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INTRODUCTION

This report discusses the results of a Fracture

Analysis Survey carried out within, and in the immed-

iate vicinity of, Petroleum and Natural Gas Permit

No. 4575. This Permit is located in the Northwest

Territories and is held under the Canada Oj! and Ges

Land Regulations and is located between 116° 45' to

117° 00! longitude and 62° 10' to 62° 30' latitude.

The Permit is 600 milea north of Edmonton and 60

miies west of Yellowknile.

The Yellowknile Highwey is about 25 mites south

east of the Permit and this ie te only road which

passes through the eree. Arcess 'o the Perm:  
itself is by “elicopter or on toot during me eurrwner

or by vehicle during the monthe when ee ground «  frozen. However, tere are ~~ -oasde ~ te eres

and considereble road consetructhon would te required

to reech eny perticuter eree.
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The eurtece of he Permii ie quite tlet-ltying

end tow! relie!t doses noi exceed 40 tee:. There is

only 6 poorty developed dreirag pattern within Giese

eree end Mere ere vrany ir regierty ehwred terge

end ervrell interminem tekee preee. A leyer of

very eott musheg covere Sue peri of fe Morth.-ee

Territories end oie rwekeg je co sof! ww! |! ie

imeeeeebie © eli bus egecielized vemcioe.

Vegewten consiets of Mich ewte of Hin

evergreen wees inwmregerced wih rary oper erese.

Trees open @ereee ere covered by “eheg gece

erd ere decidnovw gow. The evergreen reese

mow ww 606 TeduwT wey wre om Pe moan! end

Pe open erees ere « ignoter grey. A teow oval

oerchese of decihoue reese ere (rece.

Trere '@ “© topogrerevic torm of serie! photo

teotre preset which immedettel, s.gyeees fe ore-

eerce of any geologic structhre.
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Tre reevtte of Ole ervey ere iiterewd on

oo Yee! Freceure Map, to Meoge Freacnre Man

Che OOo wTeenic wih GO Irechre® superimposed.

in e@@itien wore are Ovee Nypowetice! cross-sections.

An @e@ ebeve cor te few in Go totder eo! HO beck

@ ote reger'.
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STRATIGRAPHY

Tre sedimentary section urce™ Fetroleum &

Nature! Gas Permit No. 4575 is abou: 2,400 feet

thick and tne Ordovician, Oevonian and Cretaceous

systems are represenied. An unconformity is

present between the Ordovician and Devonian

sysiems; (between the Chedabucto Lake formation   and the Chinchaga formation) and another is pre-

sent between the Devonian and the Cretaceous.

The Ordovician is mostly clasics with some amount

ot carbonate while the Devonian section is cam

posed of evaporite and carbonate rocks. The

Cretaceous is composed of clasiics. 
ORDOVICIAN  

The Ordovician section is aboui 650 feet

thick and is divided into the Oid Fort Island, La

Matre Falls and Chedabucto Lake formations. The

section is mostly carbonates with dolomite and limy   
 

RAYALTA PETROLEUMS LTD.

 
 



  

 

&

-_

 

 

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 ot

this unit sounds very similar to 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).
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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 LaMatre 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.
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Tre smiles ere platy, tissile and are ver'-

colored with red and green being the mos! common

color, but pinks, brown and gray also being pre

sent, silty to sandy Gnd ea! times siightiy dolomitic .

The sandstone beds are medium to light gray, and

fine to coarse grained. Where the sandsiore ilies

directly on the Pre-Cambrian Shield it is often

arkosic and in this area it is a "Granite Wash".

Grapholi‘e remains, date this formation as Middle

Ordovician. The sandstone ard dolumite members

of this formation are good potential reservoir

horizons.

CrFEDABUCTO LAKE FORMATION

The Chedabucto Lake 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

-.....' consists of a thick bedded to massive,
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good ouicrops. The gyosum is generally white,

or bended light to dark gray, and weathers to a

material of sott, powder, or putty-like consistency

wren moisiened. In places the gypsum beds are

comtorted and brecciated. One of the more com-

plete sequences of the lower beds of the Chin-

chage .......consis! (8) of thickly bedded to

meesive, pate brown, extremely vuggy., gyosilerous

limestone, succeeded by @ poorly exposed inter -

ve! of Minty bedded, light gray weathering lime-

stone, and overiain by massive, clilf-torming

pale brown limestone. Within a distance ol

about 10 miles ...... there lower beds change to

Gypeu™ and brecciated gypsum". Brecciated

@yoeuwn and carbonate beds are presen through

me entire secon in the area north of Great

Steve Lae.

RIVEREVAVALENT

Tre eectw. which corrermtes with the Keg

River tormetonrn @ caitec the Lorely Bay tormation.

———

 
     



 

 

ore @ §(°963) cer bee the tower part of the

Lerelt, Gay, formaronr ae ....."Mmassive dark

br Own @oParmt«c © part ety Oo 'c Imestone,

only bedeted ight gray 'nre graced to aphanitic

\woeetore wea'ther'rg orange brown, irregularly

er Fecdaed lhgnt Oo ve gray tO Medium gray,

fee grared mesione, rnedum -bedded aphanitic

signin, adotermitc «mesione, and thinly bedded

ponte brown ee! grily argitlaceous limestone. A

pourge* e@cthor 8 deecr bed as consisting of ...

“mee ve. dare 'o Ned um brown, tine grained

@ tert  mestore, overian by rreguiarly thin-

becited -edurm brown, tine grained to aphanitic

lLomeetore ~erbedded with nodu'ar limestone",

“USEO FORMATIONEQUIVALENT

ln we area rorth of Great Slave Lake

*s-@ are unte presen! which correlate to the

oeeg of rorthweetern Aiperia. It ‘es up to

$00 eer mech - Oe area ard ie «: prised of a   C
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C
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C
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C
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lower 100 feet of bituminous shale, @ middie '7$§

feet of green calcareous shale; and en upper

member up to 225 feet thick which consists of

gray to white reetal dolomite. This upper member

correlates to the Presqu'ile ree! of the Pine

Point area.

Fracture intensity contrasts could retiect

the edge of the Presquiile ree! or where there

is rapid change in lithology within the section.

   
 

 



 
 

 

 

TACEOVS

Tre Crewcecowe seodrrente ere ebo.w 600 to

000 we! &ce Geperdrag o evrtace etwvetion. The

@iche@' sectors ere presse wer re Milie.

Limotegicalty Pe section coreiete of dark

wey. comretorer,,. gyoe"ercvse eles. These

eres ere Lower Cretwceos |‘ age end ere

erectatty eqrvetent to Pe Peece Fiver end Spirit

Rrer tor-reatiomes of cortmern Alber.

TARTARY

A fur leyer of giecia! clay, sand boviderse

ard "| bee on @e eurtece of Pe TaD area. The

Pichr@ece of wee deposits -er es from place to

place but orobebly does ot exceed '00 tee.
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FRACTUREANALYSIS

This section of the report discusses the results

cot a Oewiled Fracture Ansiysis Survey carried out

on the area under discussion. An aerial mosaic (scale

1.5 inches equals approximately | mile) made trom

Oaminion Government aerial photograohs accompanies

this report. Trhese same photographs were examined

stereoscopically and the tractures plotted on the inch vid -

ual photographs, then transterred to the moseic tor

analysis

T he theory ihat the earth's crust is abundantly

and methodically tractured is the basic orenmise on

which is built the exploration tec Anique known as

Fracture Analysis. & Fracture is dened as " . gen

erally abundant, natural lineation discernble on aerial

photogrepns” .

Fracturing is targely caused Sy exterral stresses
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on We ew’ tace Tre mos! mportant are

(a) ear™ tides

(o) rade! acceleraton of the
ear™ along i's radus vector.

(cl @ gracias! decrease of the

eart's rate of rotaron.

As suted above, the earth is systematically

fractured and the fracture system would approach

symmetry | ihe crust were homogeneous. it is con-

edered Ma! irreguiar tes are caused by regional

Neler OGeneous CONd!'one with o the earth's crust. Local

Geoartures trom the norm are caused by structural or

siret'@greoh« arore!lese.

The erm “pRotogeoohyese cs was iniroduced by

Blanche: (1956) and deals with mapping, analys's and

ceroret@ron of fracture traces as recorded on aerial

ohotogr @ offs In @ more gereral way “photogeophysics"

a be Gelred as ™e ~Methodcal statistical analysis of

breer teatures seen o7- serial protographs and this
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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 fractures

directly on the mosaic.

In this report a megafracture is longer than one

mile and a microfracture is shorter than one mile.
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GENE RAL STATEMENT

ORIGIN OF FRACTURES

Fracturing is largely caused by external stresses

on the earth, although internal stresses may play some

minor roll. The most important of these external forces

are the diurnal! earth tides due to the gravitational effects

of the sun and moon; the change in radial acceleration

of the earth along its radus vector and the gradual

decrease in the earths raie of rotaron, The endless

rhythemic action of these earth des ‘s probably the

principal cause of the systematic trac'ture system seen

over mos! of the world, even though the amplitude of

these tides is only 9 i3 inches. The fractures are most

likely generated by the process of fatigue as the end

result of these stresses which are repeated regularly

over millions and millions of years. Metals fatigue in

the same manner when subjected to continual vibration .
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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 different 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 engendering mechanism in 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 torces,

and the most probable of these is isostatic adjustment.
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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,

If 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 of both

deciduous and evergreen trees as well as scrub grauwtn

are universally visible. However, the most common

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
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in the 8 outhern parts of Alberta and Saskatchewan,

eapecelly “ear large rivers.

Surtace investigations have shown thai

fractures ere associated with bedrock joints, however,

in glaciated areas such as western Canada, the photo-

analyst -nust take care to establish the direction of ice

flow over an area belore he begins to statistically

plot and analyse the tractures. Mos! areas in western

Canada show an abundance of grooves and tiutes

caused by the glacier and these mus! not be mistaken

for fracture traces caused by subsurtace struciural

conditions. In parts of the Lioydminster area otf

eastern Alberta the glacial scars are so deeply im-

pressed on the surface that fracture analys.s is at

best difficult and otten impossible.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis’ ( >hotogeophysics)

ia to locate shallow to deen-saeated ctructwal and
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in fracture count (F/!') between two points may be

in part due to structure, but, also due in part to

different surface conditions. To some extent, this can

be compensated tor by apply'ng appropriate weight'ngs

to the observed counts, but over or under corrections

may result.

Nevertheless, ‘n sp'te of these sources of error,

it has been demonstrated in (plains) areas where

abundant subsurface control 's available, that the incidence

of fracturing is considerably above normal in the surround-

ing area trnmediately out from the steepest part of the

flanks of the structure. This is 'n contrast with a

low or normal incidence over the cresta! area, and

also to a normal incidence oft structure.
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FRACTURE ANALYSIS
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The irecase paitern @6 shown on ihe enclosed

moesic end Tepe shows @ gree! varietior in imene'ty

over verious erees of me Perm:. Tre Permi: is

leceted in ms Muskeg sree “orm of Cree! Sileve

Leke end ie many miles from me closes! setttement.

The sedimenwry section is probably abou 2,000

tee: (plus) Mick end severe’ syewmrs are represened.

in eddition @ min teyer of Tertiary giecia! '' covers

rearty el! of me erea. Potter's reservoir hori sore

ere present within both me Or dowan and the OD5evorman

sections.

Frectures e868 plotted on the “oseic show con-

siderable veriation in inwene''y. There are two sees

where the trecture 'nwene y 8 greser han norma!

end mere ere two serees wrere we trecture interns 'y

ete, ts ©Temswes ATS
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in any Irectsre gattern there are two main

eyeeere of irectree the ena! system and the shear

eyo. in bom Syowmes the frectures are sub-pare'i«!

end in gerere!, Me wo systems are a! approximate

rig ergiee to each oer. Within Petroleum and

Nenee! Gee PermNo. £375 the sitistical mean

@rection of me ana! sysie™ if north 30 degrees west

erd wwe swiiotica! ween drection of tine shear sysiem

te norm $38 degrees eest. A third minor system,

rere twerred he &-ex\e! system, trends nearly

rorP-e0.u"%".

No regiora! trectures of gree! length can be seen

erd @0 theee ere conceded to or gireate within ine

Gecseren, § ie eseured tha! @! fractures plotted on

te moseic originaie within the sedimentary section.

Furtermore, a8 me fractures are shor: for this area

it i@ very likely et Mey or grave in the upper two

Pirds of te sedimrenwary section. As the surtace

of @e Permit ‘9 rela vely tla ‘ying ro azimuth

correction ie receesary for is study. 't has been
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demonstrated that the low incidence 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 wi!

be discussed in the next section of this 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

of 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

Basement topography under Permit No.

4575 is thought to be much the same as

it is today along the southwest edge of the

Shield. Low rounded hilis separated by

gentie to abrupt valleys are seen on the

Shield and these features are undoubtedly
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present under the sudject Permit. The

effect of this Basemen' relief on the over -

lying sedimentary rocks is olten great. The

Granite Wash sand ia usually present in the

topographic "lows" on the Besement but

absent on the "highs". The Grenite Wash

is an excellent potential reservoir.

Further effects of Basement topography

on beds highe: than the Granite Wash is

the gentile folding presen! over Basement

hills. These folds are aniiciines in every

sense and could form traps for oil or gas.

Many small fauits 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.
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Reference to the Total Fracture

Pattern Map which accompanies this report

will show that there are two areas of "high"

fracture 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 surface. 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 "lowthe 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.  
Respectfully submitted by:

RAYALTA PETROLEUMS LTD.
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