha le .................. 312 
Upper sh~ l e member "". : •••••••••••••••••• 810 

: Bi tuminous sM. l e ·:member .............. 1,795 
B'l s11 l Reef lime stone member .......... 2, 035 
Lower shale member ................... 2, 080 

SANS E:AULT ·N0 • l V'iELL 

. · .. ... ~ 

in Feet 

t o 50 
to 312 
to 810 
to 1,, 795 
to 2, 03 5 
t o 2, 080 
to 2,190 

This well ts loca.ted· on the left bank of M<J. cken z.i e River a t 
Sans Sault Rapids., a.pout 10 mile s d ownstrerun fr om Norman We lls• At t his 
site a n anticlina l s.tructur e' is wei l expos ed i n an outcrop of Lower 
Cret!".l.c eous sha. l eS' on ·the l eft bank of the ri ve:r. 

Th~ a~~a l . t r end is a bout north 80 degr ee s wes t, a nd the dip of 
the' strata do e s not exce ed 5 degr et.s . Ea stwa rd closur e a long the strike 
i s . clea rly i J?.d ica.ted , but closur e to· the west is a ssumed but uncert'.1.in. 
Sma11 fau lt s 0re seen in the Cr etaceous outcrops, but it is thou ght that 
t he mor 6 deepl y buried a nd compet ent Devonian limeston e s a r e unaffected. 
This ant icli:nal s tructur e at the wE)ll site is, how-ever , a minor fe9.ture , 
a nd lies b etwet.n t wo maj'or .uplifts, East Mountain a nd V'est Mountain. In 
the cr e st of ther e ma jor uplifts Middle Devonian str a ta are e xposed within 
'l d i stance of 5 miles . The obJective of this well was to t e st thr ee 
horizJns : 

l. The Reef iimGs tone memb er of the Fort Cr eek f ormat ion , r eported to 
be h~ ghly bituminous in outcrops. . . 

• p . 
2 • . The Beavert~il . linwstorie , 11G>rous 'and permea1H e' in tha. t'.'lr~ gion. 

. ' 

:3. The Bear Rock f o rroP.. t ion of f r a.ctuped and brec0i.e, t .ed dolomite , which 
.is oft en P,e·tro lif..erous . It is. corhln'only porous, sometime s 
co.ver nous , e.nd wou l d f orm a n excellent r~ s ervoir. · 
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The drilling di s closed les~ th:ln 100 feet of the Fort Creek 
forma tion . Apparently . t .he r est - ~Qf . th·~-·.l<~Q.r.t .. C!ree.k 'Q _~_<_l.s .. ~d b_een removed 
by e ro s ion befor e the overlying Cr6taceous s t r ata were laid down; h6nce 
t here wa s no reef and this e liminated one possible r eservoir. No oil 
or gas was. encounter ed in the Bea verta fl l:i,.me stone. A forme. tion tes.t _ - ~~~: .. _ '_ 
of the Bear ~ ock format ion y i e lded water only . Analysis of the water 
showed suffi c it-nt sodium ·chloride ·to ·suggest that the Bear Rock dolomite 
at Si:1.n s Snult ca rri es f orrmt ion·water, but in sm11 ll amount . The well . 
was drilled to a t ota l·depth of ·3;2@l·feet and a bandoned. 

· It we..s ·origina lly-pl anned ·to t est the more deeply buried 
f orrm.tions in t his we ll; but ·mechanical dif f iculties, and the negative 
result s obta ined in the· prospectiv~ horizons pe~etrated , r e sulted in 

' ' 

this project be ing abandoned. 

Summa r y Log of c e.ns Sault No. l We ll--Elev ~ 318 Feet 

Formation 
or Group· '. · · · · LHhologr · · · · · · · · · · · Depth in Feet 

cans Sault ~~a i n l y· sha l e s ................. ~ ......... 0 to 1,.337 
Fort Cre ek Lower sha l e member • ..................... 1,337 to 1,408 
Rampa r ts · Be9. vertai 1 lime stone member 

., 
1~408 to 1,845 ........... 

Rampart s Sha le and limestone member . ' .......... l,845 to 2,925 
Bear Ro ck Br eccia t ed d olomitic lime stone ........ 2,925 to 3,291 

Cores wer e taken at the following d epths: 1,409 to 1,424 1 

1,710 to 1,728, 1, 955 to 1, 991, 2,531 to 2,544, 21 783 to 2,801, and 
3, 086 to 3,123 f eet. 

LC CN CREEK NC • 2 V'ELL 

This well site is ab out 16 miles ·upstream from Norman VJ ell s , 
and about 3 mi l ee inland from t he south bank of Mackenzie River. It 
lies in an a rea of low relie f in which there a re no outcrops of b edr ock, 
and no topogr aphic f eatur es th9. t might suggest the trend of the rock 
structure . The location of the well was ba sed entirely.on the results 
of refl ection se ismo gr aph survFJye. These indica ted the presence of a 
structura l high trending eastward ti'cm Loon Cr eek No. 1 we ll. A seismic 
survey ·had pr eviously been ·made ot the region between Loonex No , 1 we ll . 
and L,)On Cr eek No. 1 well, a nd the drilHng of these we lls provide·d a 
check on the ca lcu l a tions. · As a r esult of this work it was possible to 
ma.p a n a nticlinal structure running e'a stward _toward Loon Creek No. 2 
location. Calculations of t he depth to the reflecting horizon indicated 
t hat i t was considerably hi gher at the Loon Creek No. 2 lo·cation tpa.n at 
Loon C·r eek No . 1. Ac tually the Bea v.erta.i l limestone member of the 
R11.mparts form'3.tion was 1,386 f ee t hi·gher structu r a lly at No . 2 wel.l ·the.rt 
a t No. l we ll. Possibl'e oil' r e.s e r voir horizo ns thFit .might be. enc~untered 
were porous limestone or sanrl. stone l en ses in t he ·Fort Creek fcirma tion, e.nd 
a l-so the Bee,r ' Rock formation. The e.nticlina l structure a lso ma.de ·it a. 
f e. vouro.b l e l ocation f or· t e sting the more de ep l y buried ·older f or ma. tions. 
The we ll was dri ll ed to a tot~ l depth of 5,093 feet without favour~ble 
r esult s ~ an0 was abandoned. A forma tion t est was made at 11 804 to 1,850 
f eet. 

Cores wer e t a ken a t the following depths: 1, 804 to 1, 824, 
2,152 t o 2,170, 2,266 to 2,284, 2,630 to 2,648, 3,764 to 3,777, 4,032 
to 4 , 04 7, 4 ,585 to 4 ,·596, 4 ,772· to -4·,·7·92' ·Et'nd· ·&, 077 to 5, 093 feet. 
Hyd r ogen sulphi ne gas was· no·tc-:-d· s:t 2,250. to ?,270 fe e t. 
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Surrm1s. ry Log of Leon Creek No • 2 Wel l--El ev . 493 Feet· 

Format inn 
or Gr oup 

I mpe rial . 
Fort Creek 

Rampa rts 

BeC.r Rock 

Ronning: 

M'l cdouga l 

Lithology ':-' 

Sands , silt s , e tc. •••••••••••••i••• 
S1;1.ndstone a.nd ·sandy shale . •••••••••• 
Upper sh~le member ••••••••••••••••• 
Canyon member, shale and sand •••••• 
L0wer shal e , a nd sand •••••••••••••• 
Beavertiil limes tone memb er · •••••• ~. 
Sh<:i. l e <:url interb~dded limestone •••• 
Br e cci~ted and bedd ed dolomitic 
lime stone; much a nhydrite nea r 
b e. s e .............................. . 

Dolomitic. lime.s.to.ne , ha rd, cten-se and 
· cherty; s treo_ks of anhydrite ne '.:l.r 

the top, and some ~haly b eds nea r 
the base •.• , , • , ••.••..••..• , .....• 

Red s.nd green she. les becoming silty; 
. . . with - ~sum·st~~sks near the bas e • 

Qa1' _S@ries : · ·ro ~lt salt with brown 
_ . . and .g!' een ··shales and siltstones ••• 

CANYON NC • l WELL 

Depth in Fee t 

0 to 150 
150 to 4'40 
440 to 1,100 

1,100 t o 1,210 
1 , 210 to 1, 805 
1 , 805 to l, 940 
1, 940 to 2, 275 

2,275 to 2,615 

2 ,615 to 4 ,610 
I 

4 ,610 to 4 ,775 

4 , 775 to 5,093 

· This well is. loca t ecl on the northea St bank , of Ma ckenzie Rivet , 
'1.bout 15 mi l e f upstr eam f r om Norman Wells , and on the Southwest f lank of 
r isccver y Ra nge , a m~jor uplift. The struc ture at the site is manoclina l, 
'1nd the d i p uf the beds it gentle, . pr obably l ess than 5 degree~. townr.d 
the southwest . The ·1o cA.tion V\'!lS chdc:en ·for ·tne purpose of testing the 
Canyon sanc stone and the poEsioiHt y of f i nd i ng; a . lime:stone : r eef in the 
Fort Creek sha l es . The C'.lnyon sandstone is a .local l ens that has been 
mapped in th e ares. b e t ween Canyon Creek a nn Vermilion Creek, but wa.s not 
!ound farthe r upi:treri.m at the Bluefi sh .No. lA we ll, :nor downstream in the 
N~rman We lls oil field . The Canyon sandstone does , 13:ppa r ent l y , E.::ictend 
isouthwest anc i s r epr esented in the Loon Creek }T o . 2 we ll by some 110 f eot 
of sandy beds. This sandstone hor izc·n .,o~curs i n the r ock sequence 
i mmeriia tely above th Ei b ituminous sha le~ h}~mb er of the Fort Cr eek forma. tion , 
a nn is fu lly deve loped on Prohibition Cy eek wher e , in early est:~:mates , 
a thickn.es's of 300 f e et vras r epQrted, and in p l af,es it shows a sl i ght oil 
saturation . The primary purpose of the Ce.nyon Jo . 1 we ll .was , therefo r e , 
to test this Canyon sandstone wher e mos t fu lly deve loped and at s ome 
distance down the dip f rom its line of outcrop . The we ll was drille d to 
a total dep t h of 2,06q feet . Cores were t c,ke n i;>, t the following depths : 
continuous cores f rom 1,236 feet to 1,363 fe et , a l so 1, 390 to 1,400 , 1, 86 0 
t o 1,874 _. 2 , 027 to 2 1 046 , and 2 1 046 to. 2 1 066 feet . Formation tests were 
made a t 1, 236 to 1, 2 76, 1, 2 76 t o 1, 332 ,, and 2 1 02 7 to 2 , 066 ·. feet . These 
y i elded onl y drilling f l u id, and a s there was · no evidenc e of any f l aw . of 
oil 8r gas , the well was . a.b~ndoneo . The C~nyon sands tone was fine · grnined, 
with m.'lnY sha l e b3.nds , and y i eldec onl y a n odour of petr o l eum . 

For nm.ti on 

Rec ent 
Jmperia l 
Fort Cr oek 
For t Cr eek 

Summa~y Log of Canyon No . l We ll--El evation 310 Feet 

Litho lo gy 

· E an~ s ~.nd s i 1 t s '" ~ •• , •• ~ ~ ~ ~ ._ .•..... · ..•.•... 
Greeni sl:l ~ and stone anc1 sha l e •••••••••••• • 
I'':l. rk gr ey ~ha l e with limy b!3.nds •••••••••• 
Canyon sandstone member; fine- gr ained sand-

stone and sandy sha l e ; c erta in streaks 
h"ve a. strong petr o l eum odour ••••••••••• 

Defth in 

0 to 
10 to 

325 to 

1,231 to 

Feet 

10 
325 

1,231 

1,3.28 

' 



Fo:t-t Creek Dark gr ey shale wi:t;h ,fi~me se.ndy shale • , 1,328 to 1,585 
Ble.ck bituminous sht:;:'i'e.with limy streaks 

a.nd some pyrite at the base ........... 1,585 to 2,025 
Ramparts Bea. verta.i 1 limestone member. ............ 2,,025 to 2,,066 

JUDILE we .• 1 WELL 

This well ~~s located on 'the northeast bank of Mackenzie River 
about 30 miles downstree.m from Norman 1Nells ~ In that vicinity, on 
Judith and Perry Islands, anomalou s dips in Cretaceous strata suggested 
local fo lning . Gravimeter survey parties 'reported gas tha.t would burn, 
in seeps on the right bank of ~fa ckenzie River near · the well site. 

A seismic survey party reported simil~r gas in shallow (50-
foot) shot h oles on the l eft bank of the ~iver, opposite the upstream 
end of Perry Island. A study of the geolo gy in tha. t locality showed 
that ther e were ·thr ee po ssib l e reservoir horizons, cominonly bituminous, 
underlying the site selected ; and' that these horizons 19.y at reasonably 
shallow depth and could_ be t e ste d by a hole 3,000 feet deep. 

1. The Reef limEstone of the Fort Creek forrmtion is the shallowest. 
It outcrops and is quite thick in the Hoosier.Ridge structure . 
nearby, but on the opposite side of the river. 

2 , The Beavertail limestone · member of the Ramparts f ormation is 
r eported to be r eef-like and bituminous in that region. 

3 . The Bear Rock for!m. tion was porous and permeable in the Morrow 
Creek and Hoosier Ri dge wells , but carried water only . It ·was 
thou Eht, ho~eve r, it might ca rry .oil i f drilled on a structural 
trap . 

The well was drilled to a total depth · of · 2, 815 feet . ·No oil 
or gas was encountered,, and the well v.ras .abandoned . All the objecti.ves 
were penetr a ted without favour able results. The depth to the Bear Rock 
formation was cnly 50 feet less than·p~edicted ~~ ~he.projecte~ logt,, A 
conside r ab l e thickness · of ·Reef ·lirnest'011e was·· encoun'tered in .the Fort Creek 
formation, but it yit:ilded·no·ei il. ·Likewise the Beavertail member of the 
Fe.mparts formation o.nd the Bear Rock for:rra tion apparently l1aa no appreciable 
porosity or pe rmeability1 and·were·b~rren~ ......... . 

Summary Log of Judile No . 1 Well--Eleva tion 437 Feet 

Formation 

Rec.ent 
Cretaceous 
Imper ie.l 
Fort Creek 

Bear Rock 

Lithology 

Sand s , s i l t s , e t ·c • • •••.•• · •..•...•••••.• 
Sh,:::\.les, . mainly•••••••••••••••••••••••••• 
Sandstone, ma.inly · •••.••........ • •.••..•• 
Upper shale memb·er •••• ~ •••• , •••• , ••••••• 
Bituminous shale member •• , ••••••••••••••• 
R.ee:f l:l,mestone me?nber ••••••••••••••••••• 

'Lmver sha l e member •••••••••••.. .- •.• • •.. • 
Rea.verta il limes tone member •••••• , • ." •••• 
Lower sha 1 e merrib er •••••••••••••• ; • , ••••• 
Dolomitic limestone a nd a nhydrite ••••••• 

CANYON NC • 2 1/'JELL 

Depth 

0 
60 

315 
6~3 

. 1,252 
1,305 
l,' 835 
2,306 
2,500 
2,608 

in Feet 

to 60 
to 315 
to 653 
to 1,252 
to 1,305 
to 1,835 
to 2,306 
to 2,500 
to 2,608 
to 2,815 

This well W'J.S located· on the right or northea.st side of 
Ma. ckenz1.e River about 18" mi l e s upstr eam from Norman Wells .. and a.bout 2 
miles back from the river on Prohibition Creek~ This genera l aree. lies on 
the routm"f.·st f'l"lnk of Di scove·ry Range , which forms the southwest limb of 
fl· major up l i,ft . The· underlying str a ta in the vfoinity of the well site are 
Upper Devoni Bn in age , an<1 ha-rre. a inonocliMl dip of about 7 degrees to·ward 
the southwef t. 



The s o le o b jec t of thi s well we.s to t est the Canyon sand stone 
member of the Fort Cr eek f ormation. The Ca ny on sandston e i s kno~m t o b e 
a l ens of ver y limited n. istr ibut ion . and it outcrops on Proh i bi t i on Cr eek . 
At thi s ou t cro p t h e s a n dstone , wi th numerou s i nt erbedded sha l e ba nds , vm.s 
ori gi m.l l y e sti mat e d t o ha v e a consid er ab l y gr ea t e r thickness t han i s 
f ound i n the Ca nyon No. 1 and No. 2 wells . I t also shows s ome oil 
so.t11r 'l.tion, e,nd was described o. s a.n oil s and. Showing such evid ence of 
the pr e senc e of . oi l at the outcrop a nd 1n Canyon No. l we ll, it was 
decid e"l. to te s t t h e a rea between, i n the hope tha t a l ens wit h oil in 
commerci a l quant i ty might b e found • 

The we l l was dr ille d to a t ota l depth of 805 f eet . The Ca ny on 
sa n d s t one W'J. S encounter e d a t 66 7 fe et, Cor e s wer e taken a t 664 t o 765 
f eet continuou s l y a nd from 795 t o 805 f eet. Alth ough s ome o f the mor e 
s':l.ndy but th i n ba n:ls showed a s li ght satu:ra tion of light ·petroleum the r e 
wn.s nu f low, !J. nd a f 0rmation te s t y i e ld ed d rillin g f l u i d onl y . Consequen t l y 
t h e wel1 W8. S a.ba ncl oned . 

A s in Ca nyon No . l wel l, t h e cores of the Canyon sa ndston e . 
s howed t h9. t the 1:1 r on.--i c e ou s b eds wer e ve r y f i ne- gr.aine.d , ·wit h much sJ:-\..a. l e 
i n t er bedde ':l. . Th i s l o ca l sa ndy memb er of the For t Creek forma tion was 
appa r ent l y mu ch ov er r G. ted as ~ po ssible pe trol e um r eser vo i r, and ther e 
seeme ~' to b e no c l o sur e of the s a ndy l ense s on the up- dip side of the 
mon oc l i ne . 

Summ<J.. r y Log of Canyon No • ~ Well-.El eva tion 463 Feet 

F'ormG. t i on 

Rec ent 
Fort Cr eek 

.. 

Li tholo gy 

Se.nds ~ s i l ts , e t c • ••••••••..•.......... 
Uppe r s ha l e member ••••••••••••••••••••• 
Canyon s~nd s t one memb e r ••.••••• ,•r • •• .• • • • 

DarK gr ey eha l e , some bla c k and bitumin-
ou s .............................. • . • ; ... 

SlJl\.ffil'!ARY AND CCNCLUS IONS 
. ,;. ,. 

Depth in Feet 

0 to 10 
10 to 667 

667 to 76 0 

760 t o 80 5 

Ind i ce. t ions qf pet-r oieum i rf t he r ocks along Ma cken .ti e Ri ve r -- we:r4e 
noted b y :McCo nn e ll '" in h i s r epor t of 1888 -8 9 , a nd oil s ee p5 on the north 
bank of t he ri vE:l r l e d -W o t h e staki ng of c h i ms a t : t~orman Well s in 1914 . 

In 1 920 .the ,f.·i r st well 'was_ .Ar.ill ed a:nd: 
d isco ver e d , Lo. t e r . . a .sm9..l1 r ef i ne"r y_ '/'fl.S. buil t t o 
f or motor fu e l, *'' • / \ • I 

,. l . 

oil i n c ommerc ia l qua n ti t y 
·s upp l y t he l oca l d ema nd 

Pr io r to t~ e $tar t of the -~anol Proj e c t in 1942 , f our produ cing 
we ll s had been 'd ri llE.d •. The se ¥rere su_f:( i c i <mt to supp l y the loca l dema.nd. 
Dist9.n.c e from o'utside nw.rk et s pr 'ecli,lcfed a ny e xpe-ns i on i n that di r e c t ion • 

. - .. ' . 

Und e r the Ca~o l Pr o je c t · si xt y produc t i ve we lls a nd three dry 
holes wer e dri l l ed in _t l).e .Nor m'3.n We ll s f i e ld. The No . 1 Disc over y well 
ha d b .s0n p l u gged ci.nd abn.ndone d i n t he summer of ·1 944 1 b eca use it had gone 
l a r g Ei l y t o gas q_ nd wq s loca t ed onl y 150 feet from the No . 2 we ll, so tha. t 
wh en the Cano l Pr oje c t wa s t e r mi na t e d ther e was a tot a l of s i xty- t hr ee 
potenti n.lly productive vrn ll s in the proven fi e ld . The se we ll s c omp l et e l y 
outline d t he pr oductive n r ea , and 5howed t ha t it ex t ended b eneath the 
river and a cr o s s to Bear a na Goose I s l ands . 

The oil occu r s i n th e Reef lime s t one of the For t Cr eek forma t i on . 
The str u c tur e i s monoclina.l , t he str a t a di p a bout 4 degr ee s towa rd the 
south or southwc: st , a nd the oi l i s c o n ta i ne d b y A.. str a.tigra :phi c trap ~ the 
ree f wedgi n g out up t he dip . Accor ding t o l a t e st esti mate s , the pr oductive 
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section of the reef covers an area. of approxirmtely 4,010 acres of 
which 1,870 a cres underlie Mackenzie River. The true reef, with 
saturated sections ve.rying from 0 to 388 feet thick, attains a maximum 
thickne ss of 400 feet. 

Th i s true reef has grown on a barren, basal limestone about 
100 feet in thickness, fl.nd extends over a wide area beyond the limits 
of the productive field . Oil saturation in the r eef is irregular both 
horizonts.lly and vertica lly.. It is estimated that a total of 460 of the 
1, 870 acres covered ~y Mackenzie River can be drained by directional 
drilling . Th i s gives a tota l drainable area of 2,600 acres in the proven 
fie ld, Early e stirm tes of r ecoverable oil re serve s of the Norman Wells 
field were of necessity by the porosity-area method and were based largely 
on assumptions. These e stimates varied a.11 the way from 30 to 63 million 
barrels. Drilling and production of oil f or the Canol Projects ended in 
¥.a rch ·1945, a.ft er which a bottom hole pressure survey was ma.de of the 
field . ~'i th the aciditional data available from this survey an estimate by 
the presrnre..:..decline method gave approxirre.tely 36,250,500 barre.ls of 
r ecoverab l e oil res erves . When the Cano! agreement was terminat€df the 
field wqs producing at the rate of about 4,000 barrels a day. With the 
end of t he contra.et, the. pipe line and the r ef inery at Whi tehotse. ~e.a.sed 
operations . This · clos ed th~.o~tlet for the bulk of the crude. Estimates 
of crude requirement $ for the local refinery, to supply products for the 
local Jmrkot in the coming year, are only 75,000 barrels, plus crude 
requi~eme~t s of the Norini;t~ . Explore. tion . program. '· ' '- \ ... .. 

To reach ·outside rre.rkets and meet competitive prices, the 
de:ve lopment . of p.eko·l'eum on an economi c basis · in Ma ckenzie River Valley 
is . dependent on t1nding oil r eserves in sufficient .quantity to justify a 
l~rge pipe line . · The distance from outside mi.rkets is so f ar and the terrain 
so rough and difficult th<:1t transportation costs will be high. The per 
barr e l cost can only be cut down by large. scal e production sufficient to 
a ssur e ~ supply of 40 to 50 thousand barrels a day. This production would 
h9..ve. to contirn,\e 9.. ·SU'ff i:crte·nt tirrie' to permit earnings to amortize capita l 
expenditures and inter est charge s as well as co sts of opera tion and 
maintenance. It is for this reason that the Norman Exploration Branoh of 
Imperial Cil Limited have continued the .. s earch for new fields, by means of 
geological and geophys ical surveys as well a s by exploratory deep wells , 

The results of wildc9. t drilling to date h!1.ve been extremely 
disappointing . The bituminous nature of ma.ny of the bed s and the occurrence 
of petroleum seepages gave reason to beli eve that a CCUIJlulations of 
petroleum would b e discovered when drilling .t ests ·.were made in favourable 
localities. Di f ficulties of transport a t present r estrict freedom of choice 
of drilling loca tions. For example , summer locations must be made close 
to navigable rivers; t his practically means close to Mackenzie River, 
because few tributary streams are navigable, with heavy equipment, tor any 
appreciable distance, Tr a ve l overland in summer is not feasible, as the 
iower Mackenzi e Valley i s l a rgely muskeg, and road building costs would 
be prohibitive unl~ss the success of drilling opera tions were assured. 
Consequently, €xp loratory drilling any appreciable distance from Mackenzie 
River must be done during winter when the ground i s frozen. This in turn 
means t hat a base camp must be e stablished a t the nearest point on the 
river, ~nd a ll heavy equipment and supplies shipped there by river• boat during 
the seas on r .f river navigation . All this slows up work, a.nd there are still 
a few known f avourable locations that are planned .to be tested. 

Sever a l of the exploratory wildca t wells have been drilled on 
monoclinal structur e s in the hope of finding stre,.tigra.phic traps. In 
most instances the se locations were drilled as a r esult of gravity or 
depth anomalies discovered by geophysical methods . Although the tests 
have been ·unsuccessful, they were necess'.l.ry in order to explore all 
possibilities. · 
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The Bear Rock f.orm.a:tion of Midd le Devonian .age appears to be 
the most promis~ng reservoir horizon . It is essentially a dolomite with 
co~rse breccia in p l a c es ~nd in places i s pet~olif~~ ous . In the outcrop 
11.t least , it i s commonly very porou s and in p<:l r t cavernous. It is fairly 
regular in thickness .and widespr ead in distribution. Cons equently high 
hopes were entert"l. ine.d of finding oil accumulat ions in structura l t r a ps. 
The r esnlt s so f"l.r hn.ve been negative , and the only indication of high 
porosity was ~t Morrow Creek No. 1 well where ·the Bear Rock. forrna.tion 
y i e ld ed a lar ge fl ow of war m sulphur water. In other wel l !?. dri.lled on 
known structur al h i ghs the Bear Rock dolomite appe~red to have low 
permeA.bility a:q.d yielded no oil 9.nd little or no water • . For comparison 
~- surmn.ary log of a typica l well .in the pr oven fie ld is given . ' 

Summary Log of Bear Island No. 5 We ll--Elev . 296 Feet 

Formation Depth i n Fe e t 

Glacia l and Recent 
Cret ac eous 

(Undifferenti9ted) 
I mperi9.l 
Fort Creek, 
Fort Cr eek 
Fort Cr <:ek 

SQ.nds , clayc, etc. ••••• ••••••• 
Mainl y sha l es ••••••••• , ••• , •• , 

Sandstone and sha l e ••••••••••• 
_Upper sha l e member •••••••••••• 
Bituminous shale member ••••••• 
Reef limestone member ••••••••• 

0 to 
240 to 

340. 'bo 
.. ·:· 850 . to 
1, 595.to 
1, 725 to 

240 
340 

seo 
1,595 
1,725 
2, 056 -t-

On Mar ch 8th, 1 945 ,· when a ll dril li n g and oi l production for the 
Cano l Project wn.s stopped , the following was the status of the we lls 
comple ted in this r eg ion by Impe r ia 1 Oil Limited, or under their supervision : 

Cn.nol Imp. Oil Ltd. Imp. Oil Ltd . 
Project We lls P.r-6l - Canol Wells Norm<tn Exploration Tote. l s 

Producers 60 4 64 
Ed ge well 

f a ilµr es 3 1 4 
Wild co. t s 4 1 - 4 9 

Totals 6 7 6 4 77 

On October lst 1 ·1 945 , the wildcat drilling program of . Imperial 
Oil Li;ni t ed ha.d ext endeC. the area tested and added 9 to ti1e . number of 
completed wi l d ca t wells , giving a t ota l of 87 wells drilletj: ·in this re gior . • 

Al thou gh thEJ .dr.illing to date in M'lcktnzie River Vf:llley has 
di.scovered no oil fi e ld s other tha n the Norman We lls pool, it cannot be 
sa id that ·the r egion hP.S ~een ~dequate ly tested . Thc · e.rea to be explor e d 
i s l a r ge , and ·not only ~cn1tA.ins rocks in which petroleum commonly ori gir).ates,. 
but dir ect evi dence i n the fo r m of oil ,seepage and saturation occurs in 
many p l~ces. As recently as the summer of 1945 , a s ee.page of tarry oil was 
discove r ed .some 60 mi l e s north of Fort Go od Hope. It occurs on a hillside 
covering sever al hundred squar e feet a nd can be seen from a p_lane. This 
seepage ha~ ; apparentl y , b een known to loca l native trappers for a long 
time, a nd .me.y b e the tnr spr ings ment ioned by McConnelll, .but whi ch he did 

r-
YcCo-nnell, R . G.: Geo l.; Surv ., Canada , Ann. Rept . vol. IV, pt. D, P• 31 

(1888-8 9) . 

not visit because of their distanc e from the river. 

. Any r egion wi t hin easy re!'. e h of Im rkets a nd modern t r ansportation 
faciliti es , showing similar promise in the way of o il s eeps and bituminous 
m<:>.tter in the rocks, would certa inly h9.ve been much more thoroughly tested 
y ea r s ago . 
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