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INTR T

This report discusses the results ol a Freciure
Analysis Survey carried out within, ano in the
immediate vicinity ol, Petroleum and Naturael Gese
Permit No. 4570, This Permit is locawed in the
Northwest Territories and is held under the Careds
Oil and Ges Land Regulations and is locawd bLetween
16° 30' 10 116° A3 longitude, and 6I° S0’ o 623° GO
latitude. The Permit is 600 miles north of Edmonton

and 00 miles southwest o! Yeliowknile .

The Yellowknile Highway cuts twough e
southeas! cor~ar ol the FPermit and thie s e only
road which pasees Pwouph e area. Access w0
the Permit itsel is by Melicopter or on loot dring
the surrwrer or by vehicle dwuring e monihe when
the ground i frozen, Fowever, Pere are "o
roade in e area and coNS.dereabie road CONelr ,C hon

would be required W reach any pertcular ereas.
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The results ol this survey are inustrated or
the Tow! Fracture Map, the Mega Fracture Map plus
ine mMosaic with the (ractures superimposed. In
addition there are three hypothetical crogs-sections,

Al the above can be found in the foider at the back

ol this report.
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STRATIGRAPHY

The sedimentary section under Petroleum &
Natural Gas Permit No. 4570 is about 2,400 teet
thick and the Ordovician, Devonian and Cretaceous
systems ar e represented. An unconformity is
present between the Ordovician and Devorian systems;
(between the Chedabucto L.ake formation and the Chin-
chaga formation) a‘nd another is present between
the Devonian and the Cretaceous. The Ordovician
is mostly clastics with some amcunt of carbonate
while the Devonian section is composed of evaporite
and carbonate rocks. The Creiaceous is composed

of clastics.

ORDOVICIAN

The Ordovician section is about 650 feet
thick and is divided into the Old Fort Island, La
Matre Falls and Chedabucto Lake formations. The

section is mostly carbonates with doiomite and limy
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dolomite being the dominant rock ‘ype. A sendetore

unit occures at the base ol the secton,

OLD FORT ISLAND FORMATION

The Old Fort Island lormation is the oldees!

Paleozoic rock unit present in the area north and
northwes! ol Great! Slave LLake. The uni'! ie pro-
bably a "Granile Wash” type ol deposi! and where
exposed in oulcrops consisis essentially o sadsione
Norris (1962) describes the unit a3 "consisting of
thin to tthick bedded, line 10 coarse greined, .ar:-
colored but mainly while, Iriable, quartzose sand
stone; some thin beds ol greenish gray and dushky
red siltstone; and occasional lam rae and par tings
of greer: shale''. The sands'ornes are usualily
porous and often iriable. Norrig's description ol

this unit sounds very simiiar 10 the present wriler's

description of the Granilte Wash lormaiicr as present
in the Red Earth Oil Field in Township 87, Range

8, West of the Fitth Meridian (Aiberta).




L]

As he Otid Fort lsland F ormatlion Nas ylelded
no lossils 88 ye! its exac! age s unknown and &
similar ape problem exists with the Graenite Wash in
nortrern Alberws. FHowever, both lormations appear
© be conormable w'th the overlying beds and both
ere ohtan conlined 10 topographic low areas on the
Pre-Cambrian Shield. The age o! the Old Fort
lsland lormatior is, thorelore, probably Middle
Ovdovician, but oider than the La Matre Falls
tormation. The sandsione beds ol this uni' are

an excellent powntial reservoir,

A MATRE FALLS FORMATION

The LaMaire Falls tormation is 300 to 350

tlee! thick in the region under discussion, and
consists of red and green shale, 'ine 10 coarse
greined sandstone and silty 10 sandy dolomite. The
bease of the La Matre Falls is often an argillaceous
eilly , oolitic limestone with some sandy and con-
glomeratic dolomile and sandstone. Gypsum and

salt are also often presasnt.
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The shales are platy, lissile and are vari-
colored with red and green being the most common
color, but pinks, brown and gray also being pre-
sent, silty to sandy and at times slightly dolomitic.
The sandstione beds are medium to light gray, and
fine to coarse grained. Where the sandstone lies
directly or the Pre-Cambrian Shield it is often
arkocic 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 reser\voir

horizons.

CHEDABUCTO LAKE FOR MATION

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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highly resiswant, sca p-forming, line greined .
grenular, in places minutely vuggy. mediurm brown
dolomile, commonly weathering a pale orenge or
orar.ge-brown in the south, and a ye llowish brown
and gray in the north" . Purple mottling s corimen
and chert is olien present. The age of the
Chedabucto L.ake formation is Upper Ordovician .
The reservoir possibilities of this unit in the sub-
suriace do not appear 10 be grea! as only mimdr
vugs are reporied from the surface exposur.ss.
This tormation is overlain unconformably by the
Middle Devonian System and the Chinchaga for™

ation of the Middle Devonian is the ov®’  ying o

DEVONIAN

The Devonian section is abeul | w7 . jes!
thick and consists ¢! the Chinclagae lormation
plus uniis which are equivalent to the Keg River

and Muskeg formations. The exact sequence
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Dreccie . Tre Crurcrage wr«oriorwably owertes
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overiain try yourge  Made Crovoriar tede e v 8

(1963) esmws " Tre Crirncrags 'or~aton e moely
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gocd ouicrops. The gypeum s generaelly whiwe ,
or banded light 10 dark grey, and weathers 10 &
materieal ol soft, powder,K or putty-like coneistency
when moistened. In places the gypeum beds are
contored and hrecciated. Ovre of the more com-
plete sequences ol he lower beds ol the Chin-
chage .......consist (8) of thickly bedded ‘o
maseive, pale brown, extremely vuggy. gypeilerous
lmestorn , succeedsd by & poorly exposed iner-
val of !inly bedded, light greay weathering e -
store, and overlain by mase/ve, clil-lorming

oale Lrown limestone. Within a disence ol

ebout 10 milee . ..... here lower bede change to
gypeum and breccieled gypeum”. Brecciawed
grypewn and carborae beds are present hrough
"o entire sector in the area north ol Greatl

Save Lane.

HED PMIVER EQMAVALENT
The sectidr which correlaes with the Keg

River loraton s called e Lorely Bay formation.
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Norris (1963) describes the lower part of the
Lonely Bay formation as .....''massive dark
brown aphanitic in part stylolitic limestonc;

thinly bedded light gray tine grained to aphanitic
limestone, weathering orange-brown; irregularly
thin-bedded light olive gray to medium gray,

tine grained limestone; medium ~-bedded aphanitic
slightly dolomitic limestone; and thinly bedded
pale brown slightly argillaceous limestone. A
younger section is described as consisting of ...
"massive, dark to medium brown, fine grained
to telid limestone, overlain by irregularly thin-
beadded medium brown, fine graned to aphanitic

limestone interbedded with nodu'ar limestone! .

MUSKEG FORMATION EQUIVALENT

In the area north of Great Slave Lake
irare are units present which correlate to the
muskeg of northwestern Alberta. It is up to

500 feet! thick in th's aiea and is comprised of a

HAYALTA PETROLEUMS LTD.




lower 100 teet of bituminous shale, a midde 173
feet of green calcarcous shale, and an upper
member up tv 225 fleetl thick which consists of
gray to wiiite reelal dolomile. This upper Member
correlates to the Presqu'ile ree! ol the Pire

Point area.

Fracture inwensity contrasts could rellect

the edge of the Presqu'ile ree! or where tere

is rapid change in lithoiogy within he section .




CRETACROUS

Trhe Crewceous sedments are abow 400 o
000 tee! Mick dependng on suriace elevation Thre

DrNCm@r SOCHOTE Are Dresent under e hille .

L iologicallty he secton cons'sis ol aare
grey . corcrevorwry, gypelerous shales. Threse
srmies are Lower Cretaceous 'n age and are
protably eguvalent 10 he Peace River and Soirit

RNiver lormations ol northern Alberw.

TERTIARY

A min ayer of glacal clay, sand boulders
and 1)l lee on ™a suriace o! e map area. T re
icmreoss o Tese deposis e~ es rom place to

place byt orotably doess NO! emceed 100 flee:.




FRACTURE ANALYSIS

This section of the repor! discusses the reaulls
ol a Dewiled Fracture Aralysis Survey carr.ed oul
on the area undar discussion. An aerial mosaic (scale
1.9 inches equals approximalely | mile) made trom
Dominion Goverrwant aerial photographs accomopanes
this report. These same photographs were examined
stereoscopically and the ractures plotied on the Individ-
wal photographs, then wranslerrea 10 the mosaic lor

analysis

The theory that! the earth's crus! is abundantly
and methodically fraciured is he basic prem:.se on
which is bulll the e=xploration lechnique known as

Fracture Aralysis. A Fracture is delined as “...Qe"

erally abundant, ratural lineation discerrble on aer.al

photogreophs ™ .

Fracturing is largely caused by exterral siresses

L J
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on the surlace. The most important are:
(a) earth tides

(b) radial acceleration of the
earth along its radius vector.

(c) a gradual decrease of the
earth's rate of rotation.

As stlated above, the earth is systematically
iractured and the fracture systemn would approach
symmetry it ihe crust were homocgeneous. It is con-

s o -ed that irregulariiies are caused by regional
nete rogenNneous conditions within the earth's crust. L_ocal
departures from the norm are caused by structural or

siratigraphic anomalies.

The term "phologeophysics” wwas introduced by
Blanchet (1956) and deals with mapping, analysis and
/nterpretation of fracture \races as recorded on aerial
photographs . In a more general way "photogeOphysms“
can be delined as the methodical statistical analysis of

linear leatures seen OnN aerial photographs and this

RAYALTA PETROLEUMS LTD
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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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GENERAL STATEMENT

ORIGIN OF FRACTURES

Fracturing is largely causec by extierral siresses
on the earth, although interna!l siresses may play some
minor roll. The most :mporiant ol these external forces
are the diurnal earth tides due to 'he graviatonal eflects
of the sun and moon; ihe change in radial acceleration
of the earth along its radius vector and the gradual
decrease in the earth's rate ct rotarron. The endless
rhythemic action of these earth t'des 's probably the
principal cause of the systematc trac‘ure sysiem seen
over most of the world, even though the amplitude of
these tides is only 9 13 inches., The fractures are mos!
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 tatigue in

the same manrrer when subjected to continual vibration .
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Isostatic rebound following the melting of the glaciers
may still be taking place and this will further accent-

uvate 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 difterent
orientation of the fracture systems in areas of similar
tectonic history but different position. If the forces
are external the orientation of the fracture arrargement
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.

It 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.
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have become consolidated erough to fracture. This
upward propagation is caused by the fatigue caused
by stress, which in wrn 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.
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VEGETAL LINEAMENTS

Vegelal 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 northe.:n Saskatchewan,
Alberta or British Columbia. Straight lines of both
deciduous and evergreen trees as well as scrub growth
are universally visible. However, the most common
vegetal lineament seen by this writer is a straight
ledge" 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 the southern parts ol Alberta and Saskatchewan,

especially near large rivers.

Surface investigations have shown that
fractures are associated with bedrock joints;, however,
in glaciated areas such as western Canada, the photo-
analyst must lake care 10 establish the direction of ice
flow over an area before he begins 1o siatistically
plot and analyse the fractures. Most areas in western
Canada show an abundance of grooves anrd flutes
caused by the glacier and these must nol be Mmistaken
for fracture traces caused by subsuriface siructural
conditions. In parts of the Lloydminster area of
eastern Alberta the glacial scars are so deeply im-

pressed on the surface that fracture analysis is at

best difficult and often impossible.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis (Photogeophysics)

ie to |locatea challow tn Adean_cast- -4 ¢

' . B
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siratigraphic anomalies. The actual count of fractures
per unit area is made and values ure contoured on a
"Fracture Intensity Map'". In areas of known reefs
the lracture intensily is 2-3 times greater on the flanks

ol the ree! than directly above the reef.

In any lracture pattern there are two main
sysiems oOf! fractures the axia! system and the shear
system In both sysiems the (ractures are sub-
marallel and 'n ceneral the 'wo syslems are at approx-

rate right angles '0 each other .

Recause o! cetan nheren Iimit'ng factors,
Siructure Incdence Surveys have a lower order of
relability han Detaled Fracture Analys's Surveys.
To some ewmtent at! leas!, surlface condtions allect the
i fracture count In areas covered by lakes, sloughs
! and rivere, 'he Iracture count is zero. Cultivated

areas gererally yeld a lower coun! than adjacent

l virgin erritory. Consequently, a dillerence or conirast
L
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in tracture count (F/!) beiween 'two pon's may be

in part due 10 structure, but, also due n par! o

ditferent surface conditons. To some exien', this can
be compensated for by app'y'ng appropria‘e we ghtings
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 contro! 's avar'lable, tha! 'he incidence
of fracturing is considerably above normal n the surround
ing area immediately ou! from the s'eepes! par! o! the
flanks of the structure. This 18 n contras’ w''h a
low or normal incidence over the cresta!l a~ea and

also to a normal incidence off siructure.
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FRACTURE ANALYESIS

—PERNT NO, s370
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(pius) hick and severa! syswme are represented.
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rearly all of e area. Pownial reservoir horisore
are present within both e Ordovican and Devorian

sections .
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he rechsre inensity is gres'er Tan nor~a'! and
here s one area where e irachure reneity ‘s kwes
wn normal. The high ineneity area s shown in

red and the low inengity area 8 shown in green.
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system . In both systems the fractures are sub-
parelie! and in general, the two sysiems are at
spproximate right angles to each other. Within
Peiroleum end Natural Gas Permit No. 4570 the

swtistical mean direction ol the axial system is

north 30 degrees west and the statistical mean

direction ol the shear sysiem is north 55 degrees
east. A third minor system, here termed the sub-

axial system, trends nearly north-south,

No regional ‘ractures ol great length can be
seen and as these are conceded to originate within
| he Basement, it is assumed that all fractures plotted

on the mosaic originale within the sedimentary section.

! Furthermore, as the Iractures are short for this

eree it is very likely that they originate in the upper
mo-thirds ol the sedimentary section. As the surlface
ol the Permil is relatively llat-lying no azimuth correction
is mecessary for this study. It has been demonstrated
ha! the low incidence anomalies on a mosaic are

consideredbly larger than the subsuriace feature which
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causes them. The low intensity area on Permit No.
4570 is located in the southeast corner of the Permit
and it is difficult to estimate the size df the causative

feature.

There is this one area 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 this

report.
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STRUCTURE

Petroleum and Natural Gas Permit No. 4570
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

ol feet per rile.

Structural features which could be present
and which could cause the low incidence anomalies
mentioned Iin this report are discussed in order of

probability .

(1) PRE-CAMBRIAN TOPOGRAPHY
Basement topography under Permit
No. 4570 is thought to be much the same
as It is today along the southwest edge of
the Shield. Low rounded hills separated

by gentle to abrupt valleys are seen on the

RAYALTA PETROLEUMS LTD.
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(3)

(8)

DEVONIAN REEFS

Devonian reels sirongly affect the
iracture pattern and control the occurrence
ol gas and oil in the overlying beds. Small
Middie Devonian reefs are present just 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 faulting is

probably present,

TOPOGRAPHIC RELIEF ON AN
INTRA-SEDIMENTARY UNCONFORMITY

Unconformity, is a possible source of

Irecture inensity anomalies, butl within the
Permit area it is un''ke'y that the reliet on
any unconlormities within the sedimentary
section is grea! enough to affect the lraciure

pattern,

SAYALTA SETROLEVES LTD




Reference to the Total Fracture
Pattern Map which accompanies this
report will show that there is one area of
"high!" fracture intensity, and one area of
njow" fracture intensity(green). The general

interpretation is that the low fracture intensity

areas are underlain by topographic highs
on the Basement. With this established,
the deduction is that the Basement is high

in the southeast corner of Permit No, 4570,

This Basement high feature is most interesting
from the oil and gas point of view. The general
shape of this feature is such that the causative {leature
must be a hill on the Basement surface. A fault is
unlikely as the causative feature as the high area
is over ore and one-halt miles in width, |If a fault
caused the fracture "low'" the width of the low would
be about one mile or less. Granite Wash sand is
probably present around the fanks of this high but

is probably absent on the ‘'op.
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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 parallel to strike.

Respectfully submitted by:

RAYAL TA PETROLEUMS LTD.
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PROBABLE BASEMENT STRUCTURE
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REGIONAL BASEMENT—
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