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MICHIGAN DEVELOPMENTS LTD.
P &N.G. PERMITS 5411 & 5412

SCALE IN MILES
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THIS 1S AN UNCONTROLLED MOSAIC AND SHOULD NOT BE TAKEN AS AN
ACCURATE TOPOGRAPHIC MAP.




&

S By B

e R e e

o
e

A s e A A i o AR o s s SRR o

b

o

ok

Al R Y AL A G SRS it it AN St o i i

PROBABLE BASEMENT STRUCTURE

SURFACE OF BASEMENT—

REGIONAL BASEMENT—

FRACTURE INTENSITY CROSS SECTION

HIGH

NORMAL

LOW

MICHIGAN DEVELOPMENTS LITD.
P&NG. PERMITS 5411 & 5412

SCALE IN MILES
1 0 { 2 3

o — —

TR RN RN Al kT e

AN YRCYR

- ARV IR AR IR Tor




]
PROBABLE BASEMENT STRUCTURE
SURFACE OF BASEMENT
REGIONAL BASEMENT—

Bl

HIGH
’ NORMAL
FRACTURE INTENSITY CROSS SECTION

LOW

MICHIGAN DEVELOPMENTS LTD.

P&N.G. PERMITS 5411 &

SCALE IN MILES

] 0 | 2

5412

[ — m— -




PROBABLE BASEMENT STRUCTURE

/—SURFACE OF BASEMENT

REGIONAL BASEMENT—

FRACTURE INTENSITY CROSS SECTION

LQwW

. MICHIGAN DEVELOPMENTS LTD.
P&N.G. PERMITS 5411 & 5412

SCALE IN MILES




i
1
i
1

&

Sty Rk

o e o

EUTE S S

W & i v o

S i

MRS P L e S B

PR I
x eneleneses

R

AN
e et oy

oo asasasats

I

S

. .-u.uu.u 20200

0 0
20 20%%5% % "

820%e%e%e% 0 e"s"a%"%

B Rt

e

o




-
%
a
e
a;ﬂ

o iR

62°20'

LR 225

e e

v 62°20

el .
SRR

EREXX
o5

o%e%s

RS

e

ol
et

et

P
ool
o

e e R0

X
0% "

A1)} e

123°30

.

'MICHIGAN DEVELOPMENTS LTD.

P&NG. PERMITS 5411 & 5412

MEGA FRACTURE PATTERN

SCALE IN MILES
0 | 2 3

Aarpeu







MICHIGAN DEVELOPMENTS LTD.

. P&NG. PERMITS 5411 & 5412

TOTAL FRACTURE PATTERN

SCALE IN MILES
1 3

NORMAL DENSITY HIGH DENSITY

VS TR PR

»




,"% on
a
o WA, TANABA
faits &
‘“N‘vé




GENERAL GEOLOGY, GEOMORPHOLOGY

AND

FRACTURE ANALYSIS SURVEY

P.%N,G, PERMITS 5411 and 2412

. ROR

MTCHIGAN DEVELOPMENTS LTD,

RY

WILLIAM G, CROCK, P, GEOL.

G\GAL & EVALU“)
/,

Resource Management Division 01’

JuL 9 1968

/0'” OTTAWA, CANADA

1\
2n Affairg & Nor\““"




ATOMORPHOT.ONY
ATACTAT, ARATIRES
STRATTARAPHY

SMRITYPIIRAT,
MTRACMITRT

ANMATVE TS

ATMTRAT DTSATIICSTON

TNDEY

nEOT.ONY

RTLA AR {\M'\TV”T.O OR TRMTMS = and NI Ee]
CMRTIMYITR T
DRI ION YR
TN G DER
MOSATY WITH WRACTIRES
TOTAT, REACTIIRE MA P
MECD RRACTIIRE MAP
1 3
MRACTURT AROSE S EATTINANE A=A Hal

P

e

e




R nee nf the Franklin Mountains,
1 mile wide 2alone the eact

thn Ma-Krn-ie Plain, The avea

Wicseconsin time but

seen on the aerinl rhoteo~raphs ov

striations tormed hv olacial

Rance does net “how any evidence

The North Mahann! River

werct ='de of Permit No, H411 and

mosaic area 1z droined by thirs

the mosaic area 1s drained bv the

This stream flows northwarde and

north »f the Permit area, The

passes within 1 mile of the

this portior of the mocails, SHome

Mfamsel Ranee flow dirvectly
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~1de of the Perm'te 1o
wan
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stream,

Jjotine

Root

rortheact

ma jor rivers are controlled by ctructure,

GEOMORPHOLOGY

The Permits 5411 and 5412 are located in the Mamsel

Onlv a north-couth strip about
located withinr

completely clactiated durine

~f this rln-tation can he
mncate, Only minor crooves and
n “an he ~eaen and the “omoel]

~f alptne olaciation,

1ows <counthwards throach the

oot of the couth part of the

The northwest nortion of

headwaters of Jarloon Creek,

the Koot 20 miles

R uver

River swinee to the conth and

‘orner of the area and

“mall ~reeks along the eact side

intc the MacK-nzie River, The

arains



. NLACI/L FEATURES

The curface of the area has been modified to come depree
by the passage of the claciers and their subsequent meltine, The
bedrock 1teelf, however, prohanlv dld not exert any influence on
the ice flow p~ttern or the direction and pattern of flow of the
meltwater streams, There is a possibilitv that the ctronc
lineations were present before glaciation and that the placial
flow simply took the line of least resistance and t'ollowed
pre-exictineg 11neations, The net effect wonld be an accentnation

of the pre-glacial trende,

Sma21l moraine belts are nrecent thrournout come of the
‘ mosaie area, Nearly all of these 2re maturelv diccected bnt the
typical knob and kettle topographv remains on th- east side of the
mosate, The kettle lakes are very emall compared to other lakes
in the area, often the cmall depreccions ~ontain no water at all,
The knob hills Aare usually low and well ronnded, The moraines are

not as larpe or as conepizcuons as those in the Province of Alberta,

Srattered throughout the moraine are countlecs dromlinoid

fforms, These are formed near the edege of the moving clacial tce

| and are parallel to the direction of movement of the ice, They
are usually less than 0 teet high and several hundred feet 'n
length, True drumlins are a distinct easily recognized shape, but
in thie area post-placinl erosion has obliterateua most of these

. features and no "drumlin ftelds’ areprecent, Drumlins are almost




always composed of glacial till material and in their uneroded
state are good indicators of the direction of ice fliow, Many

are present in the northwest corner of the mosaic,

Transvevse ridee 1s the term applied to all drift ridges
formed at rieht angles to the directton of ice flow, M=anv of
these features are present throughout the two Permits and good
examples can be seen in the east side of the mosaic, Thev are
rharacterized by being short in length and are seldom more than a
faw tens of feet in height., These features often occur as small
ridees 1n drumlin fields and are at right anpgles to the long axis
of the drumlins. On aerial photographs the transverce ridges

~1ve the terrain a crosc-hatched appearance,

Ice block ridges are nsually seen in rlanriated areas
but none can be seen on this mosaic, TIf they were once precent
thev have been removed by erosion, Tvpilecally they are esmall ridges
which surrcund or nearly surround irrepgularlv shaped deprecssions.

These ridres were formed in cracks between ice blocks into which

ahlation material was cloughed as the individual tce blocks

me lted.

Perhaps the most strikine slncial feature anvwhere 18
the esker. These are long, sinuous rldees of cravel and till lald
down by sub-glacial drainapge streams, Some can be traced for

astonishing distances - over 200 miles on the 0anadian Shield,

They roughly parallel the direction of the ice flow within the




= i =

mosalc area several short eskers can be identified but post-glacial
erosion seems to have removed most evidence of their existence,
Esker streams often erode channels through the bedrock where the

bedrock forms a slight high between two low areas,
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. STRATTIGRAPHY

Permits 5411 and %412 are located less than 2 miles west

of the Camsel Bend on the MacKenzie RRiver, They lie about 53
miles due south of Wrigley, and atout 75 miles northwest of Rort
Simpson, The North Nahanni River flows along the western 3ide of
Permit 5411, The Permits are covered primarily "+ th: Camsel
Range ot the Franklin Mountains with only a strip aboit 1—1/?
miles wide along the eastern cide of Permit =412 and the northern
half of 5411 being located on the MacKenzie Plain, The surface
topoeraphy 1 consequentlv anite rugped with elevationt ranging
from less than 500 reet on the MacKenzie Plainsg to more than 3,500
feet along the eastern scarp of the C2msel Range. Most of the

. camcel Ranpge lies above tree line, The MacKenzie Plains are also
nresent west ot the Permits, The MacKenzie Plains are generally
covered with trees and scrnb brush, They are underlain bv the
shales, sandstones and carbonates of the Jpper Devonian {ormations,
The MacKenzie Plains were sub jected to continental eslaciation in

this region. The Koot Kiver joins the MacKenzie Rlver about 6

miles east of Permit 5412, The Permits have received no drilling

drilled in the

however there have been some scattered wells

general vicinity. @PC Tenneco Koot River T-60, located in 620,

4o' N,, and l2?0, 15" W., liee about 11—1/? miles north-northeast

of Permit 5412. B.A. H.B. Koot Kiver No. 1, located in 527,

and 1239, 1A' W., lies about [ miles east of Permit 5412, B.A.

H.B. Lone Mountain No. 1, located in %20, 10' N., and 1229, 56' W,

1ies about 18-1/2 miles east of Permit 5411, while B,A, H.B. Lone




|

. Monntain No. 2, located in ‘590, 08' N., and 122°, LO' W, 1ies
about 27 miles east of Permit 5411, Regional isopachst and facles
maps along with published geologlcal reports have been need to
ontline the general stratipgraphic sequence which can be expected

to unaerlie Pemts 5411 and 5412,

CAMBRIAN
Roecks of Cambrian apge are not evposed in the "ameel
Ringe nor 1in the MacKenzie Monngaine wnicn lie a <nort dlstarce
west of the Camcel Kange, Dave R, Kingston has mapped a cequence
of Ccambrian sediments at a location alone the “cnth Nahanni kiver
which lies abont 85 miles west ol the Permigs, The section here
is brought to the surface hy cranite intrusives, Thev are also
. exposed at a nnmber of loc~ntions in the general Norman Well® aren,
A comparison of the C“onth N2hanni kiver ancgion with the Norman
Wells exposnres shoold provide come !fdea ol the sedlmentary

cectlon to be expected under the Camsel Range,

KATHERINE GRCUP

The Katherine Groun which renresents the e~rliest
Paleo70t e sediments in the Norman Wells region are named f'rom Aa
certion expcsed in the Upper Zarcajou Kiver area, which lies abont
45 milee west of Fort Norman, The cectlon exnosed consists of
interhbedded anartzites and black nlatey shales, The chalez are
green, chocolate and bhlaclk colonred with the hlack bheing nlatey

and biguminons, They are conteineq as interbeds in the qnargzites

which are cenerallv pink. but't, rusty =nd wnite olonred in outerope.
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The top of the Katherine 1 placed at the bace of 2 chocolate
coloured <hale sequence, The base of the Katherine was not ceen,
leavinge the total thickrnecs nnknown, To date no wellc have

renetrated the Kntherine,
MACDOUGAL GROUP

The type cecrtion of the Macdoural 1z locateu about 490
miles west of Fort Norman in the Dodo Canvon of Macdoug=l Creel,
At the tvpe section the Macdoupal 1s divicable into a number of
formations which total 007 feet in thickness, The bhase 1s nlaced
a2t the bottom of a 130 foot thick chocolate brown chale, while
the top 1¢ plared above 50 feet of evenly bedded 'imectone with
shale partines, Litholecrirallv the pronp consicge of interbedded
limestones, eandstonec, redalsh colonred pvpcsum, bhlack.
petroltterous shales and preen, red and ~horolate coloured shales,
Landon marped the cection gt Tmnerial River whi h 19 20 miles
northwect of the tvre =section, The Imperial “iver section 18
1.820 'eet thick, with the bace not evposed, The lower part of
the cection consiage of tan “andetones and with minor ~mounte of
maroon and creen shale, Atoot 1,280 feet ahove the hase the
certtor hecomes conericnonely snaly, There 1o a & oot bed of
prev, non-fossiliferous limectone located 1,500 feet abcve the
base, Mhe upper shale 'nit contains 2 considerable qnantity of

rypsum and the top beds Aare crinklv and airtortea, Taon

~onctders this as nossinlv dne to colnglton of the cypsim reculting

tn ~ollapse of the snhales, Overlying the Camhrian M=acdougal are
about 2P0 feet of tentative Tambrian limectone anada “hale hed:
1

They are separcted “rom the Macdonpal v on nneontermity and f'rom

the cverlving Ronning bv onother nnoonformity, The limestones
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to black and erey limectones with some dark brown <hale in the
nprer portion, The asection differs from the Tmperial River
csentton tn that 14 ~ontatns much more limeetone, indicatine a
deeper water denosit forther removed from the source off the
nlasgiers, The limectonec near the base are massive, =iltv and
reddich-brown while in the mid rortion of the se-fior thev are
mainlv brown with fine shale laminations, Towards the top theyv
herome tan £0 orey and coorcelv crvstalline and ffinallv the nnper
bed 1s a macetva, hlack, medinm crvstalline limestone, The
cention was described bv Kinesgon as consfcfine of 2 nomber of
meeacverles noasisgine of 2 basal l'imestone overianin hv A shale
and siltstone cequencs nd topped of'f hv a candstone laver, The
shales and =s11tctones are maroon ~olonred and nreceng n fine

1minations in the lower half of the se~tton., while Tn the nnrper

half thev range from maroon to reddish-rvellow to vellow to brown to

~horolate ~oloured, The sandctores 2ve mainly tan to brown and
medium to coarse erained, well sovted rock~, Thev are ceneprnllv
hard and well cemented. srading to sedimentarv quargzites In parg,

Loral arpes-heddine 18 nresent ag are ~onglomerages, hoth of

wnt-h tndt - age shallow water denonition,

Raeal cande, stltstones and <halec with come cvnsam of
cimilar 11tholnrtal ~harasterictics to those described at Norman
Wells and “onth Nahannt River are deceribhed by pougrlags and Morri«a
1n the Hovn River sven, whizh llec to the east o Permite S411 and
L1, They did not determine their evact are bhot congtdered them

[§

as Ordovician or older, Some of the =andsotones sre noted to bhe
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quite a friable, porons, lonselyv consolidated nnit,

The “entione of Cambrian rocks decsaribed above indicate
that Permits 5411 and 5412 should be underlain by rocks of
fambhrian age, Subcurface control for this interpretation 1s
present in KPC Tenneco koot River T-A0. which 1s about 17-1/?
miles northeast of the Permits, The lower HEO foaf nf this we !l
was drilled primarily in red and green chales with come dark prey
cshale ir the middle nortion of this Ingerval. There are fcattered
red silts throughout with “ome thin red =sanastone ctrincers near
the bace with some hematite. Canadian Sgratipraphic Service TLGA,
have nlared this sequence in the Pre-Cambrian, The operator of
the well placed 1t elther in the Cambrian or Pre-Combrian, On
the hacis of the litholoeical =imilaritv bhetween the camnles and
the previonsly deserihed Cambrian sections, Aas well an
geooraphical locatior 1t 10 placed hv thic writer with
regservations 1n the Cambrian and the well 1o not considered to
have reached Pre-"nmbrian rocics, Mhe AP Tenncco Koot River 1 -H0
well and the Permite in question are internreted 25 lvine on the
enstern lanks of the 0amsel Rasin rvecnlgine in a »apidg thickening
of all sedimentarv cequences in 2 westwara direction, n spite
of the nredominately cnale section in the WPC well 1t 1s ffelt the
cambrian in this area chonld —contain porous snoveline sands, bar
3ands as well as sands onlapping Pre-Cambrian hiehs, Similar csands
are found to be prolifis nroducere in the Kea Karth Creek and
Utikuma Take areas ol northern Alberta, The delineation of

prospective areas for enconntering such sands i¢ dependant on 2




knowledre of present Pre-Cambriasn structure as well as its
topographin evpression during the deposition of the cande,
oravity meter and airhorne magnetometer survey ould be nced to
r0od Aadvantage to lorcate areas requiring more detatled exploration
such as a setamic prosram, In view of the relativelv shallow
depth 1nvolved nlus the posaibility of lceatingr major reserves the
Aambrian chould be evalnated by any welle drtlled in this region,
Tnvolvement of Cambrian sands In anticlinal sgructores conld also
provide a trap of ma ‘or proportions.

Qince the Saline Kiver Salt is ~o whideeprend there 19 a

distinct possibility thot the Pormits nnder review are underlain

by 16. Solution of this snlt creates the possibility of salt

structures bheing present in the overlving carbonates o raovitian
Silurian and pevonian age, Calt structures have been f'ound
produertive at kKainbow TLake in Alberta as well a8 tn coutheastern
aaskatohewan, The ~rinklv, dicgtorted shales mapned b Landon A%
Tmperial River ma) he a pnrodoet of @21t removal rather than cvpsum
solution as was sueceested by him, o wae mentioned previouslv.,
the brecciation of tha nverlving Konning ~arbonates at varionus
onterons mav he dire Ko removal of the Saline River ©alt
solution. The Middle vevoninan Bear Kook Formation 1s Aalno widely

precatated whish mav be aue to 1 later sgape of daline River S571%

removal.,
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ORDOV ICTAN

SUNRT,00D FORMATION

The type section of the Sunblood Formation 1s on Sunblood
Mountain, which 18 loecated on the Uprer South Nahanni River,
Kingston det'ined the Sunblood Formation as the term for the entire
Ordovician section in the area, Theyv consist of 2,500 “eet of
dark prev, relativelv massive, nodular limestone heds at the type
seaticn, Dourlas and Norris ot the G .7.0, moditied the Sunblood
Formation at the tvne cection in 1950, The thicknecss of Sunblood
a8 measnred by them o 2 400 feet and Cotal]l evidence nlaces the
are of the tormation as Midaqle Ordovician, They identitied and
mapped 2 further 2,530 feet of Middle Ordovician rocks wnich lie

ahove the Sunblood nnd form the din slope of Sunblood Mountain,

Rocks of Sunhlood are are exposed on “hittaker and

)

Delorme Ranges., whicn lis 24 miles wect and “2 miles northwect
resnectively of the Permits, The bacal 24C f'eet beds on Whittaker
Range are composed of nrenaceour, delomitec: 1ipht rrev, t'ine to
medinm grained, interbedded with candetones, darls crev and medinm
prained, Overlving this nnit 1o a2 235 toct ceanence of thinly to
thickly bhedded limestones whicn are fine crained ana esreyv 'n
olonr, This unit 1 in turn overlain by ABO feet of reddish
orange to brown'sh-rrev Ingerbeds of fine to medium grainea, candy
to =11tv limesktones. and tine grained dolomites and dolomitic
candstones. The uppermost 260 feet ot thicr cection consiste of

qark prey, fine esrained limestones and caleareons ahales, The

pDelovme Range section consists of 1,500 teert of beds of «iltyv ~and
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sandy dolomite which are medium crey, fine to cryntograined,
interbedded with thinlv hedded nale brown, fine ecrained dolomitic
candrtone, As was noted above the tvpe ce~tion of the “unblood
1e overlain by an additional 2,520 “eet of Mtddle Ordovicinn
rockks, Thev consist ot massive to nedium bedded, fine to cryvpto-

sratned dark prev limectone with minor Interheds of dark prey

shale, stltctone and sandstone, Abont the midale of the formation
there are “everal massive heds of medinm to conrse pgraineo. 11 eht
orey dolomite, Peds of similar ace are founi about /1 miles westg

of the fouthern bounaary of' the Permite, Theyv are exposed along

Nlearwnter Creelr and involved in the Clearwater Koult,

WHITTAKER FORMATTON

Mhe term Whittaker Rormation was introdncea by pouglas

and Norris to r~over a thick seauence of limectores. dolomites and

chales whi~h overlis the Sunblood Formation, eycept where AR A

ovorlain bv the Middle Nrdovictan rocks which form the ity o lope

af “unhlood Mountain, Thewr malke n three-t'ola divicion of the

Whittaker Rormation ana “t2te that. ".. the lower and middln~ narge
are 'qr)]"»‘()xhnat;nl" n(‘ll;ﬁ\/'x:nnt SO o me (\,.‘Jr‘it 2, (vipnter 1o their term

™

for the formation “orming the alp slope of Yonhlood Mo '11,'21'1).

The tuvpe cectlon of the Whittaker “ormation s on the enct Tionb
of Whittalker Range. or about /A milec west of tne Permite,  The
section 1s 4,070 feet thicls with the lower nnit ~oncistine of

1,220 feet of dark rren to orev, fine to medtam ocratnea lMmectons

wh! h 1¢ thinly beuded, The midale mit consists of BARO fect nf

mainly t'ine ecyatnad, jnrlr ocrev medtm te 9;',4 s hedae 1, h‘r;,y‘f.p




‘herty dolomitrs, Thev ~ve sommonly fosedliferons, ~ontaining

colontial and =imple ~ornle, The lower ~nd middle nite are dated

hy foacilg ag Tote Ordoviatian in age, The upper nnit fs 1,800

feet thick and 1o made nn of dark crev to grey-hlark, fine gralned

thinlv hedded limecton~ wi+h altermatine thin hedn of Hloek to

dar's orey ~11tetone near the haen, Mht e ntt wa Anted v T -Pertne

At vy en ~Ar tf

“nd Jackoen o Tagn Tower throash early ITnner

1 " oeraptolite o ., Mhey noted that tne Yhittaler

1 o
naie nf

Farmatinn ~f +he tune “e-~tion onovmehlyv overlies the “anblood

Wormatinr 1o rrorablv conf'ermably overlain by the Delorme

fFormation, although taey did not soc e ongoct, The npper unit

lory

ot the Wwhittaker was noted by pouglas »nd Norris to be =2 more

type of deposit than the lower two unite which are mainly

recessive

rarbonates,
*TLURLAN

noted ahouve

Cavmat?

"ormation, the upper

fanna of CYinrian - _ Min 2 e notton e

ymlorme RKance The

Ranoeo . re ~o 1 h

re cocentta’lr the ~nme,

VRT,ORME TWORMATTON

N lar and

Anlomites and cnalec the Uintttalor Wormation oand

anderlie the 2ams~l Perms ¢ ) ywlovrme Tormation, Mhe tipe

~a TIN e 1Aanntog \ A ~aduaterc At Pactel Oreelr o o lorme
cectlorn s} ) ” gl 1 ) ) X
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In either massive beds or else aa a large scale hrecerta, MThe
fragments are found up to 10 feet or more in diameter rancing
from very angnlar to onbronnded, The bre-ctc matrix ~onctste of
coarcse calnite or limontte and ochre whi~ii raace “rom brovn to
vallow to orange "nd red Tn rolonr, Snlt ~"sts were obhserved on
fome bedding sarfaces, A few miles south.of this area. near the
Manetoe KRanre aren, the Camsel consiste of alternatinege thick
beddad prey, {Ine gralned limestone and ~nalv, ine prained,
oranpe-weathering limestone of 7 recessive natore, The (Camsel
Formation thins in a southward airection, The "am=el 1¢ not
easily separated from the Delorme Kormation at exposnres lving

weet and southwest of' those mengionea,

S OMERE HORMATTON

pDenelas and Norrils ftermed thr macutve orev wesathering
dolomites which overlie the Mimeel Format!on and nnderlie the

«

Middle Devonisn Arnicn Wormation the Sombre <ormation, The tvre
section 1tes come 45 miles soughwest of the Permits on Tundra

Ridre of Nahanni Platean, T™ne section consicte of' 4,100 feet of
dolomites, which were divided nto three units, The lower 1,150
feet of dolomite 's dark grer to blaclr, ~rvptocrvetnlline to t'ine
erained and L1ty to oranuli~y and o~cors in thi k. even bedc,

Tnterbedded with these dolomifes are t'ine to medinm oraitned, 11echt
crev, masatve to thick bedded, coarselv viagev dolomite with corals
and other toccil vemains., The bacsal anlt alco contalns very fine

rratned, cranular to “inelv vuegy, medium bedaed, 11ght to medinm

srey dolomite, The middle nnit 1s 570 teet tulck and contalns
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rrownish-erey to black, thinly bedded. cryptoprained to granular
dolomites, The upper 2,370 feet of Sombre Formation contains
medium to thick beds of dolomite which are crynto to fine grained,
very dark grey to black and coarsely vneey with ~bundant fosetil
debris. TInterbedded with these dolomites are thinlv bedded,

11ght to medium brown, fine erained, 511ty and sandy dolomites,
The Somhre thins to 650 feet in the Rirst Canvon of the South
Nahanni River, which 1ies some 40O miles sonth of the type section.
The Sombre 1s 1,500 feet thick on Delorme Ranee and ~onsists of
11oht brownish-eray, thinly laminated, fine prained dolomites and
1irht brownish-crev, thin tc medinm bedded, s11lty to t'tne grained,
granular dolomites, Thev also congain some dark prey, thickly
hredded, silty., dolomitin limestone and crvotograined, dark
hrownish-grev aolomite, The “omhre apnpears o be caparated in part
at least from the 'nderlyine ZJamcel Formation bv ~n nneonformity

and {'rom the overlying Arnica Formation by = detintte unconformity.

Kerionallv the seaquence of Ordovician ani SYlurian
formations descrihed in the preceeaing paragraphs can oe pronped
topether and internreted as part of a4 vast nrt aniate cshelf, A
rombined isoprach of Cambrian, Oraovician and “1lurian age rocks 18
4 useful map to aemonstrate the aepositional featnres ~nd tacies
patterns on a repional pasie, This map shows that the Aarea
rovered by the Permits and the ountcrop sactions of Ordovician,
and C1lurian rocks mentioned nrevionsly are part of a narbonate
chelf which extends from the Arctic Coast into northeastern

Brigish Colnmbia, The shelf carbonates are generally clean, (inely




cryvstalline carbonates with variable porostitv, Flanking this
shelf along 1ts western limits 1s a belt of shelf edge carbonsates
which are reefal in part. They are present over most of its
length, generally lving on the Peele Plateau and extending through
the central ranres of the MacKenrie Mountains, They 11e mainly
to the west of tne Permite under veview, The shelf edge
aarhonates 2are in turn replaced by a2 basir~l seanence of open
marine chales and arpgillites along their western cide, Kast of
the snelf carbonates 15 a seaquence ot shoreline sands, red and
green shales, gypsum, salt, sandy dolomites, dolomites and
songlomerates, The eastern 1imit of the ~ombined “ambrian.
Ordovician and “11nrian formattons 1o ~bout 35 miles egst of the
Pormits, Tt shonld be noted thev ~xtend throvpgh the Greatf Slave
Talkke area to the enst, but Aare not present over a2 nortion of the

aren hetween "amsel Nend and Great Z1nve [ake,

The Permits are manned as lvine 2lone the eactern side
of the "amcel Racin, whirh is 2 marked tepositional Testure
evtending from conth of ®ort Norman to the Liarad Platean nrea,
The tnicrmese of combined Cambhrtan, Ordovieian 2ana S1lnrian beds
in this basin exceeds 10,000 feet to the west of the Permits nile
the Permits are expected to have be<sween 5,000 feet ond 7,500 reet
~f them, The WP Tenneco kKoot Kiver 1-60 well had approx'mately
3,300 feet o, these beas 1f the top of the 51lurian is nlacea 2t
5,320 reet, The section from 7,782 feet to 8,577 feet or total

depth was previously mentioned 2s probable Cambrian npe; however,

1£ should be noted that 'ithologicallv, 1t 18 also sim!lar to map




unit nomber 6 of the Horn Kiver area as mapped by bouglas and
Norris. Thev dated this unit ac provistonal M1ddle Ordovician
Aoe on the basts of fossil evidence. Correlation of the FPC
Tenneco Root River T-A0 well with the asurface sectlions *s not
readlly apparent, The sectfon trom 5,320 Teet to 5,830 freet
consists of aryptoerystalline, argillaceour, ~11phtly evaporitic,
e11tv to slightly sandy aolom!'tes with no viaihle porocitv, The
section from 5,830 feet to H,280 feet ronsists of = dark grev
microrryetalline, nreillaceons, dolomite with noor vopeov porocity
and scattered anartz crvetals, A drill stem test o this cection
rerovered f1ltrate water ~out mnd, RFrom H,280 feet to ~,91% feet
the cection ~onsisge of 1lght to darlk srev, arctllaceons, micro-
Apratalline dolomite, The section contains abnnaant 11erht Aand

1

Aark grey chert with miror amounts of ~lear =nhydrite and pvrite,
Porositv 1c mainly a4 noor vuepr gyvne with some “ra~gure nornaity
nrecent, A test of this frocture and vagey rorocify recovered
4,400 feet of ©alt water. This e fon also containg ceattered
Aprinotd frasments and indistinct pellets,  The inferval from
6,915 feat to 7,510 feet 17 essentinlly ~omposed of ~rrillaceons,
micro~rvetalline, light rrev. ailty dolom'te with ahundant pvrite
thronehout and with 2 det'intte pellefed notore in the hacal 240

fent, The fection 1¢ non-nporons and ontains thin nterbeds of

dark grev <nale thrurnhout. There are 2100 Cl1nating onrce qnorte

craing throushont. Krom 7,910 feet to 7,582 reet the well
penetratad 1 section of bhonf, microrrvstalline, nrimarv or
evaporiti: dolrmites with interbedded red "nd ereen h+ tvincer
The ce:tton is s11tv and contains soatter g "loatine onree
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recionally, where lower Ronning carhonates are found to

he hren-inged as 2re ghe Rear Rock cAarbonates,

(r) Gentle to tirht snti~linn? folds ~onnled with
thrnst fanltine ~2re pru_rznn‘(, tn this area and conld

provide sizeahle neramelntiores of hvdroecarhons,

MTDOLE DIEVONTAN

ARNTOA WORMATTON

Tha Arnten e 7 Y nle cnqnence of Aqarlc gorev dolomites

which generally overl'~ the “ombre KFormation. Douplas and Norris
named them from a tuvpe =echion at Airst ~nnvon on the Zonth

Nahann! Rtyer, The Ayntica by det'initton mav he overlain , inter-
badded with, or, crade laterally into fhe Fnuneral and Rear Rock |
Formations as well 1t mav he overl-in bv and prargly laterally
aquivalent to the Tandrv and Manetoe Formations, Donglas and
Norris measnrad a1 ~nmbher of sections of Arnieca iIn this repgion and
deserihe 1t as renerally darike preu ongd hlanrl dolomite whin 1e

fine to ~rvptoecratnad. orannlar o finelyv porousr and vaeev,
variahly fegid “nd in some nlaces laminated, On Delorme kange

the Arnin~a tco 2,100 feet thinle while orn Tverceon Kange 3§ Root
River gap which ts atooh 17 miles norgheast 1H o 1,700 "eet thicl,
Tha cantton on Camsel Konge, north of the Pormigs 1o 1 240 feeg
thinrk, On the east =id4e of Whitgalter kance 1t To 700 feet thirk

and 18 overlain by the kuneral Wormation., The ce-fion ronstate ot

alternating beds of dark and mediom erev, f11e to —roarse crained

nartle hreantated dolomite, Thovre are come ~rinotds and ~orals

as well as hla~k chert hands, The Arni

'a thi~kens to the north
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and west as the Funeral Wormation thins, Tt thine to the scnth
and 1n the Manetoe Ranre and “orthern Nahanri platean may he

ahsent locally. The Arnica onterops alone the eastern «fde of

the Permite, adjacent to the Camsel thrucg,

MANETOE FORMATION

Tha Manetoe Wormation overlies the Arnica thronerhont the
cameel and Nahannt Raneges As well a8 on the northern Ram Platean,
The twpe sention 1o in the Rirst Canyon of the Sonth Nahanni River
and was mapped by Douglas and Norris, The tvpe sectton onstots
of 375 feat of conrse recrystallized white and black iolomite
interhedded with bhlrck, med! m cranined dolemite with 'arpee
irrernlar masses of white calatge and dolomite, On onmsel Rance
the Manetoe 18 abhout 150 “eet thiclk and 18 made r of dark erev,
conrse prained, medinm to thick hedded dolomite wht h 1¢ highly
Practnred and cnt by wnite caloite and dolomite veins, The
stratipranhis relationshin bhegween Manetoe and Kiuneral wormations
ig well! t1llusgrated on [versor anti~line, which 18 about 20 milee
west of the Fermits, The Manetoe on the eant flanik of the
anticline 1< made up of HCOO feet of medlam grey, ~conarse erained,
verv rorons Lo cavernons, massive dolomite with vnoes 1ined by
mi kv white anartz ~rvstals, The high porosity ts attributed to
the margin of the facies chanpe to Funeral rormation, bv nouglas
and Norris. The Manetoe prades laterally into the npper nortion
of the Funaral wornation 1n 2 north. acuth and wesoterly direction
on the anti~sline, On a tributary to peKale Creek from the eacg,

near the anticline the upper Funeral fs separatea from the Arni~a

by the Manetoe coarse, vurey, medium erey dolomltrs,




FUNERAI. FORMATION

The tvpe saction of the Funeral Formaticn 1 located on
northern Nahann! Plateau at 7 location some IO milee sonthwest of
the Permits. The type sSectlion 18 2,500 feef thi~lr witn the lower
1,655 feet made up of davic erey to hlaclk, nlatev, nalecareous
shale sind mudstone with irngerbedded siltv to argillaceous limectone,
This santlon 1 overlain by 2725 feet of bhlack, stltv to
arpillocenns, hioeclastiz Timestone with black shnle partines,

The uprer A70 feet are mainlv black, nlatev, ~al-areons shale and
blocky mudetone with thin interbeds or lenses of hlacls, bioclastic
1imestone and thick beds of bhlack, hard, argillaceous litmestone,
On Tverson Range the funeral 1& 900 feet thick and is composed or
daric grev. fine crained limestone fhat 1o mainly platev to thinly
bedded and partlv siltv and arelllaceons, There 10 some medium

to roarse prained foeciliferons Timestone near the top. As noted
nrevinuely, the Huneral prades ingto the Manetoe Wormation in 2
northeastward direction, Going north along Tvercon Range the
lower Funeral srades into the Arnien while the upper part rrades
tngo the [andry Rormatton, At the Whittaker kange and hHelorme
Ranpge =eagions the Funeral 7180 overlies n thin Arnicn and nnder-
lies the Landrv Wormation., The “hittaker hnnme section consiatse
of a basal 230 feet of interbedded, !"ine rrqinad, lLimestones and
caloareons shales with thin beds of" black rhert., Thev are overlaln
by 1,070 feet of tnterbedded 11mestonns ana shales, The shnales
are ~alerareons 1n mart and dark pgrev to black, The ~hale content
15 prent in the lower portion of the formotion, The nnper

1imeston=s are fine grained, dark erev, weatherine, to 1i¢ht hrown,




to dark erey and occasionally to piak, Northwestward from here
the lower Runeral grades into the Arnica while the upper part
crades 1nto the Landry Rormation, The Fureral Formation 18
apparently not developed in the (nmsel Ranpge adiacent to, or on

the Permits.

LANDRY FORMATION

Douslas and Norris nroposed the fterm Landrv Rormation for
the .nick to massive limestones whichk overlie firn? .2 f'ormation
dolomites at sectlons such as the pelorme hanpe cection, The
term alsc applies to cectiont where these limestones overlie or
crade laterally into the Woneral limestornes coch 98 1% the
whittalrer Rance secgion, The Headless Rormation overlies the
Landrv Rormation. The Whigtaker kanee cection ts composed of
4OO feet of medium crev to hlaclk, ~rypto to medinm erained
limestonr, The ldmectone 19 partly pelletold and fossiliferous
and medlnm to tht~k bedded with the bed thickness iecreasinge near
the hase and grading into the thin beddedq mineral Rormation, The

Landrv changes far alone this raonpe from north to conth =o

thatat the sonth end the Loandrv has graduallyv chaneed into the

Funeral,

The Delorme Range secfion onttsts of 200 feet of crvpto-
rrainad, dark orev to black limestone whi~h 12 partl =t 1ty and
argt llareons 2t the ton st 1= the basal vortion 1o nartial 1+

renlaced bv coaresaly crvatolline, white to brown dolomite,
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BEAR ROCK FORMATION

Tne Rear Rock Hormation 1s exponsed on the M~Connel Range
of the Franklin Mountains east of the MacrKenzie Kiver, which is
about 2% milec northeact of the Permites, The ~e~tion is composed
of massive brenntas made up of flne pratned, s1tpghtlv ~11tv and
argillaceous, hrown to dark erey limestones, The tyne cection of
the Rear Roclk t1s at Rear Rock near Rort Norman, The tvpe section
roncsicts of two distinet faries, a hasal 40 feet o A0 feet of
white, gvpsiferours, mascive leraing dolomite or lime<tone and an
nnpery ]/‘ feet of breccia ~omneced of hrown, dolomitic, limectone
bonlders set In a matrix of dolomitle limestone, T e fro factes
Ava r‘nppvﬂ'}tp(j by a RO 'not secttor of r\(\“""l'j hedden, 1nrk rrey
ltmestone and dolomite., The Rear Roclk which 18 2 verv widesnread
formatlion is the facies ennivalent of the previonsly deccrihed
Middlr Devortian tormatiorne, naomely fthe Arntoen Munetoe, KFuneral

"nd TLandrv *ormattong, The ~nr,drite facles of the Rear Rork 18

aquivalent o the "hinchara of northern Alherts,

<ecertanal ]y ha MNaar e s earvrmation naeroenes 2 namhba
onAally, 1 1AT1on 1 r

of fa~ies ~hanpes, cradine from hacina) chnla “nadac o evaporitinc

shoreline “n~tec, The bacina! ~holeo footaec are precent 2long the
waat aicde of tne MacKen-te Movntgnino, They are 1o led hv shelf
ndge limestores ani anlomiges Along the'» enctorn clde, Theos
shelf edpe ~arbonates are norcn-, Vi tacent to the shelf oqea
arhAanates ave a chel® 1imectone ana Ao'lom*t > Moo tec Thtae thelf

fantac covrre moot of the Peele Platenin. interior platno and

MaaWoenries Plains, They ~»e 2kant 2000 f'rat £t~y v the Peoln
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Platean and thin markedly into the Novman Wells area and then
thtclken rapidlv Into the 7omsel Dasin to more than 5,000 “eet,

Ad jacent tn the shelf facier 1o n nelagively narrow helt o chelf
dolomites which ~pre~r to ke the prelude tn tie nd taceng
.Q.n\rqw!tn frand e, The ahp ' I Aamttan ave T-Waun,\,"-, 1t thn
MAan~Kan7ie Mountaine ~g =all 28 fn the Camenl ond Nahannt Ranpeds,
Tha Perm'tc Ave underlo'n by thi= "acles, The ont:rop sect'ons
rresent on the Permits ~rc also in thin racier, The evaporite
facies beprins north and we:t of Norman Wolls and evtends south-
wards into nortrern Alberta and northeastern Britich solumbla,
The B,A, H.B., Tratl Creek No, 1 well, 1ncated ~rout 't milee eacst

of the P~rmits =2ncourtored the Denr Rocle evaporite factec while

the WP Tennean Root River T-40 well me in fhe -hel® an'omite
ffyntec, The upper @ 25 fant tr Ble g £t Rruer T-AQ waell aproars
o Fo tho Moaetn- P L mt Ae ke Manrn Roclr and vmeonverad a4
atay An testo., Thn B Ay Hatlo apneavs §n ta ey 1 RO eng
tht o in 'C"i"“ well, Trnddtnnktn « fhot Ehn a1l A tho Pormits 't A
an the eacfarn ~lnpe ~7 tne ame 1 bt N Mo houn Faan
Ahtainad trom the Near Posle tn the Normon Wello aren from tne
ahel® dolomite factne, The »anid 1 ae aphaneren within the TMoar
Rozk and 15 patvalente In tht'~ yagrto- make this cCormat
nirhlv prospe Eive tareet for anv we Tle dri2 o, The hrercrinted
natire of the Roar Rocls mov i tn ~nlatton A7 the underlving

V14 e River &1t




HEADLESS FORMATTION

Tha Headless Tormation

1imectone nntt vhich nderlies th

o

1t from the nnderlying “ormnttonc,

abrent 1t 18 the fastac eantyalont o)

def'itned 25 7
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“Where tfthe No

with tha nnderlying beds 1= considerad to te dis

Headlesse Renea, whish 10 ~bout 4F
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bloclastie limestana. wni~h are 10 fnat o H0 feet thisk,  On the
aonth end nf thies rance t he 1*'7"""'0’71’)"“ craage "‘“f',""‘""‘r At Thter-
f“‘”l'i"“’i Y ‘q . r‘h«j]}) And hlanlk ., "‘”f"* 11y~ -v::-r\tqlrr']" neot

limantone 'n heds A dn-has to 2 font thick, At onfhedral Mommgatn

Hendlass Parme, the

Hen

dleecs

whicrh ¢ 40O miles northwest of the

Rormation 1g 0RO rfanst thi~lm and the Nohannt 1s ~heent,  On Cnmsel
Range 1t 1o 148 feet thi:k on the “ontn end and 13 fenf £h1 2k on
the north end, Tt ceanernlly onetage of fforafiltterong, Anrk orey
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NAHANNT FORMATTON

The type cection of tne Nahann! Kormation s locatea at
Nahanni Ruotte which is about 76 miles sonth ot the Permi{r and lles
near the conflnence of the South Nahann' and Liard Kivers, The
Nahanni 178 350 feet thi~l and 1s made up of aark erey, tine
gralned, medium to thisk bedded. parglially dolomitized limestone
with dark to licht grev, “ine to mad!om orained to oncasionallv
roarce orained dolomite, Tt 1= underlain by 120 teet of Headlese
Formation. The Nahann! tnirlkens north-wesfward oo thafh on kam
Platean. whirh e ahnf 25 miles couth of the Permife 't ic 550
faet thinrk while west of the T'»m Platean 1t ir 780 teet thiclk on
the enct side of Nahanni Platean ang R3O feef thick on the west
cide, At these mnations ghe Nahann! fe penernlly A Tieht to dark
orey, thick bedaerd, ine grained to hinelactin Jimectone, The
Nahanni 18 820 feef thirck on Delorme Rance. 500 “eef thinclr on
whittaker Kanse and 600 reet thiok on the hoot kiver in the
northern Tverson HKange, n the Cameel Rance, north of tne Permits
the Nahanni has thinned to 200 teet wnere 1§ 15 7 1ierht to dark
crev, medium to coarse erained limestone, The Nohanni 1a about
300 feet thick on M:Connell Range, In the "msell and Root hiver
rerions tne Nahanni s a fine to mediom crained, aark grey, reety
1imectone which esenerally occnrs in mediam to mascive bed¢
separated by thin argillaceouns llmesftones or by arpglllaceous
11mestones of similar thi kness, The thi~k arpillaceous limestones
the formrtion grades into the

he-ome more common near the base ag

Headlecs Formation,




The RPN Tenneco Root River T-60 well encountered 800
fapt Oof combined Nahanni and {eadless Formation, This thickness
18 probahly exaggernted dne to crookea hole nrohlems which this
well 18 supposed to have encountered. The section consicted of
dark brown, microcrystalline. arcillaceons, bloclactiz ltmestone

which was nartially dolomitizea in the upper uHo feet. Thin
grey-green chale stringers are present in the upper 60C 'eet,
The basal 200 feet 18 cryptocrystalline, vapnely nelleted brown,
arplillaceous '1mestone and mav reprecert the Headless Formation,
No rorosity was precent In the Nahanni Formation in this well,
Fast of the Permits, B.A. H.R, [one Monntain No. 2 enconntered
LOO feet of Nahann' composed of uark brown’~h-rrey to dark bhrown,
arypto to tine eratned limeatones with chalky noroatitv, The

B,A, H.,BR, Trall “reek No, I well encounterea 410 feet of combined
N=hanni ~nd Headleas Formations, The upper 310 feet roneisted of
~rypto to fine crained. lirnht to 4ark brown, aregtllaceons limestone
with some r~alearecus, erey shale martines, The next U0 feet was
a 1iecht btrown, mitcrocrvotalline, «]tlehtly areilllaceous dolomite,
The basal 0 reet ~onsteted of 1irht brown, microcrystalline
1imestone, Keglonallv the Nahanni scorrelates with tne Lonely Bav
and Kep River Formations. Any porosity develored Tn this unit
~ould produce a =ienificant atratiegrapnis tran, The Nnhannl 13

present 1n outcroo on the Permits, having hreen hrougrht to the

surtf'ace bv the Camsell thrust =olt,

JPPER DEVONTAN

ROKT STMPSON HORMATION AND YOUNGER DEVONTAN

The Fort Simpoon Formation was meashred bv bouglas and
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Norris on Decelver (reel, which 18 nesr the northern hoondarv of
Permit 5411, The section 18 3,800 feet thicl; however, they note
it 1s probably fanited and a trne thickness would be 1in the order
of 2,500 feet, The base was not exposed, The lower exposures
were a non-caleareons, dark grey, fissile shale with nodnles of
concretionarv Iimestone and som~ thin interbeds of =1ltstone,

The upner part was composed of mudstone of a ~aleareous and stlty
natnre and of a medim to dark grey, argillaceou~, fine rrained
1imestone with th'n interteds of cal:areous =i1ltestone and sand-
atone, Snbhsnrface control i provided bv RPT Tenneco Koot River
T-A0. where more than 2,070 teet of Fort Simpson wac precent in
mueh the same l1itholopries as described at the peceiver Oreel
exposure, P,A, H,B, Lone Mountaln No, !, was bhc"tomed 2t 2,008
feet in Fort Simpson, without reaching the Nahann! Formation,

The R,A, H.B, Lone Moimtain No, ? well nenetratea 1,07% feet of
For: Simpson which inclndes 110 teet of proktable Middle Devontan
Horn River shale at the base, The FP. Tenneco Root River I-50
well has about 80 feet of prcbahle Horn River =“hale at 1ts Forg
Simpeon base, R,A, H,P, Trail Creek No, 1 renetrated U420 feet of
Fort Simpson which inclndes a »a-al 100 feet of Horn River black
shales, The ",A. H,, Root River No, 1 well bottomed at 2,780
feet in Jpper Devonian bedr, which are vonnrer than Fort STmpson,
arcording to the G,5.C., The cuhenrface confrol indlentes thet the
ipper Devonian beds avre tnfesentnge into the ~amsel Pncdn in mnch

the same marnner that the older tormations followerd,

pourlas and Norris mappoa a number of vounger Upper



Devonian beds in this region, Af vecelver Creek they manpea H50
feet of interbedded olive grevy, «1lty chale. ~nl-areons nandetone
and fine to medtum grained, grev to egreenish-crey <lltetone,
Mear Carlson Lake, which adjolns Permit “412 on ge western
boundary they mapped ''mestone reefs wnich are eanivalent to the
basal portion of this 650 #oot snnle. cnnd and =11t seanence,
The reefs are composfed of strom~foporoids and corals rorming 2
poorlv bedded, medinm creyv, coarse gralned, oellefed limestone,
The limestone reefs anprarently reach 2 th'elmess of 100 “ent.
The neyt —wonnrest marr ~o -1t conclegs of H5H0 feet o ~alonreons,
orey to preenteh-orey, randstone with ‘nterbedded silty,
salrareous madetone, preenleh-crey, fine prained siltstone and
areillaceons limestone whinh ~ecnrs maftnly at the top,

Kact and conth of 0arlson Lake, a'ong the weefern siae Of
the Permits. the voungecht Devorian beds are expocged fn the ayis

of the Yohin Svneltne. The lower 700 (eef toneicte of greyv to

greonlch-grey, ot lty, slichtly calenreous shale witgh thin. "ne

eratned, st1ty, limestone hands and oreen, 23 1e7reons silketone

whilecn erades to fine sandetone, Overly'ng them ave H(D feet of
raleareous stlgstone, with 1rterheddea oi1gy, ~alenreous, preen
to reddish-brown “hale, The uprer H0 teet tn 100 "ert ' composcd
of apeillaneous, rrev-=hrown, “ine to medinm, foscil!ferous lime-

stone. The B, A, H.,P, oot River No, 1 well, T correlitod My

the G.9.0, a= encnungering thece heds relow 200 feet of Arirt,
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which herins on the =sonth near the “on

nlement

and arrarently ~ards tn the »orth ne~r» the Root

At etance of ahont 118 miles, The Yohin “uynnlf
nvey the westarn portion of the Permits ~nd 1
o” the Ram Anti~line 1n thir vi~'nt The ma
derression of the Yohin Svneline 18 near eced
Permits SU11 ~-1 U112 Foot Miver Anticline ]
the Perm'ts and was rartiall: gected by the WP

T-A0 well. whirh is ahont '.1—“/') mi lec northen
The eqct-wect ~locare on this antt 21ine wasg ax
and Novris to he from 2..006 o morth to &,
sonth end, The anticline plurees fo the »orth
sonthwest pliunee was ohvarved, Mhe antt 1ine
anreare covered by Permit H412, and be present
thrnet rlate hi~ wo 14 mate 2 m1 oy tarpet |

roreiderad on this ncveape, Apparently the Ko
bv RP" and Tenneco had extreme deviation probhl
Av111ine Into the crect of the anti~1ine the h
down the f'1anke of theo structnare, Numerons =m
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the numerons actes chanpes 1o the Middle Hevo
formations mav he anft'f'1~Tent to reate hyvdro:n
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891t and assorinted solution features as well as the confienration

nf the Pre-0amhrian surface, The snrface structires chould
renetve detntled maprine by agt1i7ine hoth field rarties and
photogseolopical methods, Anv leads obtatned bv these methods
cshonld be verified bv selamic snrveys and then by the drill bit,
Particnlar attention should be naid to the kam Antisline ag well
e to the possible extension of the Root River fntisline onto the

anreare .,
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RRACTIIRRE ANATVETS

This smeation of the renort discusses fhe resulte of A
Detatled Rrartinre Analvsis Cnrvey carried out within, and in the
1mmediate victnity of, Petrolenm and Natnral (ne Permigs 411 and
e, An aerrial mos~ic (sncale 1,55 ineches eanals approximate lv !

mila) made from Dominion Govermment aerial photopranhs accompanies
this report, Theans same nhotorraphs were examined sterveonscopicnlly

and the fractures plotted on tne Individoal photorraphs, then

transterred to the mosate for analyois,

Tho that the eartn's ~rust 15 abundantlv and

L

theorv

methodieally rrantired ic the bactic premice on wnhich 1o hni 1t the

r nl

exnloration torhniane lnown ac fvaatnrye Anp jlveio AN Tynotnrs 19
> ) ] 0 1n L . \ Al s

. Adefined ac " ganerally ahardart , natnral 1tnention digcernibie

on arrial nhotorraphs " .

wracrturine s lapeelv cansed by oextepral ctresses on the

imrortanrt are:

The most

eavth fldes

radinl wwlapation of the ea»th along 160 racdins

veetor

() A eradnal desveane of ghe earth's rate of rotation

the eartnh 17 svstematicallv tractured

above .,

Fyacgnre syvstem wonld soproach svmmetry 1T the arast were

and the

homofreneous, Tt 15 ~onegldered thnt ifrreenlaritics are cransed by

raptonal heteropencous conditions within tne eargh's crust, lLocal
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departures from the norm are caused bv gstructnral or straticranhic

Aanomalies,

The term "photogeophvs! e’ was ‘ntrodueced hv Rlan~het

(195A) and deals with mapping, analysis and interpretntion of

fractire traces as recorded on aerial nhotopranhe, Tn 2 more
paneral way "'photogeophysice’ aan he gefined as the methodiea]
statisgical analysias of linear reatures ceen on nevinl nhotogranhe
ohservable

and this csvstem s apnlied by “nv method recording a1l

lineationes, or the totalitv ot 2 certain type of linear fentire
and the statiastt2al nresentation of the data on contonred

Intens'ty maps or drv plotting the fractares dire~tly on the mosaic,

Tn this renort 5 megat'racture e loncer than 1 m?le and

a microfracture 1s shorter than 1 mile,
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FRACTURES

DTSCUS3TON

ENKRAT,

ORTGIN OF

Fracturing 18 larpely caunsed bv external stresses on the
earth, althouerh internal stresses mav plav come minor roll, The
most ‘mportant ~f these external forces are the dinrnal earth
tides due to the eravitational effects of the onn and moon: the
change 1n radinl acceleration ot the earth alone Tte radlns vector
and the evadnal derrease 1n the esrth's rate of rotation, The
andless rhvthemic action of thece earth tlaes 10 orohably the
priacipal ~nnse of the cvetematina fracgure e stem seen over most
of the wor'!d. even thonrh theamnltnde these fidec 1o onlv
9 - 12 dnches, The fracgurec are most 1ilrely cenerated by the
nrorecs af “atirne a8 the end reonlt off theee “trecocne wntoh are

. 1avlvy oyer mt]11tone and mt 1 1tong of veova Matna o

roepeated recn

fagipne in the same manner when anh janted toO ront,

'n reneral the initiating Porees which
mhst have ~ontinued f'or 9 verv long time and tihe
ara nontinnonse and are nrobhabhlvy angtre 1t the

MO 1arg (100 () ctates "Mha reohand

Forthermore

renerafe

procecs

roc

a1 athyation,

Fyaotiores

trvo lved

aresont time,

reflect lineaments ¢ rvonma anrtace st he reacorab !y ctmple.
for "‘fllf‘]“ ‘rmﬁ?‘,r)mv ave nrodqueed on atverse T‘,f\h(v("v’lp‘w" “nd In
diverse types and denths ot o rttatal denosits that, hverlv

A1 frerent kinds of relattvely Clat-lving cedimentayy rotre a”

varying thickners, The mechantam prodacing the |
. mngst nersiast over axtenslve and wldernread belto ol
outer chell: that 1s todav, the engenderine

be world wide',

ne ament,

mechantem moat

nattern
the earth'e

In ffnct
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Fyternal forces snch an earth tides obvionsly 11t these
parameterc, Some Internal tforces mav alen apply such s the
Attt on yf' «jnnp ceonted tentont~ forces and the most Ar\,r'p};r)]flp nt'

these 18 t1rottattn nd nstment, Tsgostntis vebound following the

111 he taking nlace nmnd +tnta

mrlting of the placlers ma;

further acrantunte frastures precent hefore ~lgetattion,

Tn seneral 1t ~an he °2'd £hat “ragure patternc are
3 .

aced hy elgher '‘nternnl or avgornal forcen, [ the torces are

internnl the recnlt wonld he A41f erant oriontattorn o the fractore

svstems 1n areas of ~imil r tectonic history bnt dicferent

-t nf the

rosition, Tf a fAv.po cya aviarnal the

N1d haus wor A wloge sdmtiawt g, Howevrer

fraatnre Aavranrement “h

Tan o 4:;,, "‘!"t""‘”t“ Aniuraln

vana @iyl A e

ra rattarana qan tn "Vt"’Y R O a Ay "“'t”"""""“' Antte

nrea” mav dovelan thatr owr mnattern due o 'hgornal Poroac

T e tnt “arm eny tn Fhe Tetary o' A cdtmant the
systemati~ inintr must be goecarstoely vorrper apwards ghronen
rhe section 2nd the a1t "v‘g*—n n 'r mpoosed on Akl now 1atvar
N pdtmant hoan +he h ~n haoome vonenltignted anarehn £o
"razt re, Thig runved proracat te e hy Bhe t! o
angery hy trecs YN n tarn S« A vy by | enrth Hlde
EXPRESSTON OF PRACTURI

Fractures have hecn obhcerved L aerial :’7"t')"'r"‘YJ:15; from

e world, They are

ayery alimate and on every ontinent tn
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extmples of fra gores an ha omnn Oy most n ayrtn? nhotoerraph
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Panra Rivar dlotrl.t,
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of lnown reefs the fracture ingernnity 18 two to three times

grezter on the flanlke of the reet' than directlv nbove the reef,

In anv fracture pattern there are two matn orsteme of
fractures: the axi1al cvetem aw4 the chear cvotem, Tn hoth
systems tho fraatirags are cub-porallel and in peneral the gwo

avatems are 2t approximate rieht ancles o ench other,

Pananca nf cargain inherent 1imitine factore, Strangure
Tnetdence Curveye have 2 lowar ovder of reii~bilitv than netalled
Frarture Analoaels Sarveve . To come extent at leact, ~ortace
orndiginnsg 2ffent the fractare count, Tn areas ~overed hv laokes,
cslotghe and rivere . the {frastnrn ~oent 1o 7ern, Tk iunted nrene
renerally vield 2 lower ~onrt than adinasent virein tevritory,
Corgencert,iv a d1fference or congroat in Cfractgure count (r/1)
hetween two poilnts mav ha in partg dne to ctraectnre, but, alvo dne
in part to different srrfae conditions, T come eytent, this
:0a ha sompercated for hy anpliring 2ppropringe wefehtines to the
obseryed coints, bot over or nnder ~orvections may recnlt,

Neverthelecsa, in cnigve of these sources ol orvor, it hae

hean demorctrated 1n (nlaing) aveas whein abunasnt subsorince
antrol 1s avatlahle, thot the Inctdence of fractorine is
nongtderably above normal v the curyonnd'ne aren immediatelv out
from the strenest nart of the flanke of the sgracture, This 18 in

~omntrast with a 1ow or rormal incidence over the reatal area, and

21so to o normal incidence off afrnctare,
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[ INEAMENTS
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d “askatechewan, ecpralnl 1l near Jarre rivers,

vectimatiors have chown that f'ractiares are

rork lolnts th“V“", in glaciated arenas snueh

the photoanalvst must talre care to entnhlish

e tlow nver an area hef'ore he hepins to
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2Ny
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FRACTURE, ANALYSTZ OF PERMITS ©U411 and 5412

The fracture pattern of the area as shown on the
anrlosed mosate and mang shows a great variation 'tn intenstitv,
The two Permits are located tmmediately west of N=msel Bend and
the 2amsel Range of the Frarklin Mountsins »nns north-south down
the enat aide of the mocair, MThe evitreme weat edee of the
Mr cKenzie PYlain ~ute into the east =ide ot the Pevrmite,

Fracztnres 22 nlotted on the mesai~ show corstderable
variation In intensity, There are two arcas where the fracgure
Intensity 'e ereater than normal and there are two areas where the
ffractore Intensit: 18 less tnan normal, Tne "Mirh!' tntencd to
ar~a= are cnown 1 red and the "low'" intencity creas are shown in
oreen, The ayerage Jeneth of tne fractures 18 ahout 4,000 feet
and both mera and micro fractnres are rresent, 7Tt 's worthy of

special note to mention the ¢la-121 problem in thic aran,

Ret'erence tn the mosaic wlll chew that the area has beer
moderately <-carred with 132131 errooves and striations and that
the dire~tion ot 1~,e fflow was abhout North 50 deprees Weat, Some
of thece crooves are <o deeplyv Tmpregoea on the surtace that thev
~ontrol the share of the lakes and of tree prowth in the area,

In any 2rea sach 2g this the photoan~lvsf is faceyq with the
difficnlt problem of eliminating the plaxial scars from the
f'racture patter» withont ~reating falee anomalics, The removal of

a1l fractures from =2 10 - 17 degree arc 'n any ~rea wlll create
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within tnese areas bt thev do have a2 lower f1ncidence than the

anrronnding area, Thefe low intenstty areas are Important and

1t 18 quite 11kelv that thev nre dne to some subsurface feature,

The tvpe of feagture will be discussed In the next cection of

this report.

in the fonthille belt where the ro-lr nnite have heen

folded and fanlted the grofronctures are »ften (17 120lt to

recogrize daie to the relativelv larce number of fractures formed

by Laramide pressnres and movementc, FProvided that the nhirh nd

low Firacture Tntensity 2renc -~a» bhe relnfed o ctructoral

features (anticlines, cynolines., et:.). they do have ~orsiderable

sipnificoance and may indicage 'nlminiglorns nd eaddles or other

faatnres nn trese stru~tores,  On the other hand, 't mav be that

the stru:tural fractnres have ~ommletely obliterated the

cenfrantures and that the tnotdencre contmact 1o Incientffioant,

However, by amdnloing ~nrran»iate weicrhtings to vortons areas along

the strietnre a verv roaliahla cag ractnre pattern can be obfainea,
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STRJCTURE

Petroleum and Natnral Gas Permits 5411 and S4170 are
lorated in the ‘amsel Rend Kanpge Aarea of the Wranl-1in Monntains on
the west side of the MarKonzie Rlivern, Ma Tor t'oldine 2nd faulting
to prasent in thiec ~rea ~nd thece zgractnrol fentiures have
afferted the frastire nmattern to come axtent, The ctrilke of the
gadimentary ctrucrtares 10 nenrlv north - sotth and ceveral luree

fanlte Are nrecent,

SHpynntnral Cecnnces whieh ~onld be precent, “nd which

ould ~ance foe low Inetdoance aaomalies mentioned 1n thic repnrt

nre Aieancsad in order ot probobt 1t

. PRE-CAMBRIAN "OPOGIAPHY

N oander P“"m"t" S411 and [T Ee] {e

Pasement toroer
thonrht to be mich the =2me ac 1t is todav »'long the sonthwest
adee of the hteld, Low yonndea hil rorarabed by rentle to

arpnpt vollave apa cans M the “rteld ond these Ceaatnres arpe

rdonhteqly rresent aader the ook lect Permits,  The aetffect of ghie

Eaanment relie® on tne overline egtmentary roclee n rreat,
The Granige "ach ¢ te amenlls precent Tn fhe toposraphts DTome !
on ‘:"vj Ricament hnf ahee £ oon the "hiepe The rantte Woech 10 an
avrellent rotential resovvate,

Waorther o f' et O Rac-ment topoproanny on heds Hlehe
£rare the Grontte Loch 4 fae centle folding nrecant oyer Docement
hWills, Thooe 'ntde aro a5y 1inne ' avery “ende ard ovla r'oym

tran~ for ol op oo
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Many ~mall faulte have bren veported by A, W, Norrire
(1055) 1n the Bacement and tmmediag~ly overlving vocics ard these

fantnres conld anae ~locare witht the scdimentary unite,

”, REEFS

Penfe nf anv ap~ ctronecly 21°foct ghe Srantarve pattern
and ~ontrel the n-onrreonce of oo~ and o'l in the overlvine bedo,
However, 't 1s n-lilrelv tnat any reefs ore precent In the area of
Permite 411 and 5412, Tne only platform from which thev sould

srow 1s the Keg Plyer equivalent and o Trr, no evidence of

reefing has been found in this area,

3 TECTONIC FOLLING AND @"TTLTING

Polde and taulto are present in this area and fractures
heva Pantrres have baen aprropriat -l welehted in the

‘aused tv

rreparagion of the f'ra~tare mips and the nlottine of the rractures

on the mosalc., Tt ~ppears that the tockonl~ “eathres hove ot
1y affented the normal geofri:tnve develorment In this ares,

4, TOPCLRAPHT™ REITWF AN AN INTRA - KDIMENTARY

Hneonformity. i 2 rossthle sonree of fracgurne tngencity
aaomalies . kot wikghin the Perm't Aaren 1§ te nlilrely that the

n the vedimorgary oo tlon *9

reltef nr any uncont'ormities wig:

fpa ot ro nathera,

ovrst enon-th Lo affect the

Refarenne to the Mota) @rocfure Pattery Map whion

Ancomraniac thin yoport w117 chov thot Bhere ape oo arens of

Thioh'! frastare ingensit-, ard Hvo arens of “low!” fractore iIngencity
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