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INTRODUCTION

This report discusses the rssullts ol a Fraclure
Analysis Survey carried out within, and in the immed-
iate vicinity of, Petrolevm and Natural Gas Permil
No. 4575. This Permit is located in the Northwest
Territories and is held under the Canada Oil and Gas
LLand Regulations and is localed between 116° 4S3' 10
117° 00' longitude and 62° 10' 10 62° 30' latitude.

The Permit is 600 miles north of Edmonton and 80

miies west! ol Yellowknile,

The Yellowknile Highway is about 2% mies sout™
eust of the Permit and this s "™e oOnly road which
passes through the area. Acrcess 'o the Permi
itse! is by "elicopler or on 100! uring e Swrrwrer
or by wvehicle during the monthg whren e ground
irozen. However K here are "o roade " e area
and CoONSiderable roac CONSiruc HOoN WOoUd e reguTed

1o reach any particular area.
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The surface of he Permil is quive lel-lying

and 10wl relie! doses NOt enceed 40 leet. There |e
only &8 poorly eveloped reairage peNern within hig
erea and Mere are many irregularity sheged \erge
ond orvall intermitten ke prese., A Wayer of
vory oot mu@he) COVere Pue gari ol e Northwee!
Teorrioriee and Mg musheg s 0 soft Pw! it e

mgseeabie w0 8l Lt egecielized vehiciwe.

Vegewmtien conesigts of ich swmnde of Bin
OVErgreen Wees INEregerced with many ogen ereas.
Theee o0pen @088 07 COVered by musheg greee
Ond Scruld ACide growt, The evergreen weees
oW Up 88 & ™edum grey Wre on Pe moesic snd
e open 6reas ere & lighwer grey. A lew erall

OB chee o ARCIAOUS WOOS 87 Feee

Trere i no wWpogrerdic lorm or aerial photo
eahre presen which imwmedanly S.QUees Pe we-

sence of any geologic truchose,
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The recuite of hig swrvey are liheirewd on
oo Tewm! Frechsre Map, o Mege Frechsre Map

ohi® PO MOMRIcC With PO FOChre® SuUPeIrimooeed.

n odPieon POre Are Pwee Mhypotweticel croes-eecltons.,

AN 0 b0 on be louwd in P feider o' P bach

o Ng repert,




STRATIGRAPHY

The sedimenary secton urce" Fetroleum &
Nature! Gas Permit No. 457S5 is abou' 2,400 feet
thick and the Ordovician, Devonian and Cretaceous
sysiems are represented. An unconformity is
present between the Ordovician and Devonian

sysiems; (between the Chedabucto Lake formation

and the Chinchaga formation) and another i1s pre-

sen! between the Devonian and the Cretaceous.
The Ordovician is mostly clas ics with some amount
ol carbonate while the Devonian section 1s com
posed of evaporite and ca~bonate rocks. The

Crelaceous is composied of clastics.

ORDOVICIAN

The Ordovician section is aboui 650 feet
thick and is divided into the Oid Fort Island, La
Maire Falls arnd Chedabucto L.ake formations. The

section is mostly carbonates with dolomite and limy

RAYALTA PETROLEUMS LTD.
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dolomite being the dominant rock type. A sandstone

unit occurs at the base of the section.

OLD FORT ISLAND FORMATION

The Old Fort Island formation is the oldest
Paleozoic rock unit present in the area north and
northwest of Great Slave Lake. The unit is pro-
bably a "Granite Wash'' type of deposit and where
exposed in outcrops consists essentially of sandstone.
Norris (1962) describes the unit as ''consisting of
thin to thick bedded, fine to coarse grained, vari-
colored but mainly white, friable, quartzose sand-
stone; some thin beds of greenish gray and dusky
red siltstone; and occasional laminae and partings
of green shale'". The sandstones are usually
porous and often friable, Norris's description of
this unit sounds very similar 1o the present writer's
description of the Granite Wash formaticn as present
in the Red Earth Oil Field in Township 87, Range

8, West of the Fifth Meridian (Alberta).

RAYALTA PETROLEUMS LTOD.
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As the Old Fort Island Formation has yielded

no fossils as yet its exact age is unknown and a
similar age problem exists with the Granite Wash in
northern Alberta, However, both formations appear
to be conformable with the overlying beds and both
are often confined to topographic low areas on the
Pre-Cambrian Shield. The age of the Old Fort
Island formation is, therefore, probably Middle
Ordovician, but older than the La Matre Falls
formation. The sandstone beds of this unit are

an excellent potential reservoir.

LA MATRE FALLS FORMATION

The L.aMatre Falls formation is 300 to 350
feet thick in the region under discussion, and
consists of red and green shale, fine to coarse
grained sandstone and silty to sandy dolomite. The
base of the La Matre Falls is often an argillaceous
silty, oolitic limestone with some sandy and con-
glomeratic dolomite and sandstone. Gypsum and

salt are also often present.

RAYALTA PETROLEUMS LTD.
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The shles are platy, lissle and are vari-
colored with red and green bLeing The MmMaos! CoMmmon
color, but pinks, brown and gray also being pre
sent, siity 10 sandy and a' times shightly dolomitic ,
The sandstone beds are medium to light gray, and
fin@e to coarse grained. Where the sandsione lies
directly on the Pre-Cambrian Shield it is olen
arkosic and in this area it is a "Granite Wash" .
Grapholi‘e remains, date this formation as Middle
Ordovician. The sandstone and dolomite members
of this formation are good potential reservoir

horizons.

CHEDABUCTO LAKE FORMATION

The Chedabucto L_ake formation is about
200 to 250 feet thick in the vicinity of the Permit
and the unit consists of massive, cliff-forming
dolomites some of which are sandy and conglo-
meratic. Norris (1962) describes the formation

«+ss.."consists of a thick bedded to massive,

RAYALTA PETROLEUMS LTD.
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The reee’ voir DOBebilitgs of Pug Wi in PE b
SUritace GO0 "O! AOOBAr W LO greal as only irar
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This lormation s overain e orior vably by Te
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The Oevonian section is about | 07 lee!
thick and consists of the Chinchaga 'ormation
plus units which are equivaleri 10 the Keg River

and Muskeg formations. The exact! sequerce
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90o9d oulcrops . The gyosum is generally white,

or banded ligh! 10 dark gray, and weathers 10 a
material ol solt, powder,K or putly-like consistency
whren moistened. In places the gypsum beds are
comored and brecciated. One o the more com-
plete sequences ol the lower beds ol the Chin-
chage .......consis! (s8) ol ™ickly bedded to
maseive, palea brown, extremely vuggy, gyosilerous
limestone, succeeded by a poorly exposed inter-
val ol minly bedded, light gray weathering lime -
storne, and overiain by massive, cliff-lorming

pale brown limestone. Within a distance of

avout 10 miles . .. ... here lower beds change (o
gypew™ and brecc ated gypsum' . Brecciated
gyoeswm and carbonate beds are presen! through
e entire secton in e area north ol Great

Save Lawe.

HKEQ PIVER & RAVALENT

Tre s@ci e which correaes with the Keg

R ver tormarton 9 called e LLome'y Bay ‘ormation,




Poor v & 1'96)) wer - Des the lOwer par! ol the
Love'y Bay, tormaton ae ..... "massive dark

Ly G Spfan-tc N pact 8'y 0 e hmestone,

Wity bDedded g gray ' ne gra ~ed 10 aphanitic
e elone wea'her g orange brown, irregularly
"en bedded hght O ve gray 10 medium gray,

Fre grea ned mestone, Nnedium -bedded aphanitic
shghtly oot ¢ mesione . and thinly bedded
e Lrown 8 ghtly argllaceous limestone. A

yorges eector s descr.bed as consisting of ...

moaee ve  Gars 0 med um brown, line grained
w fer 4 restore, Overla ~ by ‘rregulariy thin-
tedded ~e@dun bLrown, ''ne gra ned 'o aphanitic

| reetore ~ertedded w'ih nodu'ar Iimestone'

VB g O FORMATION EQUIVALENT

v e area ~or'n ol Grea! Slave L.ake
‘3-8 are e presen! which correlate o the
ameg o rorhwestern Albera. It s up to

800 @@’ M ~n Ve area ard '8 (- mprised of a

©0000000000000000000 9
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lower 100 feet of bituminous shale, a middie 7%
feet of green calcareous shale; and an upger
member up to 225 feet thick which consists of

gray to white reefal dolomite. This upper member
correlates to the Presqu'ile ree! of the Pine

Point area.

Fracture intensity contrasts could rellect
the edge of the Presqu'ile ree! or where there

is rapid change in lithology within the section .
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CRETACEOUS

Tre Crewceous sed~enig are abowr 400 w
000 et "ch deperdng o swuriace eeveaton, Thre

iCch® ° SOCHONE 470 reeen™ urier e hiillg,

L iologically Pe secton coreiets of derk
Prey, corwretorary, gypetercus shales. These
sraies are Lower Crewmceous " age and are
protatty egsvalen w0 e Peace River and Sgpiri

RNrver lorvatione of northern Alberw.

' TRATIARY

A mirn ayer ol glacial clay, sand boulders
ard ' hee o e suwriace of e map area. Tre
Pickreee o Twee depoeits e~ es rom place ‘o

place Dt probabdbly does "ot exceed 00 feer.




FRACTURE ANALYSIS ’

This section ol the report discusses e results
f of a Dewiled Fracture Analysis Survey carried out

on the area under discussion . An aeria! mosaic (scale

1.9 inches equals approxirately | mile) made from

Dominion Government aerial photographs accompanies

slereoscopically and the Iractures plotted on the individ-
wal photographs, then translerred 10 the mose ic lor

aralysis

The theory ihat the earth's civ ust is abundantly

and methodically fraciured /s the basic premise on

which s built the exploration techniqgue =Nown as
Fracture Aralyss. A Fracture is delrned as .gen

erally abundant, natural lineation discer~ble on aeral

ohotograohs ' .

Fracturing is largely caused Dy exterral siresses

‘ this report, These same photographs were examined

S8t0. e *9 LS WE "D




o e s lace Tre mos! mportart are

(a) ear™ 1ides

(b)) rada! acceleration ol the
ea ™ along s radus veclor .,

fc) & groacdum! decrease ol the
ear™'s rate o rowmton,

As swled above, the eart™ s systematically
fraciuvred and e ‘racture syste™ would approach
symmetry ! he crus! were homogeneous. It is con-
vdered ha! rregular lies are caused by regional
heler oge eous (ondtona wh n he earth's crust. L.ocal
deoartures rom e norm are caused by structural or

sirat g aoh anovales.

Tre e "photogeophys cs was niroduced by
Bancre: (19%6) and deals w ™ mappng, analys's and
nerpremton of fracture traces as recorded on aerial
ohotographe In a more gereral way ''photogeophysics'
an be del ed as "™e mehodcal statstical amalysis of

hnear featu es seen on aeral photographs and this

BAYALTA PETROLEUMS LTD




system is applied by any method recording all obser-

vable lineations, or the totality of a certain type of
linear feature, and the statistical presentation of the data
on contoured intensity maps of dry plotting the ftractures

directly on the mosaic.

In this report a megafracture is longer than one

mile and a microfracture is shorter than one mile.

RAYALTA PETROLEUMS LTD




GENERAL STATEMENT

ORIGIN OF FRACTURES

Fracturing is largely caused by external stresses
on the earth, although internal siresses may play some
minor roll. The most mporiant of these external forces
are the diurnal earth tides due to 'he gravitational effects
ol the sun and moon,; the change n radial acceleration
ol the earth along its radus vector and the gradual
decrease in the earth s raie ol rotaron. The endless
rhythemic act'on ol these ear'h ''des 's probably the
principal cause ol the systema!c trac'ure system seen
over mos! ol the world, even though the amplitude of
these tides 's only 9 (3 inches. The fractures are most
likely generated by the process of fatigue as the end
result ol these siresses which are repeated regularly
over millions and millions o! years. Metals fatigue in

the same manner when subjected to continual vibration .

RAYALTA PETROLEUMS LTD.
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In general the initiating forces which generate
fractures must have continued for a very long time and
the process involved are continuous and are probably
active at the present time. Furthermore, Mollard (1957)
states, "The mechanism required to reflect lineaments
to ground surface must be reasonably simple, for
simple patterns are produced on diverse topography
and in diverse types and depths of surticial deposits
that overlie ditferent kinds of relatively flat-lying sediment -
ary rocks of varying thickness. The mechanism pro-
ducing the lineament pattern must persist over extensive
and widespread belts of the earth's outer shell, that
is today, the engeﬁdering mechanism n fact be world

wide' ,

External forces such as earth tides obviously fit
these parameters. Some internal forces may also
apply such as the action of deep seated tectonic forces,

and the most probable of these /s isostatic adjustment.

RAYALTA PETROLEUMS LTD




Isostatic rebound following the melting of the glaciers
may still be taking place and this will further accent-

uate fractures present before glaciation.

In general it can be said that fracture patterns

are caused by either internal forces or external forces.
It the forces are internal the result would be different
orientation of the fracture systems in areas of similar
tectonic history but different position. If the forces

are external the orientation of the fracture arrangement
should have world wide similarity. However, stable
areas such as the masses of the continents may develop
fracture patterns due to external forces and tectonically
active areas may develop their own pattern due to

internal forces.

If joints form early in the history of a sediment

then systematic joints must be successively younger
upwards through the section and the joint pattern is

imposed on each new layer of sediments when they

RAYALTA PETROLEUMS LTD.




have become consolidated enough to fracture. This
upward propagation is caused by the fatigue caused
by stress, which in turn is caused by diurnal earth

tides.

EXPRESSION OF FRACTURE

Fractures have been observed in aerial photo-
graps from every climate and on every continent in
the world. They are expressed as topographic relief,

vegetation differences and soil tonal differences.

TOPOGRAPHIC RELIEF LINEAMENTS

A common type are relief lineaments which
can be manifested by a change (usually abrupt) of topo-
graphic elevation on either side of a relatively straight
line. They may also be expressed as straight valleys
or hills or by straight streams where the stream course

is controlled by a fracture zone.

RAYALTA PETROLEUMS LTD.
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VEGETAL LINEAMENTS

Vegetal lineaments are the most common in
the parkland and muskeg areas of western Canada
and many excellent examples of fractures can be seen
on almost any aerial photograph of northern Saskatchewan,
Alberta or British Columbia. Straight lines ol both

deciduous and evergreen trees as well as scrub grawth

are universally visible. However, the most cormmon
vegetal lineament seen by this writer is a straight
"edge'" to a clump of trees or bushes. In many cases
these fractures control the size and shape of cultivated
fields. Excellent examples of this latter expression of
fractures are present in the western part of the Peace

River district.

SOIL. TONAL LINEAMENTS

These reflect differentiation in soil moisture

and general ground water conditions. These are common

RAYALTA PETROLEUMS LTD.




in he & uthern parts ol Alberta and Saskatchewan,

especally near large rivers,

Surface investigations have shown that
Iraciures are associated with bedrock joints, however,
in glacialed areas such as western Canada, the photo-
analyst! nus! lake care '0 establish the direction ol ice
flow over an area before he begins !0 statistically
plot and analyse the iractures. Mos! areas in western
Canada show an abundance ol grooves and liules
caused by the glacier and these mus! not be Mmistaken
for fracture traces caused by subsurlace struciural
conditions . In parts ol the Lloydminster area of
eastern Albertia the glacial scars are so deeply m-
pressed on the surface that fracture analys.s 1s at

best ditticult and often impossible.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis (™hotogeophysics)

RAYALTA PETROLEUMS LTD




siratgrach e anoal es Tne actua! coum ol Iractures
PeT el acea ‘e made and vahes are contoured on a
Worgenre tvrermty Map” In areas o! known reels
fe o e eere'y 8 ] ) 'ves greater on the llanks

o e ‘ew’ Prean Pdrecily above the ree!.

b any Machore patern here are two main
ssew e of acrn, o Te aca system ard the shear
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in fracture count (F/!) between 'wo points may be

in part due to structure, bu!, also due n part! 10
different surface condittons. To some exient, this can
be compensated for by appl!y'ng appropria'e weightngs
to the observed counts, but over or under corrections

may result,

Nevertheless, ‘n spte of these sources ol error,
it has been demonstrated n (plains) areas where
abundant subsurface control 's available, that the incidence
of tracturing is considerably above normal 'n the surround-
ing area irmmediately out from the steepest part of the
flanks of the siructure. This s 'n contrast w''h a
low or normal incidence over the cresta! area, and

also to a normal incidence oft structure.,

900000000 OCOCOCOCOOOOOONONEOO
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FRACTURE ANALYSIS
ol

PR 1. RAN. UL} i T

The irechwre paitern 88 Shown on 'he enclosed
moesic and Mape Shows & Pgrea! variatior in inensity
over verious erees ol he Permi, The Permit is
located in he musheg erea nor™ ol Ores' Slave

Lake and is many miles from e closeast settlement,

The sedimentary sec''on 8 probably abou 1,000
tee! (plus) thick and severas' sysems are represenad,
In addition @ thin layer ol Tertary gacie! ' covers
rearly all ol e area. Power'a reservoir hori :one
are present within both e Or dovic an and e Devorianr

sections .

Frachuwes a8 ploed on he mMosaic Show (on-
sicderable variaton in ingre’iy. There are "wo areas
where the frecture '"ens y ® grea‘er han normal

and There are '™Wwo areas where e 'reciure inmnrs 'y
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I o woe Pan normal, The ngh o ngiry arene

Ore Shown in red and Pw low inMeneity aress ere

Shown in green. The averege leng® o ®e echwree

s abowt 3,000 lee! and DO mege 8nd micro rechses
i Ore preseni. I is wor®v ol speca! NOW 1© mention

e glaciel prodlem In »is gres.

mb'-u-c.kmnmuo”

ares s moderemly scarred with glacie! grooves ang

north 30 degrees eas!. Some o Tese 9rooves are

00 deeply impressed on e suriace et ey cortrol
”“ud”bnoomdmrmlnNQm.

In any aree such ae thig the photoara'lys! s Wced with

he difficult problem of elimirnating 1he glecial scers
from the Irecture pamernr withous creoating lalee
enomilies. The remove! of all irectures rom @ 10-
12 degree arc in any aree will cresw trachse anorma
lies and it requires delicave weighting o e whole

patern 10 adjus! for ese eflects.

‘ . Siriations and Ma! e drection of ice Now wae ebout
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n any Irechwre gaern there are two main
eysteme ol recthuree e arnal sysiem and the shear
eystem ., In bo?h esyswems the ‘ractures are sub-pareiic|
end in gererel, e "™MO SysSlems are a! approximate
righv argles © each other., Within Peiroleum and
rNathre! Gas Permit No, 43573 e swatistical mean
Grection ol he as=al system s north 30 degrees west
and o owmtigtical mean direction ol ine shear sysiem
s north 33 degrees eas!. A third minor sysem,
nore Wwrved e sub-axial sysem irends nearly

O - 9Outh

No regloral freciwres o grea! length can be seen
arnd 80 Mese are conceded 'O oOr.giree within 1he
Besement, t is asswrmed a' a ! iractures plotled on
he MOoSeic or.ginae within the sedimenary section,
Furthermore, as ™e iraciure s are short! lor this area
it e very linely ™t ey or grw'e n the upper two
hirde of e sedimenary secton, As the surface
ol e Permit ‘s relai vely fla 'ying no azimuth

correction is recessary lor ™ig study. It has been
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demonstrated that the low incldor{co anomaiies on a
mosaic are considerably larger than the subsurface

feature which causes them,

There are two areas on the mosaic where the
fractures are less intense than the surrounding area.
Some fractures are always present within these areas
but they usually have a lower incidence than the
surrounding area. These low intensity areas are
important and it is quite likely that they are due to
some subsurface feature. The type of feature will

be discussed in the next section of ithis report,
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_STRUCTURE

Petroleum and Natural Gas Permit No., 4575
is located on the interior plain of the Northwest
Territories about 55 miles to the west of the edge
ol the Pre-Cambrian Shield. The strike of the
sedimentary rocks is about north 25 degrees west and
the units dip to the southwest at a few tens of feet

per mile.

Structural features which could be present and

which could cause the low incidence anomalies mention-

ed in this report are discussed in order or probability.

(1) PRE-CAMBRIAN TOPOGRAPHY

BSasement topography under Permit No.
4575 is thought to be much the same as
it is today along the southwest edge of the
Shield. L.ow rounded hilis separated by
gentle to abrupt valleys are seen on the

Shield and these features are undoubtedly

RAYALTA PETROLEUMS LTD.
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present under the subject Permit, The
effect of this Basemen' relie! on the over-
lying sedimentary rocks is often great., The
Granite Wash sand is usually present in the
topographic "lows" on the Basement but
absent on the "highs". The Granite Wash

isc an excellent polential reservoir,

Further effects o!f Basement topography
on beds highe:: than the Granie Wash is
the gentle folding presen' over Basement
hills. These foids are anticlines in every

sense and could form traps for oil or gas.

Many small faults have been reported
by A.W. Noriss (1965) in the Basement
and immediately overlying rocks and these
features could cause closure within the

sedimentary units.,

!
000 0000060OCOCGCOGCOGSIOSGIOIOONONOIODO
‘
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(2)

(3)

(&)

DEVONIAN REEFS

Devonian reefs strongly aftect the
fracture pattern and control the occurrence
ol gas and oil in the overlying beds. Small
Middle Devonian reefs are present iust west
ol this Permit and others could well be

present under the subject area.

TECTONIC FOLDING & FAULTING

The presence of tectonic folds is very

unlikely, but some normal fauliing is pro-

bably present,

TOPOGRAFHIC RELIEF ON AN

IMENT Y _UN FORMITY

Uncontormity, is a possible source of
fracture inlensity anomaiies, but within the
Permit area it is uniikely that the relief on
any unconformities within the sedimentary
section is great enocough 'o affect the fracture

patern,
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Reference to the Total Fracture
Pattern Map which accompanies this report
will show that there are two areas of '"high!"
tracture intensity, and two areas of "low!"
fracture intensity(green). The general
interpretation is that the low fracture intensity
areas are underlain by topographic highs on
Basement. With this established, the deduction
is that the Basement is high in the northwest

and southeast corners of Permit No., 4575.

These Basement high features are most interesting
from the oil and gas point of view. The general shape
of both features is such that the causative feature must
be a hill on the Basement surtface., A fault is unlikely
as the causative feature as the high area is over one
and one-half miles in widih, If a fault caused the
fracture '"low! the width of the low would be about one

mile or less.
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Three hypothetical structure cross-sections
accompany this report and reference to them will
show how Basement "highs'! are inferred to be
present beneath areas of low fracture intensity,
Two profiles run at right angles to the strike of

the Basement while the third is paraliel to strike.

Respectfuily submitted by:

RAYALTA PETROLEUMS LTD.
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