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INTRODUICTION

This repeort discusses the results of a study of
the General Geclogy, Stratigraphy and Fracture Analysis
Survey carried out within, and In the immediate viclinity
of, Petroleum and MNatural Gas Permit Ne. 47, Manitoba.
This permit is located between 56° 30! - 56° 40!
latitude and 912 00' ~ 91° |5 jongitude. This is in the
Hudsonls Bay area of northeast Manitoba approximately
540 air miles r;or‘th—nor‘theast of Winnipeg. There are
no roads within the area and the use of an aircraft

is required to reach the area.

The stratigraphic discussion is based on infor-
mation contained in published reports and on the limited

data available from well conirol.

The Fracture Analysls Survey locates topographic
highs and lows on the Baseméﬁt surface. Areas of
Basement ''highs! are of great interest as it Is felt_ that
much reef growth (which is known to be present) is
centered, or at least concentrated, over areas of Base-

ment Yhighs!,
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Areas of Basement "lows'! are of interest as
Granite Wash sands tend to accumulate and attain consider-
able thickness in these !lows!. Reefs and Granite
Wash sands are probably the two principal reservolr

horizons in this area.
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STRATIGRAPHY

The subject acreage, which is located one to 50
miles south of the Hudson Bay shoreline near York
Factory in Manitoba, is primarily covered by muskeg with
numerous small rivers, and streams present, Access to
the area is provided by the Canadian National Railway
line running intoc Port Nelson and alsc by ocean ships to
the same point, Subsurface control will be provided by
the Sogepet-Aquitane-Kaskattama # | well when it is re-

leased. It is located some 30 miles east of the northeast

corner of the acreage. Recently Houston et al Comeault
Sth Prov. # |, located at about 56° 40' and 90° 52! has
been licenced. This location, which is some 5 miles east

of the acreage, will provide additional valuable subsurface
information about this area. Ouicrop informationis ex-
tremely scarce in this area with only some talus being
noted near York Factory along the-norith side of the
acreage and along the Kaskattama River, which lies along
the south and east side of the acreage. The main oui-
crop data has to be projected into this area from sections

found on the Severn River, which is II0 miles southeast




of the acreage. The Nelson River which is approximately
50 miles northwest of the acreage is another outcrop area.
Ordovician rocks are exposed along Gods River, 30 miies
south of the wesiern portion of the area under discussion,
Beds ranging in age from Upper Crdovician to Uipper

Sllurian are expecied to be present beneath the land under

review .

ORDOVICIAN

BAD CACHE RAPRPIDS GROUP

PORTAGE CHUTE FORMATION

The type section of the Portage Chute f{ormation
is located on the Churchill River, |00 miles northwest of the
acreage. OQuicrops are also present on the Nelson River
approximately 50 miles west of the area, as well as on
the Sachigo and Severn Rivers which lie to the south, The
formation was deflned by Nelson as overlying peneplaned
Pre-Cambrian rocks, and In turn being conformably over-
lain by the Surprise Creek formation. The Portage Chute
formation, which is 75 feet thick at the type section, con-
sists of a four foot basal quartz sandstone which is generally

quite uniform, tight and calcareous, This sand is also




present at the other outcrop sections mentioned above. The
sand grades upwards into grey to buff, weathering light
grey, partially dolomitic, microcrystalline, laminated iime~-
stones., Skeletal debris is quite abundant. At the type
sectlon the limestone sectlon Is 71 feet thick. The thickness
of the Portage Chute formation on the Nelson River Is
approximately 25 feet, while at the Severn River exposures
it is only about ten feet thick. The formation dips easterly
with an increasing rate of dip as one proceeds basinward
along the outcrop sections. Fossils consist mainly of a
variety of corals and molluscans with some trilobites present.
The limestone takes on a nedular appearance in weathered

sections,

SURPRISE CREEK FORMATION

The type section of the Surprise Creek formation
was defined by Nelson as belng located at Surprise Creek
on the Churchill River. It is also present at the Nelson
River section but not further south. Nelson considered the
Surprise Creek formation as late Ordovician in age. The
type section consists of 63 1/2 feet of thinly bedded, light
vellowish grey, micro to cryptocrystalline [imestone. It
ranges from slightly dolomitic, to dolomitic, and contains some

lenses of chert. The Surprise Creek formation is disting-




uished from the underlying Portage Chute formation by iis
lack of organic tragments, and by its smooth weathering
characteristics, as opposed to the nodular weathering of
the Portage Chute formation. The exposures at Nelson
River are poor and not easily correlated with the type
section, but, they appear to be lithologically similar to
the type section. The thickness is a minimum 30 feet
and the fauna is composed mainiy of brachiopeds. The
combined thickness of the Surprise Creek formation

and Portage Chute formation at the Selco~Pennycutaway
# 1, drill hole, which lies about |17 miles west of the
acreage, was 300 +, Indicating a rapid thickening of this

group in a basinward direction.

CHURCHILL RIVER GROUFP

CAULITION CREEK FORMATION

The type section of the Cautlon Creek formation
is also found on the Churchill River. The type section was
defined by Nelson to consist of a basal I8 foot bed of main-
ly grey to yellowish grey weathering, cryptocrystalline,

slightly dolomite limestone, containing shell fragments. This




is overlain by an I8 foot bed of grey to brown weathering,
crypto to microcrystaliine, slightly dolomitic l[imestone with
little organic remains. This bed weathers into smooth
layers, whereas, the lower bed weathers into uneven
rubbly beds. The uppermost bed consists of six feet of
grey, earthly weathering, micro to cryptocrystalline,
slightly dolomitic limestone which has a nodular appearance
on a weathered surface. The fauna consists of brachio-
pods, corals, and molluscans. The Caution Creek form-
ation apparently does not outcrop on the Neison River,
but, it should be present In the subsurface of the subject

acreage,

CHASM CREEK FORMATION

The Chasm Creek formation is found both a-
long the Churchill and Nelson Rivers with the Churchill
sections being the better one. The Chasm is also exposed
at Gods River, some 30 miles south of the acreage. The
Chasm is fairly similar to the underlying Caution Creek
formation and is in conformable contact with it. At the type
section it is about 180 feet thick. The basal 55 feet is a

light yellowish grey to buff, microcrystalline, slightly dolomitic




limestone grading to an iron rich dolomite. It is very
resistant and weathers to a yellow and corange massive bed.
This unit is overlain by about 100 feet of light grey, crypto
to microcrystalline, slightly dolomitic to dolomitic limestone.
The unit contains abundant fine organic fragments. Over-
Iying this unit is a 5 to |5 foot thick bed of light grey, crypto-
crystalline, dolomitic limestone which contains no organic
material but has fine intercalations of finely fragmented lime-
stone beds. The uppermost unit is ten to 20 feet thick, and
is a light grey weathering, very dolomitic, microcrystalline
unit which is strongly fucoidal. On the Nelson River the
Chasm Creek section is a minimum of |5 feet thick with the
maximum thickness unknown. It is llthelogically similar to
the type sectlon as is the 38 foot thick section found on Gods
River. The Chasm Creek formation contains a fauna com-

prised of corals, cephalopods and some brachiopods.

RED HEAD RAPIDS FORMATION

The Red Head Rapids formation is the uppermost
Ordovician sediment found in this region and tye type section
is located on the Churchill River where it overlies the

Churchill River Group. The formatlon is a minimum of 42




feet thick with the maximum thickness unknown. WNelson
notes that this formation may be Silurian in age. The
lower 25 feet consist ol light yellow, microcrystalline dolo-
mitic which weathers a disiinctive orange color. No
fossils are present in this bed. The upper |7 feet is com-
posed of grey to yellowish grey, microcrystalline dolomite,
partially vuggy, which weathers to a grey color. This
bed is also quite unfossiliferous. The Red Head Rapids
is not present in outcrop on the Nelson, Gods, or Severn
Rivers, but, it should be present in the subsurface of the

acreage.

SILURIAN

PORT NELSON FORMATION

The type section of the FPort Nelson formation is
iocated on the Nelson River some 47 miles west of the
acreage under review. The section exposed is 24 feet
thick and consists of interbeds of brecciated dolomite,
doiomite, and shaly dolomite. The dolomite is generally
a gray micro to cryptocrystalline to occasionally granular

rock with minor porosity. It contains a coral fauna and




is placed in the Middle Silurian, In the James Bay area
a drill hole encountered |10+ feet of this formation., This
unit should be found at subcrop under the southwestern

portion of the acreage,

SEVERN RIVER FORMATION

The type section of this formation is found on the
Severn River some |10 miles southeast of the acreage.
The minimum thickness at the type section is 42 feet with
the maximum unknown. The section consists of a basal
I3 foot light grey, micro to cryptocrystalline limestone with
rare wvuggy porosity, and a suggestion of algal material.
The middle unit consists of 4 feet of light yellowish grey,
to orange buff, micro to finely crysialline algal limestone
with good wvuggy porosity. The upper unit is a 25 foot
thick bed of cream to buff, partly microcrystalliine to
finely crystalline, chalky and partly organic limestone. Fine
to coarse organic debris is present as well as beds of
oolitic material. The Severn River formation appears to
be present near Churchill in similar facies plus the notable
fact that it has a strong bituminous odour from a fresh
break in this area. This formation should also be present

at subcrop under the southwest portion of the acreage.




EKWAN RIVER FORMATION

The type section of this formation is on the Ekwan
River, which is in the James Bay area and lies some 350
miles southeast of the area under consideration. The section
is from 73 to BB ieet thick and consists of grey, fine
grained, partlally cherty limestone containing corals and
stromatoporoids. The section on Severn River is a minmum
37 feet thick with the maximum unknown. The basal 20
feet is composed of light medium brown, microcrystalline
limestone with fine to coarse fossil fragmenis, some chert
nedules and some oolitic material. The fossils consist of
stromatoporoids, corals, brachiopods and cephalopods.

Some poor intercrystalline and vuggy porosity is present,
The middle Il feet consists of yellowish brown, micro-
crystalline partially dolomitic, chalky limestone with some
thin fragmental beds and rare brachiopods. The upper ©
feet is a light greyish brown, to creamy, microcrystalline
limestone which is very highly and coarsely fragmental.

The iop section contains poor to good porosity. The Ekwan
River formation is also exposed along the shore of Hudson
Bay from the Mouth of Owl River to a point some 20 miles

south of Cape Churchill. The Ekwan should be found to




subcrop along the western and central position of the subject

acreage.

ATTAWARPISKAT FORMATION

The type section is located on the Attawapiskat River
which lies some 40 miles south of the Ekwan River type
section Iin the James Bay area, The formation outcrops
on the Ekwan River, Severn River and along the tidal

flats south from Cape Churchill,

The Ekwan River outcrop section consisis of 54
feet of fine grained, thin bedded, coral reef limestone.
Nelson has described a reefal and possible off reef facies
for the Atiawapiskat formation in general. The reef facies
has a minimum thickness of 25 feet and is a cream, to
orange cream, io buff, microcrystalline, fragmental lime-
stone with corals and stromatoporoids being common.
Porosity grades from tight to excellent and is vuggy.
Nelson feels that some of the well bedded reefs are
suggestive of biostromes, while other oval, domal reeis
are believed 10 be bicherms. He noted a gassy odour

at one location.




The off-reef facies is a minimum of 16 feet thick with
uniform beds ol cream, to partly yellowish cream, to grey
microcrystalline limestone. There are abundant coarse
granular, bioclastic beds which have excellent Intergranular
porosity which could be post reef deposits. The Altawa-
piskat outcrops south of Cape Churchill range in thickness
from 25 to 50 feet In thickness, with both facies present
and they are seen to grade laterally from one to the other.
This formation should be at subcrop through the central

portion of the acreage.

KENOGAMI RIVER FORMATION

The Kenogam! River formation which has only been
found in outcrop, in the James Bay represents the youngest
Silurian found in the Hudson Bay Basin. The formation
consists of an alternating series of shale, siltstone, sand-
stone, dolomite, silty dolomlite, shaly limestone, and lime-
stone. The colours mainly range irom buff to grey, but,
reds and greens are the colours of the clastics. The
outcrop section has a minimum thickness of 300 feet while
a well drilled on Puskwuine Point In James Bay had a

thickness of B62 feet. The Kenogami River formation is




expected to subcrop along the eastern half of the acreage

under review,

DEVONIAMN

Rocks of Devonian age are not expected to be present
under the area covered by the permit, however, they
should be present at subcrop east of the acreage, at and
near the Sogepet-Aquitaine-Kaskattama # | weill where

total depth was reached at 2,94| feet in granite.

CRETACEOUS

Rocks of Cretaceous age are know only in the James
Bay area and are not expected to be present under the

permits.




FRACTURE ANALYSIS

This section of the report discusses the resulis of
a Detailed Fracture Analysis Survey carried out on the
area under discussion. An aerial mosaic (scale 1.5 inches
equals approximately | mile} made from Dominion Government
aerial photographs accompanies this report, These same
photographs were examined stereoscopically and the fractures
plotted on the individual photographs, then transierred to

the mosaic for analysis.

The theory that the earth!s crust Is abundantly and
meihodically fractured is the basic premise on which is
bullt the exploratlon technigue known as Fracture Analysis,
A Fracture s defined as!'.,.generally abundant, natural

lineation discernible on aerial photographs'.

Fracturing is largely caused by external stresses

on the surface. The most imporiant are:
(a) earth tides
(b) radial acceleration of the

earth along its radius wvector.




(c) a gradua! decrease of the
earth's rate of rotation,.

As stated above, the earth is systematically fractured
and the fracture system would approach symmetry if the
crust were homogeneous. It Is considered that irregularities
are caused by regional heterogeneous conditions within the
earth's crust. L.ocal departures from the norm are caused

by structural or stratigraphlic anomalles,

The term !''photogeophysics! was introduced by
Blanchet (1956) and deals with mapping, analysis and
Interpretation of fracture traces as recorded on aerial
photographs. In a more general way 'photogeophysics' can
be defined as the methodical statistical anaiysls of linear
features seen on aerlial photographs and this system is applied
by any method recording all observable 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 megairacture is longer than one mile

and a microfracture is shorter than one mile,




GENERAL STATEMENT

ORIGIN OF FRACTURES

Fracturing is largeiy caused by external stresses
on the earth, although Internal stresses may play some
minor roll, The most important of these external forces
are the dlurnal earth tides due to the gravitational effects
of the sun and moon; the change in radial acceleration
of the earth along Its radlus vector and the gradual de-
crease in the earth's rate of rotation. The endless
rhythemic action of these earth tides s probably the princi-
pal cause of the systematic fracture system seen over
most of the world, even though the amplitude of these tides
is only 9-13 inches. The fraciures 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,

In general the initiating forces which generate

fractures must have continued for a very long time and




the process involved are continucus and are probably

active at tlhe 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 surficial deposits that overlie different
kinds of relatively flai-lying sedimentary rocks of varying
thickness. The mechanism producing 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 forces, and the
most probable of these is isostatic adjustment. Isostatic
rebound following the melting of the glaciers may still be
taking place and this will further accentuate fractures pre-—

sent 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 sysiems in areas of similar
tectonic history but different position. Ii 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 dewvelop their own pattern due to internal forces.

It joints form early In the history of a sedinent
then systematic joints must be successively younger up-
wards through the section and the joint pattern is imposed
on each new layer of sediments when they have become
consolidated enough to fracture. This vupward 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 photographs
from every climate and on every continent in the world.

They are expressed as topographic relief, vegetation
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differences and soil tonal differences.

TOPOGRAPHIC RELIEF LLINEAMENTS

A common type are rellef 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 stralight streams where the stream course is

controlled by a fracture zone.

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 growth are universally
visible., However, the most common vegetal lineament seen
by this writer s a straight Yedge!’ 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 preseni in the western part of

the Peace River distirict.

SOIL. TONAL LINEAMENTS

These reflect differentiation in soil moisture
and general ground water conditions. These are common
in the southern parts of Alberta and Saskatchewan, especial-

ly near large rivers.

Surface investigations have shown that
tractures are associated with bedrock joints; however, in
glaciated areas such as western Canada, the photoanalyst
must take care to establish the direction of ice flow over an
area before he begins to statistically plot and analyse the
fractures. Most areas in western Canada show an abundance
of grooves and flutes caused by the glacier and these must
not be mistaken for fracture traces caused by subsurface
structural conditions. In parts of the L. loydminster area
of eastern Alberta the glacial scars are so deeply impressed

on the surface that fracture analysis is at best difficult and




often impossible.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis { Photogeophysics)
is to locate shallow to deep-seated structural and strati-
graphic anomalies. The actual count of fractures per
unit area s made and values are contoured on a '"Fracture
Intensity Map! . In areas of known reefs the fraciure
intensity is 2-3 times greater on the flanks of the reef

than directly above the reef.

In any fracture pattern there are two main systems
of fractures: the axlal system and the shear systiem. In
both systems the fractures are sub-paraliel and in general
the two systems are at approximate right angles to each

other.

Because of certaln inherent limiting factors, Structure
Incidence Surveys have a lower order of rellability than
Detalled Fracture Analysis Surveys. To some extent at

least, surface conditlons affect the fracture count. In areas




covered by lakes, sloughs and rivers, the fracture count
is zerc. Culiivated areas generally vield a lower count
than adjacent virgin territory. Consequentiy, a difference
or contrast in fracture count (F/I) 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 for by applying appropriate weightings to

the observed counts, but over or under corrections may

result.

Nevertheless, in spite of these sources or error,
it has been demonstrated in (plains) areas where abundant
subsurface control is available, that the incidence of fractur-
ing is considerably above normal in the surrounding area
immediately out from the steepest part of the flanks of the
structure. This Is In contrast with a low or normal incidence
over the crestal area, and alsc to a normal incidence off

structure.




FRACTURE ANALYSIS OF PERMIT
NO., 47

The fracture pattern as shown on the enclosed
mosaic and maps shows a great variation in intensity over
various areas of the Permit, The Permit is located in
the muskeg area south of Hudseon!ls Bay and is hundreds

of miles from the closest settlement,

The sedimentary section is probably about 2,000
feet (plus) thick and several systems are represented.
In addition a thin layer of Tertiary glacial till covers
nearly all of the area. Potentlal reservoir horizons are

present within both the Ordovician and Silurian sections.

Fraciures as plotted on the mosaic show consider-
able wvariation in intensity. There Is one area where the
fracture intensity is greater than normal and there is one
area where the fracture intensity is less than normal,
The High intensity areas are shown in red and the low
intensity areas are shown_ in green. The awverage length
of the fractures is about 4,000 feet and both mega and
micro fractures are present. It is worthy of special

note to mention the glacial problem in this area.




Reference 1o the mosaic will show that the area
is moderately scarred with glacial greooves and striations
and that the direction of ice flow was about north 30 de-
grees east., Some of these grooves are so deeply im-
pressed on the surface that they control the shape of the
lakes and of tree érowth in the area. In any area such
as this the photoanallyst is faced with the difficult problem
ol eliminating the glacial scars from the fracture pattern
without creating false anomalies. The removal of all
fractures from a 10 - |2 degree arc in any area will
create fracture anomalies and it requires delicate weight-

ing of the wheole pattern to adjust for these effects.

In any ifracture pattern there are two main systems
of fractures: the axial system and the shear system.
In both systems the fractures are sub-parallel and in
general, the two systems are at approximate right angles
to each other., Within Petroleum & Natural Gas Permit
Ne. 47, the statistical mean direction of the axial system
is north 40 deg.r'ees west and the statistical mean direction
of the shear system is north 30 degrees east. A third
minor system, here termed the sub-axial system, trends

nearly north-south.




No regional fractures of great length can be seen
and as these are conceded to originate within the Basement,
it is assumed that all fractures plotted on the mosaic originate
within the sedimentary section. Furthermore, as the fractures
are short for this area it is very likely that they originate
in the upper two-thirds of the sedimentary section. As the
surface of the Permit is relatively flat-lying no azimuth
correction is necessary for this study. It has been demon-
strated that the low incidence anomalies on a mosaic are
considerably larger than the subsurface feature which causes
them, Becausg the high incidence area on Permit No. 47
occurs at the edge of the mosaic it is difficult to estimate

the size of the causative feature.

There is 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 in the next section of this report.




STRUCTURE

Petroleum and Natural Gas Permit No. 47 is
located on the coastal plain on the south shore of Hudson's

Bay 70 miles north of the edge of the Pre-Cambrian Shield,

Structural features which could be present and
which could cause the low incidence anomalies mentioned

in this report are discussed in order of probability.

(1) PRE-CAMBRIAN TOPOGRAPHY

Basement topography under Permit No. 47
is thought to be much the same as it is today along the
north edge of the Shield. Low rounded hills separated
by gentie to abrupt valleys are seen on the Shield and
these features are undoubtedly present under the subject
Permit, The effect of this Basement relief on the over-
lying sedimentary rocks is often great. The Granite
Wash sand is usually present in the topegraphic "lows!
on the Basement but absent on the "highs". The

Granite Wash is an excellent potential reservoir.

FFuriher eftects of Basement topography on

beds higher than the Granite Wash is the gentle folding




present over Basement hills, These folds are anticlines

in every sense and could form traps for oil or gas.

(2) REEFS
Reefs strongly affect the fracture pattern and
control the occurrence of gas and oil in the overlying
beds. However, only small reefs have been found in
outcrops near the Permit and such small masses as

these probably do not greatly affect the fracture pattern.

(3) TECTONIC FOLDING AND FAUL TING
The presence of tectonic folds is very un-

likely, but some normal faulting could be present,

(4) TOPOGRAPHIC RELIEF ON AN
INTRA-SEDIMENTARY UNCONFORMITY

Linconformity, is a possible source of fracture
intensity anomalies, but within the Permit area it is un-
likely that the relief on any unconiormities within the
sedimentary section Is great enough to affect the fracture

pattern.

; 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 [ntensity {green). The general inter-

pretation is that the low fracture intensity area is underlain

by topographic highs on the Basement. With this established,

the deductlon is that the Basement is high in the northeast

corner of Permit No. 47.

This Basement high feature is most interest-
ing from the“ oli and gas point of view. The general
shape of thls feature Is such that the causative feature
must be a hill on the Basement surface. A fault is
unlikely as trlme causative feature as the high area is
over one and one-half 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 1s probably absent
on the top of this high fracture area, but will probably

be present along the flanks of this feature.

Respectifully submitted by:

RAYALTA PETROLEUMS LTD.
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INTRODUCTION

This report discusses the results of a study of

the General Geology, Stratigraphy and Fracture Analysis

Survey carried out within, and in the immediate vicinity

of, Petroleum and Natural Gas Permit No. 48, Manitoba.

This permit is located between 56° 35' - 56° 40!
latitude and 91° 15 - 9i° 30! longltude. This is In the
Hudson's Bay area of northeast Manitoba approximately
540 air miles north-northwest of Winnipeg. There are
no roads within the area and the use of an aircraft

is required to reach the area.

The stratigraphic discussion is based on inform-
ation contained in published reports and on the limited

data awvailable from well control.

The Fracture Analysis Survey locates topographic

highs and lows on the Basement surface. Areas of
Basement '"highs" are of great interest as it is felt that
much reef growth (which is known to be present) is
centered, or at least concentrated, over areas of Base-

ment "Thighs!.




Areas of Basement "lows! are of interest as
Granite Wash sands tend to accumulate and attain consider-
able thickness in these !''lows!', Reefs and Granite
Wash sands are probably the two principal reserveoir

horizens in this area.
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STRATIGRAPHY

The subject acreage, which is located cne to 50
miles south of the Hudson Bay shoreline near York
Factory In Manitoba, is primarily covered by muskeg with
numerous small rivers, and streams present. Access to
the area is provided by the Canadian National Railway
line running into Port Nelseon and also by ocean ships to
the same point, Subsurface control will be provided by
the Sogepet-Aquitane-Kaskattama # | well when it is re-
leased., It is located some 30 miles east of the northeast
corner of the acreage. Recently Houston et al Comeault
Sth Prov. # |, located at about 56° 40! and 90° 52! has
been licenced. This locatlon, which is some 5 miles east
of the acreage, will provide additional valuable subsuriace
information about this area. Outcrop informationis ex-
tremely scarce in this area with only some talus being
noted near York Factory along the-north side of the
acreage and along the Kaskattama River, which lies along
the south and east side of the acreage. The main out-
crop data has to be projected into this area from sections

found on the Severn River, which is 10 miles southeast




of the acreage. The Nelson River which s approximately
50 miles northwest of the acreage is anoither outcrop ares.
Ordovician reocks are exposed along Gods River, 30 miles
south of the western portion of the area under discussion.
Beds ranging In age from Ulpper Ordoviclan to Upper

Silurian are expected to be present beneath the land under

review,

CRDOVICIAN

BAD CACHE RAPIDS GROUP

PORTAGE CHUTE FORMATION

The type section of the Portage Chute formation
is located on the Churchlll River, 100 miles northwest of the
acreage. Outcrops are also present on the Nelson River
approximately 50 miles west of the area, as well as on
the Sachigo and Severn Rivers which lle 1o the south., The
formation was defined by Nelson as overlying peneplaned
Pre-Cambrian rocks, and in turn being conformably over-
lain by the Surprise Creek formation, The Portage Chute
formation, which is 75 feet thick at the type section, con-
sists of a four foot basal guartz sandstone which is generally

quite uniform, tight and calcareous. This sand is also




present at the other outcrop sections mentioned above. The
sand grades upwards into grey to buff, weathering light
grey, partlally dolomitic, microcrystalliine, laminated lime-
stones. Skeleial debris is quite abundant. A1l the type
sectlon the limestone section is 71 feet thick. The thickness
of the Portage Chute formation on the MNelson River is
approximately 25 feet, while at the Severn River exposures
It is only about ten feet thick. The formation dips easterly
with an increasing rate of dip as one proceeds basinward
along the outcrop sections., Fossils consist mainly of a
varlety of corals and molluscans with some trilobites present.
The limestone takes on a nodular appearance In weathered

sections.

SURPRISE CREEK FORMATION

The type section of the Surprise Creek formation
was defined by Nelson as being located at Surprise Creek
on the Churchill River. It is also present at the Nelson
River section but not further south. Nelson consldered the
Surprise Creek formation as late Ordovician in age. The
type section consists of 63 1/2 feet of thinly bedded, light
vellowish grey, milcro to cryptocrystalline limestone. It
ranges from slightly dolomitic, to dolomitic, and contains some

lenses of chert. The Surprise Creek formatlon is disting-




uished from the underlying Portage Chute formation by its
lack of organic fragments, and by its smooth weathering
characteristics, as opposed to the nodular weathering of
the Portage Chute formation. The exposures at Nelson
River are poor and not easily correlated with the type
they appear to be lithologically similar to

section, but,

the iype section. The thickness Is a minimum 30 feet
and the fauna is composed mainly of brachiopods. The
combined thickness of the Surprise Creek formation

and Portage Chute formation at the Selco-Pennycutaway
# 1,

drill hole, which lies about 17 miles west of the

acreage, was 300 +, indicating a rapid thickening of this

group in a basinward direction.

CHURCHILL RIVER GROUP

CAUTION CREEK FORMATION

The type section of the Caution Creek formation
is also found on the Churchill River. The type section was
defined by Nelson to consist of a basal 18 foot bed of main-
ly grey to yellowish grey weathering, cryptocrysitalline,

slightly dolomite limestone, containing shell fragments. This




is overlain by an 18 foot bed of grey to brown weathering,
crypto to microcrystalline, slightly dolomitic [Imestone with
little organic remains, This bed weathers into smooth
layers, whereas, the lower bed weathers into uneven
rubbly beds. The uppermost bed consists of six feet of
grey, earthly weathering, micre to cryptocrystalline,
slightly dolomitic limestione which has a nodular appearance
on a weathered surface. The fauna consists of brachio-
pods, corals, and molluscans. The Caution Creek form-
ation apparently does not outcrop on the Nelson River,
but, 't should be present in the subsurface of the subject

acreage.

CHASM CREEK FORMATION

The Chasm Creek formation is found both a-
long the Churchill and Nelson Rivers with the Churchill
sections being the better one. The Chasm s also exposed
at Gods River, some 30 miles south of the acreage. The
Chasm is fairly similar to the underlying Caution Creek
formation and Is in conformable contact with it. At the type
section it is about 180 feet thick., The basal 55 feet is a

light yellowish grey to buff, microcrystalline, slightly dolomitic




limestone grading to an iron rich dolomite., It is very
resistant and weathers to a yellow and orange massive bed.
This unit is overlain by about 100 feet of light grey, crypto
to microcrystalline, slightly dolomitic to dolomitic limestone.
The unit contains abundant fine organic fragments. Over-
Iying this unit is a 5 te |15 foot thick bed of light grey, crypto-
crystalline, dolomitic limestone which contains no organic
material but has fine intercalations of finely fragmented lime-
stone beds. The uppermost unit is ten to 20 feet thick, and
is a light grey weathering, very dolomitic, microcrystalline
unit which is strongly fucoidal. On the Nelson River the
Chasm Creek section is a minimum of |5 feet thick with the
maximum thickness unknown. It Is lithelogically similar to
the type section as is the 38 foot thick section found on Gods
River. The Chasm Creek formation contains a fauna com-

prised of corals, cephalopods and some brachiopods.

RED HEAD RAPIDS FORMATION

The Red Head Rapids formation is the uppermost
Ordovician sediment found in this region and tye type section
is located on the Churchill River where it overlies the

Churchill River Group. The formation is a minimum of 42




feet thick with the maximum thickness unknown. Nelson
notes that this formation may be Silurian in age. The
lower 25 feet consist of light yellow, microcrystalline dolo-
mitic which weathers a distinctive crange color. No
fossils are present in this bed. The upper |7 feet is com-
posed of grey to yellowish grey, microcrystalline dolomite,
partially vuggy, which weathers to a grey color. This
bed is also quite unfossiliferous. The Red Head Rapids
is not present in outcrep on the Nelson, Gods, or Severn
Rivers, but, it should be present in the subsurface of the

acreage.

SILURIAN

FPORT NELSON FORMATION

The type section of the Port Nelson formation is
located on the Nelson River some 47 miles west of the
acreage under review. The section exposed is 24 feet
thick and consists of interbeds of brecciated dolomite,
dolomite, and shaly doiomite. The dolomite is generally
a gray micro to cryptocrystalline to occasionally granular

rock with minor porosity. It contains a coral fauna and




is placed in the Middle Silurian., In the James Bay area
a drill hele encountered |10+ feet of this formation. This
unit should be found at subcrop under the southwestern

portion of the acreage.

SEVERN RIVER FORMATION

The type section of this formation is found on the
Severn River some |10 miles southeast of the acreage.
The minimum thickness at the type seclion is 42 feet with
the maximum unknown. The section consists of a basal
13 foot light grey, micro to crypioccrystalline limestone with
rare vuggy poerosity, and a suggestion of algal material.
The middle unit consists of 4 feet of light yellowish grey,
to orange buff, micro to finely crystalline algal limestone
with good wuggy porosity. The upper unit is a 25 foot
thick bed of cream to buff, partly microcrystailine to
finely crystalline, chalky and partly organic limestone. Fine
to coarse organic debris is present as well as beds of
oolitic material. The Severn River formation appears to
be present near Churchili in similar ifacies plus the notable
fact that it has a strong bituminous odour from a fresh
break in this area. This formation should also be present

at subcrop under the southwest portion of the acreage.




EKWAN RIVER FORMATION

The type section of this formation is on the Ekwan
River, which is in the James Bay area and lies some 350
miles southeast of the area under consideration. The seciion
is from 73 to 88 feet thick and consists of grey, fine
grained, partially cherty limestone containing corals and
stromatoporoids, The section on Severn River is a minmum
37 feet thick with the maximum unknown. The basal 20
feet is composed of light medium brown, microcrystalline
limestone with fine to coarse fossil fragments, some chert
nodules and some oolitic material. The fossils consist of
stromatoporoids, corals, brachiopods and cephalopods.

Some poor Intercrystalline and vuggy peorosity s present,
The middle 1l feet consists of yellowish brown, micro-
crystalline partially dolomitic, chalky limestone with some

thin fragmental beds and rare brachiopods. The upper 6
feet is a light greyish brown, to creamy, microcrystalline
limestone which is very highly and coarsely fragmental.

The top section contains pootr to good porosity. The Ekwan
River formation is also exposed along the shore of Hudson
Bay from the Mouth of Owl River to a point some 20 miles

south of Cape Churchill. The Ekwan should be found to




subcrop along the western and central position of the subject

acreage.

ATTAWAPRPISKAT FORMATION

The type section is located on the Attawapiskat River
which lies some 40 miles south of the Ekwan River type
section in the James Bay area. The formation outcrops
on the Ekwan River, Severn River and along the tidal

flats south from Cape Churchill.

The Ekwan River ouicrop section consists of 54
feet of fine grained, thin bedded, coral reef limestone.
Nelison has described a reefal and possible off reef facies
for the Attawapiskat formation in general. The reef facies
has a minimum thickness of 25 feet and is a cream, to
orange cream, to buff, microcrystaliine, fragmental lime-
stone with corals and stromatoporoids being common.
Porosity grades from tight to excellent and is vuggy.
Nelson feels that some of the well bedded reefs are
suggestive of biostromes, while other oval, domal reeis
are believed to be bioherms. He noted a gassy odour

at one location.




The off-reef facies is a minimum of 16 feet thick with
uniform beds of cream, to partly vellowish cream, to grey
microcrystalline Iimestone. There are abundant coarse
granular, bioclastic beds which have excellent intergranular
porosity which could be post reef depositls., The Attawa-
piskat outcrops south of Cape Churchill range in thickness
from 25 to 50 feet in thickness, with both facies present
and they are seen to grade laterally from one tc the other.
This formation should be at subcrop through the central

portion of the acreage,

KENOGAMI RIVER FORMATION

The Kenogami River formaticn which has only been
found in outcrop, in the James Bay represenis the youngest
Silurian found in the Hudson Bay Basin. The formation
consists of an alternating series of shale, silistone, sand-
stone, dolomite, silty dolomite, shaly limestone, and lime-
stone. The colours mainly range from buff to grey, but,
reds and greens are the colours of the clastics. The
outcrop section has a minimum thickness of 300 feet while
a well drilled on Puskwuine PFoint in James Bay had a

thickness of 862 feet. The Kenogami River formation is




expected to subcrop along the eastern half of the acreage

under review.

DEVONIAN

Rocks of Devonian age are not expected to be present
under the area covered by the permit, however, they
should be present at subcrop east of the acreage, at and
near the Sogepet-Aquitaine-Kaskattama # | well where

total depth was reached at 2,94| feet in granite,

CRETACEQOUS

Rocks of Cretaceous age are know only in the James
Bay area and are not expected to be present under the

permits.




FRACTURE ANALYSIS

This secilon of the report discusses the results of
a Detalled Fracture Analysis Survey carried out on the
area under discussion. An aerial mosaic (scale |.5 inches
equals approximately | mile) made from Dominion Government
aerial photographs accompanies this report, These same
photographs were examined sterecscopically and the fractures
plotted on the Individual photographs, then transferred to

the mosaic for analysis.

The theory that the earth!s crust Is abundantly and
methodically fractured is the basic premise on which is
built the exploration technique known as Fracture Analysis,
A Fracture is defined as''...generally abundant, natural

lineation discernible on aerial photographst!.

Fracturing is largely caused by external stresses

on the surface. The most Important are:
(a) earth tides
{b) radial acceleration of the

earth along its radius wvector,




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

As stated above, the earth is systematically fractured
and the fracture system would approach symmeitry if the
crust were homogeneous. It is considered that irregularities
are caused by regional heterogeneous conditions within the
earth's crust. L.ocal departures from the norm are caused

by structural or stratigraphic anomalies.

The term '"photogeophysics!! was introduced by
Blanchet {1956} and deals with mapping, analysis and
interpretation of fracture traces as recorded on aerial
photographs. In a more general way ''photogeophysics! can
be defined as the methodlcal statistical analysis of linear
features seen on aeria! photographs and this system is applied
by any method recording all cbservable lineations, or the
totallty 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 megairaciure is longer than one mile

and a microfracture Is shorter than one mile.




CENERAL 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 radius vector and the gradual de-
crease in the earth's rate of rotation. The endless
rhythemic action of these earth tides is probably the princi-
pal cause of the systematic fracture systermn seen over
most of the world, even though the amplitude of these tides
is only 9-13 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 yvears. Meitals fatigue in the same marnner

when subjected to continual vibration.

In general the Initiating forces which generate

fractures must have continued for a very long time and




the process involved are continucus and are probably

active at the present time. Furthermore, Mollard (1957)
states, "The mechanism required to reflect lineaments to
ground surface must be reasocnably simple, for simple
patterns are produced on diverse topography and in diverse
types and depths of surficiai deposits that overlie different
kinds of relatively flat-lying sedimentary rocks of varying
thickness. The mechanism producing 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 forces, and the

most probable of these is isostatic adjustment. Isostatic
rebound following the melting of the glaciers may still be
taking place and this will further accentuate fractures pre-

sent before glaciation.

In general it can be said that fracture paiterns

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 tracture 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 musi be successively younger up-
wards through the section and the joint pattern is Imposed
on each new layer of sediments when they 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 n aerial photographs
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 aiso be expressed as straight valleys or
hills or by straight streams where the stream course is

controlled by a fracture zone.

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 growth 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 f{ractures conirol the size and




shape of cultivated fields, Excellent examples of this latter
expression of fractures are present in the wesiern part of

the Peace River disirict.

SOIL. TONAL LINEAMENTS

These reflect differentiation in soil moisture
and general ground water conditions. These are common
in the southern parts of Alberta and Saskatchewan, especial-

ly near large rivers.

Surface Iinvestigations have shown that
fractures are associated with bedrock joints; however, in
glaclated areas such as western Canada, the photoanalyst
must take care to establish the direction of ice flow over an
area before he begins to statistically plot and analyse the
fractures. Most areas in western Canada show an abundance
of grooves and flutes caused by the glacier and these must
not be mistaken for fracture traces caused by subsurface
structural conditions. In parts of the L loydminster area
of eastern Alberta the glacial scars are so deeply impressed

on the surface that fracture analysis is at best difficult and




often impossible.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis (FPhotogeophysics)
is to locate shallow to deep-seated structural and strati-
graphic anomalies. The actual count of fractures per
unit area s made and values are contoured on a !'"Fracture
Intensity Map'', In areas of known reefs the fracture
intensity is 2-3 times greater on the flanks of the reef

than directly above the reelf.

In any fracture pattern there are two main systems
of fractures: the axial system and the shear system. In
both systems the fractures are sub-parallel and in general
the two systems are at approximate right angles to each

other,

Because of certain inherent limiting factors, Structure
Incidence Surveys have a lower order of rellability than
Detailed Fracture Analysis Surveys. To some extent at

least, surface conditions affect the fracture count. In areas




covered by lakes, sloughs and rivers, the fracture count
is zero. Cultivated areas generally yield a lower count
than adjacent virgin territory. Consequently, a dlfference
or contrast in fracture count (F/I} between two points may
be In part due to structure, but, also due in part to
different surface conditions. To some extient, this can be
compensated for by applying appropriate weightings to

the observed counts, but over or under corrections may

result.

Nevertheless, in spite of these sources or error,
it has been demonstrated In {plains) areas where abundant
subsurface control is avallable, that the incidence of fractur-
ing Is considerably above normal In the surrounding area
immedlately out from the steepest part of the flanks of the
structure. This is In contrast with a low or normal incidence
over the crestal area, and also to a normal incidence ofi

structure,




FRACTURE ANALYSIS OF PERMIT
NO. 48

The fracture pattern as shown on the enclesed
mosalc and maps shows a great variation in intensity
over various areas of the Permit., The Permit is
iocated in the muskeg area south of Hudsonls Bay and

is hundreds of miles from the closest settlement.

The sedimentary section is probably about 2,000
feet (plus) thick and several systems are represented.
In addition a thin layer of Tertiary glacial till covers
nearly all of the area. Potential reserveoir horizons are

present within both the Ordovician and Silurian sections.

~ractures as plotted on the mosaic show
ceonsiderable varlation in intensity. There is one area
where the iracture Intensity is greater than normal and
there is one area where the fracture intensity is less
than normal. The high intensity area is shown in red
and the low intensity area is shown in green. The
average length of the fractures is about 4,000 feet and
both mega and micro fractures are present. [t is

worthy of special note to mention the glacial problem




in this area.

Reference to the mosaic will show that the area
is moderately scarred with glacial grooves and striations
and that the direciion of ice flow was about north 30
degrees east. Some of these grooves are so deeply
impressed on the surface that they control the shape
of the lakes and of tree growth in the area. In any
area such as this the photoanalyst is faced with the
difficult problem of eliminating the glacial scars from
the fracture pattern without creating false anomalies.
The removal of all fractures from a |0 - |2 degree
arc in any area will create fr*acture.anomalies and
it requires delicate weightlng of the whole pattern to

adjust for these eflects.

In any fracture pattern there are two main

systems of fractures: the axial system and the shear
system. In both systems the iractures are sub-
parallel and In general, the two systems are at

approximate right angles to each other. Within Petroleum




and Natural Gas Permit No. 48 the stafistical mean
direction of the axijal system is north 40 degrees west
and the statistical mean direction of the shear system
is nath 30 degrees east. A third minor system, here

termed the sub-axial system, trends nearly north-south.

No regional fractures of great length can be seen
and as these are conceded to originate within the Base-
ment, it is assumed that all fractures plotted on the
mosalc originate within the sedimentary section. Further-
more, as the fractures are short for this area it is
very likely that they originate in the upper two-thirds
of the sedimentary section. As the surface of the
Permit is relatively flat-lying ne azimuth correction is
necessary for this study. H has been demonstrated
that tre low incldence anomalies on a mosaic are consider-
ably larger than the subsurface feature which causes
them. Because the high incidence area on Permit No.
48 occurs at the edge of the mosaic it is difficult to

estimate the size of the causative feature.




There is 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
imporiant 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.




STRUCTURE

Petroleum and Natural Gas Permit No. 48 is
located on the coastal plain on the south shore of Hudson
Bay about 70 miles north of the edge of the Pre-Cambrian

Shield,

Structural features which could be present and

which could cause the low incidence anomalles mentioned

in this report are discussed In order of probability.

(1) PRE-CAMBRIAN TOPOGRAPHY

Basement topography under Permit No. 48
Is thought to be much the same as it is today along the
north edge of the Shield. Low rounded hills separated
by gentle to abrupt valleys are seen on the Shleld and these
features are undoubtedly present under the subject Permit.
The effect of this Basement rellef on the overlying sediment-
ary 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 is an

excellent potential reserwvoir,




Further effects of Basement topography
on beds higher than the Granite Wash is the gentle foiding
present over Basement hills. These folds are anticlines

in every sense and could form traps for oil or gas.

(2) REEFS
Reefs strongly afiect the fracture pattern
and control the occurrence of gas and oll in the overlying
beds. However, only small reefs have been found In
outcrops near the Permit and such small masses as

these probably do not greatly affect the fracture pattern.

(3) TECTONIC FOLDING AND FAUL TING

The presence of tectonic folds Is very

unlikely, but some normal faulting could be present.

{4) TOPOGRAPH IC RELIEF ON AN
INTRA-SEDIMENTARY UNCONFORMITY

Unconformity, is a possible source of fracture
Intensity anomalies, but within the Permit area it Is unlikely
that the rellef on any unconformitles within the sedimentary

section is great enough to affect the fracture pattern.




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 "low" fracture intensity {(green). The general
interpretation is that the low fracture intensity area is
underlain by topographic highs on the Basement. WIth
this established, the deduction is that the Basement is

high In the east part of Permit No. 48,

This Basement high feature is most
Interestiing from the oll and gas point of view. The
general shape of this feature is such that the causative
feature must be a hill on the Basement surface. A
fault is unlikely as the causative leature as the high
area is over one and one — half miles in width. If
a fault caused the fracture "low'" the width of the low

would be about ome mlle or less.




Granite Wash sand is probably absent
on the top of this high fracture area

but will probably
be present along the flanks of this feature.

Respectiully submitted by

RAYALLTA F’ETROLE UMS LTD.
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Granite Wash sand is probably absent on
the top of this Basement topographic high; but will

probably be present along the ilanks of this feature,

Respectfully submitted by:

RAYALTA PETROLEUMS LTD.
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INTRODUCTION

This report discusses the results of a study of
the General Geology, Stratigraphy and Fracture Analysis
Survey carried out within, and in the immediate vicinity
of, Petroleum and Natural Gas Permit Neo. 49, Manitoba,
This permit is located between 56° 40' - 56° 50!
latitude and 21° 00' - 91° - [5' |longitude. This is in the
Hudson's Bay area of northeast Manitoba approximately
540 air miles north-northwest of Winnipeg. There are
no roads within the area and the use of an aircraft is

required to reach the area.

The siratigraphic discussion is based on inform-
ation contained in published reports and on the limited

data available from well control.

The Fracture Analysis Surwvey locates topographic
highs and lows on the Basement surface. Areas of
Basement "highs!" are of great interest as it is felt that
much reef growth (which is known to be present} is
centered, or at least concentrated, over areas of Base-

ment 'thighs'.
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Areas of Basement "lows! are of interest as
Granite Wash sands tend te accumulate and attain consider-
able thickness in these "lows!. Reefs and Granlite
Wash sands are probably the two principal reservoir

horizons In this area.




STRATIGRAPHY

The subject acreage, which is located one to 50
miles south of the Hudson Bay shoreline near York
Factory In Manitoba, is primarily covered by muskeg with

numerous small rivers, and streams present., Access to
the area is provided by the Canadian MNational Rallway

line running into Port Nelson and also by ocean ships to
the same point. Subsurface control will be provided by
the Sogepet-Aqguitane-Kaskattama # | well when it is re-
leased. i Is located some 30 miles easi of the northeast
corner of the acreage. Recently Houston et al Comeault

Sth Prov. # |, located at about 56° 40! and 90° 52! has

been licenced. This location, which is some 5 miles east
of the acreage, will provide additional valuable subsurface
information about this area. Outcrop informationis ex~
tremely scarce in this area with only some talus belng
noted near York Factory along'the “north side of the
acreage and along the Kaskattama River, which lies along
the south and east side of the acreage. The main out-

crop data has to be projected into this area from sections

found on the Severn River, which is 110 miles southeast




of the acreage. The Nelson River which is approximately
50 miles northwest of the acreage is another outcrop area.
Ordovician rocks are exposed along Gods River, 30 miles
south of the western portion of the area under discussion.
Beds ranging in age from Upper Ordoviclan to Upper

Silurian are expected to be present beneath the land under

review.

ORDOVICIAN

BAD CACHE RAFIDS GROUP

PORTAGE CHIUTE FCORMATION

The type section of the Portage Chute formation
is located on the Churchill River, 100 miles northwest of the
acreage. OQutcrops are also present on the Nelson River
approximately 50 miles west of the area, as well as on
the Sachige and Severn Rivers which lie to the south. The
fermation was defined by Nelson as overlying peneplaned
Pre-Cambrian rocks, and in turn being conformably over-—
lain by the Surprise Creek formation. The Portage Chute
formation, which is 75 feet thick at ithe type section, con-
sists of a four foot basal quartz sandstone which is generally

quite uniform, tight and calcarecus. This sand is also

!
i




present at the other outcrop sectlons mentioned above. The

sand grades upwards into grey to buif,

weathering light

grey, partlaily dolomitic, microcrystalline, laminated lime-

stones. Skeletal debris is quite abundant. At the type

section the limestone section is 7| feet thick. The thickness

of the Portage Chute formation on the Nelson River is
approximately 25 feet, while at the Severn River exposures
it is only about ten feet thick. The formation dips easterly
with an increasing rate of dip as one proceeds basinward
along the outcrop sections. Fossils consist mainly of a
variety of corals and molluscans with some trilobites present.
The limestone takes on a nodular appearance In weathered

sections.,

SURPRISE CREEK FORMATION

The type section of the Surprise Creek formation
was defined by Nelson as being located at Surprise Creek

on the Churchill River., It is also present at the Nelson

River section but not further south.

Nelson considered the

Surprise Creek formation as late Ordoviclan in age.

T he

type section consists of 63 1/2 feet of thinly bedded, light
yellowish grey, micro to cryptocrystalline limestone, It
ranges from slightly dolomitic, to dolomitic, and contains some

lenses of chert. The Surprise Creek formation is disting-




uished from the underliying Fortage Chute formation by its
lack of organic fragments, and by its smooth weathering
characteristics, as opposed to the nodular weathering of
the Portage Chute formation. The exposures at Nelson
River are poor and nhot easily correlated with the type
section, but, they appear to be lithologically similar to
the type section. The thickness is a minimum 30 feet
and the fauma Is composed mainly of brachiopods. The
combined thickness of the Surprise Creek formation

and Poriage Chute formation at the Selco-Pennycutaway
# 1, drill hole, which lies about 17 miles west of the
acreage, was 300 +, Indicating a rapid thickening of this

group in a basinward direction.

CHURCHILL RIVER GROUP

CALITION CREEK FORMATION

The type section of the Cautlon Creek formation
is also found on the Churchilli River. The type section was
defined by Nelson to consist of a basal |18 foot bed of main-
ly grey to yellowish grey weathering, cryptocrystalline,

slightly dolomite limestone, containing shell fragments. This




is overlain by an I8 foot bed of grey to brown weathering,
crypto to microcrystalline, slightly dolomitic limestone with
little organic remains. This bed weathers intoc smooth
layers, whereas, the lower bed weathers Into uneven
rubbly beds. The uppermost bed consists of six feet of
grey, earthly weathering, micro to cryptocrystalline,
slightly dolomitic limestone which has a nodular appearance
on a weathered surface. The fauna consists of brachio-
pods, corals, and molluscans. The Caution Creek form-
ation apparently does not outcrop on the Nelson River,
but, it should be present In the subsurface of the subject

acreage.

CHASM CREEK FORMATION

The Chasm Creek formation is found both a-
long the Churchill and Nelson Rivers with the Churchill
sections belng the better one., The Chasm is also exposed
at Gods River, some 30 miles south of the acreage. The
Chasm is fairly similar to the underlying Caution Creek
formation and is in conformable contact with it. At the type

section it is about 180 feet thick, The basal 55 feet is a

light yellowish grey to buff, microcrystalline, slightly dolomitic




limestone grading o an iron rich dolomite. It is very
resistant and weathers to a yellow and orange massive bed.
This unit is overlain by about 100 feet of light grey, crypto
to microcrystalline, slightly dolomitic to delomitic limestone.
The unit contains abundant fine organic fragments. Over-
lying this unit is a 5 to I3 foot thick bed of light grey, crypto-
crystalline, dolomitic limestone which contains no organic
material but has filne intercalations of finely fragmented lime-
stone beds. The uppermost unit is ten to 20 feet thick, and
is a light grey weathering, very dolomitic, microcrystalline
unit which is strongly fucoidal. ©On the Nelson River the
Chasm Creek section is a minimum of |5 feet ithick with the
maximum thickness unknhown. It Is lithelogically similar to
the iype section as is the 38 foot thick section found on Gods
River. The Chasm Creek formation contains a fauna com-

prised of corals, cephalopods and some brachiopods.

RED HEAD RAPIDS FORMATION

The Red Head Rapids formation is the uppermost
Ordovician sediment found in this region and tye type section
is located on the Churchill River where it overlies the

Churchill River Group. The formation is a minimum of 42




feet thick with the maximum thickness unknown. Nelson
notes that this formation may be Silurian in age. The
lower 25 feet consist of light yellow, microcrystalline dolo-
mitic which weathers a distinctive orange color. No
fosslis are present in this bed. The upper |7 feet is com-
posed of grey to yellowish grey, microcrystalline delomite,
partially vuggy, which weathers to a grey color. This
bed is also quite unfossiliferous. The Red Head Rapids
is not present in outcrop on the Nelson, Gods, or Severn
Rivers, but, it should be present in the subsurface of the

acreage.

SILURIAN

PORT NELSON FORMATION

The type section of the Port Nelson formation is
located on the Nelson River some 47 miles west of the
acreage under review. The section exposed is 24 feet
thick and consists of interbeds of brecciated dolomite,
dolomite, and shaly dolomite. The dolomite is generally
a gray micro to cryptocrystalline to coccasionally granular

rock with minor porosity. It contains a coral fauna and




is placed in the Middle Silurian, In the James Bay area
a drill hole encountered [0+ feet of this formation. This
unit should be found at subcrop under the southwestern

portion of the acreage,

SEVERN RIVER FORMATION

The type section of this formation is found on ihe
Severn River some |10 miles southeast of the acreage.
The minimum thickness at the type section is 42 feet with
the maximum unknown. The section consists of a basal
13 foot light grey, micro to cryptocrystalline limestone with
rare wvuggy porosity, and a suggestion of algal material.
The middle unit consists of 4 feet of light yellowish grey,
to orange buff, micro to finely crystalline algal limestone
with good vuggy porosity. The upper unit is a 25 foot
thick bed of cream to buff, partly microcrystalline to
finely crystalline, chalky and partly organic limestone. Fine
to coarse organic debris is present as well as beds of
oolitic material. The Severn River formation appears to
be present near Churchill in similar facies plus the notable
fact that it has a strong bituminous odour from a fresh
break in this area. This formation should also be present

at subcrop under the southwest portion of the acreage.




EKWAN RIVER FORMATION

The type section of this formation is on the Ekwan
River, which is in the James Bay area and lies some 350
miles southeast of the area under consideration., The section
is from 73 to 88 feet thick and consists of grey, fine
grained, partially cherty limestone containing corals and
stromatoporoids. The section on Severn River is a minmum
37 feet thick with the maximum unknown. The basal 20
feet is composed of light medium brown, microcrystalline
limestone with fine to coarse lossil fragmenis, some chert
nodules and some oolitic material. The fossils consist of
stromatoporoids, corals, brachiopods and cephalopods.

Some poor Iintercrystalline and vuggy porosity is present.
The middle |l feet consists of yellowish brown, micro-
crystalline partially dolomitic, chalky Iimestone with some

thin fragmental beds and rare brachiopods. The upper 6
feet is a light greyish brown, to creamy, microcrystalline
limestone which Is very highly and coarsely fragmental.

The top section contains poor to good porosity, The Ekwan
River formation is also exposed along the shore of Hudson
Bay from the Mouth of Owl River to a point some 20 miles

south of Cape Churchill. The Ekwan should be found to




subcrop along the western and central posilion of the subject

acreage.

ATTAWAPRPISKAT FORMATION

The iype section is located on the Attawapiskat River
which lies some 40 miles south of the Ekwan River type
section in the James Bay area. The formation outcrops
on the Ekwan River, Severn River and along the tidal

flats south from Cape Churchill.

The Ekwan River outcrop sectionh consists of 54
feet of fimne grained, thin bedded, coral reef limestone.
Nelson has described a reefal and possible off reef facies
for the Attawapiskat formation in general. The reef facies
has a minimum thickness of 25 feet and is a cream, fto
orange cream, to buff, microcrystalline, fragmental lime-
stone with corals and stromatoporoids being common.
Porosity grades from tight to excellent and is vuggy.
Nelson feels that some of the well bedded reefs are
suggestive of biostromes, while other owval, domal reefs
are believed to be bicherms. He noted a gassy odour

at one location.




The off-reef facies is a minimum of 16 feet thick with
uniform beds of cream, to partly vellowish cream, to grey
microcrystalline limestone, There are abundant coarse
granular, bioclastic beds which have excellent intergranular
porosity which could be post reef deposits. The Attawa-
piskat outcrops south of Cape Churchill range in thickness
from 25 to 50 feet in thickness, with both facies present
and they are seen to grade laterally from one to the other.
This formation should be at subcrop through the central

portion of the acreage.

KENOGAMI RIVER FORMATION

The Kenogami River formation which has only been
found in outcrop, in the James Bay represents the youngest
Silurian found in the Hudson Bay Basin. The formation
consists of an alternatihg series of shale, siltstone, sand-
stone, dolomite, slilty delemite, shaly limestone, and lime-~
stone. The colours mainly range from buff to grey, but,
reds and greens are the colours of the clastics. The
outcrop section has a minimum thickness of 300 feet while
a well drilled on Puskwuine Point in James Bay had a

thickness of 862 feet. The Kenogami River formation is




expecled to subcrop aleng the eastern half of the acreage

under review.

DEVONIAN

Rocks of Devonian age are not expected to be present
under the area covered by the permit, however, they
should be present at subcrop east of the acreage, at and
near the Sogepet-Aquitaine-Kaskattama # | well where

lotal depth was reached at 2,94} feet in granite.

CRETACEQOUS

Rocks of Cretaceocus age are know only in the James
Bay area and are not expected to be present under the

permits.




FRACTURE ANALYSIS

This section of the report discusses the results of
a Detailed Fracture Analysis Survey carried out on the
area under discussion. An aerial mosaic (scale |.5 inches
equals approximately | mile) made from Dominion Government
aerial photographs accompanies this report, These same
photographs were examined stereoscopically and the fractures
plotted on the individuali photographs, then transferred to

the mosaic for analysis.

The thecry that the earth's crust [s abundantly and
methodically fractured is the basic premise on which is
bullt the exploration technique known as Fracture Analysis.
A Fracture is defined as'...generally abundant, natural

lineation discernible on aerial photographs!".

Fracturing is largely caused by exiernal stresses

on the surface. The most impertant are:
(a) earth tides
(b) radial acceleration of the

earth along its radius wvector,




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

As slated above, the earth is systematically fractured
and the fracture system would approach symmeiry if the
crust were homogeneocus. It Is considered that irregularities
are caused by regional heterogeneous conditions within the
earth!s crust, L.ocal departures from the norm are caused

by structural or stratigraphic anomalies.

The term !'photogecophysics! was Introduced by
Blanchet (1956) and deals with mapping, analysis and
interpretation of fracture traces as recorded on aerial
photographs. In a more general way 'photogeophysics! can
be delined as the methodical statistical analysis of linear
features seen on aerial photographs and this system is applied
by any method recording all observable lineations, or the
totality of a certain type of linhear 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 s longer than one mile

and a microfracture is shorter than one mile.
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GENERAL 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 radius vector and the gradual de-
crease in the earth'!'s rate of rotation. The endless
rhythemic action of these earth tides is probably the princi-
pal cause of the systematic fracture system seen over
most of the world, even though the amplitude of these tides
is only 9-13 inches. The fractures are most likely
generated by the process of latigue as the end result of
these stresses which are repeated regularly over millions
Metals fatigue in the same manner

and millions of years,

when subjected to continual vibration.

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

actlve 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 surficial deposits that overlie different
kinds of relatively flat-lying sedimentary rocks of varying
thickness. The mechanism producing the lineament pattern
must persist over extensive and widespread belis 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 forces, and the

most probable of these is Isostatic adjustment. Isostatic
rebound following the melting of the glaciers may still be
taking place and this will further acceniuate fractures pre-

sent 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 histery 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 sedinent
then systematic joints must be successively younger up-
wards through the section and the joint pattern is Imposed
on each new layer of sediments when they 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 photographs
from every climate and on every continent in the world.

They are expressed as topographic relief, wvegeiation




differences and soil tonal differences.

TORPOGRAPHIC RELIEF LLINEAMENTS

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 siraight valleys or
hills or by siraight streams where the stream course is

contreolled by a fracture zone.

VEGETAL LINEAMENTS

VVegetal 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 aerlal photograph of northern Saskatchewan, Adberta
or British Columbia. Straight lines of both deciduous and
evergreen trees as well as scrub growth are universally
visible. However, the most common wvegetal 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
in the southern parts of Alberta and Saskatchewan, especial-

ly near large rivers.

Surface Investigations have shown that
fractures are assoclated with bedrock joints; however, in
glaciated areas such as western Canada, the photoanalyst
must take care to establish the direction of ice flow over an
area before he begins to statistically plot and analyse the
fractures. Most areas in western Canada show an abundance
of grooves and flutes caused by the glacier and these must
not be mistaken for fracture traces caused by subsuriace
structural conditions., In parts of the L.loydminster area
of eastern Alberta the glacial scars are so deeply impressed

on the surface that fraciure analysis is at best difiicult and




often impossible.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis (Photogeophysics)
Is to locate shaliow to deep-seated structural and strati-
graphic anomalies. The actual count of fractures per
unit area is made and values are contoured on a ""Fracture
Intensity Map!., In areas of known reefs the fracture
intensity is 2-3 times greater on the flanks of the reef

than directly above the reef,.

In any fracture pattern there are two maln systems
of fractures: the axial system and the shear system. In
both systems the fractures are sub-parallel and in general
the two systems are at approximate right angles to each

other.

Because of certain inherent |imiting factors, Structure
Incidence Surveys have a lower order of reliability than
Detailed Fracture Analysis Surveys. To some extent at

least, surface conditions affect the fracture count. In areas




covered by lakes, sloughs and rivers, the fracture count
is zero, Cultlvated areas generally yield a lower count
than adjacent virgin territory. Consequently, a diiference
or contrast in fracture count (F/I} between two points may
be in part due to struciure, but, also due In part to
different surface conditions, To some extent, this can be
compensated for by applying approprilate weightings to

the observed counts, but over or under corrections may

result.

Nevertheless, In spite of these sources or error,
it has been demonstrated in (plains) areas where abundant
subsurface control is available, that the incidence of fractur-
ing s considerably above normal in the surrounding area
immediately out from the steepest part of the flanks of the
structure., This Is in contrast with a low or normal incidence
over the crestal area, and also to a normal incidence off

structure .
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FRACTURE ANALYSIS OF PERMIT
NO. 49

The ifracture pattern as shown on the enclosed
mosaic and maps shows a great variation in intensity
over various areas of the Permit. The Permit Is
located in the muskeg area south of Hudsonfs Bay

and is hundreds of miles from the closest settlement.

The sedimentary section Is about 2,000 feet

(plus) thick and several systems are represented. In
additieon a thin layer of Tertiary glacial till covers
nearly all of the area. Potential reservoir horizons are

present within both the Ordovician and Silurian sections.

Fractures as plotted on the mosaic show
considerable wvariation In intensity. There is one area
where the fracture intensity is greater than normal and
there is one area where the fracture iniensity is less
than normal. The high intensity area is shown in red
and the low intensity area is shown in green. The
average length of the fractures is about 4,000 feet and
both mega and micro fractures are present. It is
worthy of special note to mention the glacial problem in

this area.




Reference to the mosaic will show that the area
is moderately scarred with glacial grooves and striations
and that the direction of ice flow was about north 30 de-
grees east, Some of these grooves are so deeply impress-
ed on the surface that they control the shape of the lakes
and of tree growth in the area. In any area such as this
the photoanalyst is faced with the difficult problem of
eliminating the glgcial scars from the fracture pattern with-
out creating false anomalies. The removal of all
fractures from a 10 -~ 12 degree arc in any area will
create fracture anomalies and it requires delicate weighting

of the whole pattern to adjust for these effects,

In any fracture pattern there are twoc main
systems of fractures: the axial system and the shear
system. In both systems the fractures are sub-parallel
and in general, the two systems are at approximate right
angles to each other. Within Petroleum & Natural Gas
Permit No. 49 the statistical mean direction of the axial
systems s north 40 degrees west and the statistical mean
direction of the shear system is north 30 degrees east.
A third minor system, here termed the sub-axial system,

trends nearly north-sauth.




No reglional fractures of great length can be seen
and as these are conceded to originate within the Basement,
it is assumed that all fraciures plotted on the mosalc origin-
ate within the sedimentary section, Furthermore, as the
fractures are short for this area it is very likely that
they originate in the upper two-thirds of the sedimentary
section. As the surface of the Permit s relatively flat-
lving no azimuth correction Is necessary for this study.

It has been demonstrated that the low incidence anomalies
on a mosaic are considerably larger than the subsurface

feature which causes them.

There is 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 {eature

will be discussed in the next section of this report.




STRUCTURE

Petroleum and Natural Gas Permit No, 49 is
located on the coastal plain on the south shore of Hudson's
Bay about 70 miles north of the edge of the Pre-Cambrian

Shield.

Structural features which could be present and

which could cause the low incidence anomalies mentioned

in this report are discussed in order of probability,

(1) PRE-CAMBRIAN TOPOGRAPHY

Basement topography under Permit No. 49
is thought to be much the same as it is today along the
north edge of the Shield. Low rounded hills separated
by gentle to abrupt valleys are seen on the Shield and
these features are undoubtedly present under the subject
Permit., The effect of this Basement relief 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 Granlite

Wash is an excellent potential reservoir.




Further effects of Baserment topography on
beds higher than the Granlte Wash is the gentle folding
present over Basement hills., These folds are anticlines

In every sense and could form traps for oll or gas.

(2) REEFS
Reefs strongly affect the fracture pattern and
control the occurrence of gas and oil in the overlying
beds. However, only small reefs have been found in
outcrops near the Permit and such small masses as

these probably do not greatly affect the fracture pattern.

(3) TECTONIC FOLDING AND FAUL TING

The presence of tectonic folds is very un-

likely, but some normal faulting could be present,.

(4) TOPOGRAPHIC RELIEF ON AN
INTRA-SEDIMENTARY UNCONFORMITY

Uinconformity, is a possible source of frature
intensity anomalies, but within the Permit area it is unlikely
that the relief on any unconformities within the sedimentary

section is great enough to aiiect the fracture pattern.




Reierence to the Total Fracture Fattern
Map which accompanies this report will show that there
is one area of "high!' fracture intensity, and one area
of "low" fracture intensity {green). The general Inter-
pretation is that the low fracture intensity area is under-
lain by topographic highs on the Basement. With this
established, the deduction is that the Baserent is high

in the southwest part of Permit No. 49.

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
feature must be a hill on the Baserﬁent surface. A
fault is unlikely as the causalive feaure as the high area
is over one and one-half 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 absent
on the top of this high fracture area, but will probably

be present along the flanks of this feature.
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Granite Wash sand is probably absent on
the top of this Basement topographic high; but will

probably be present along the flanks of this feature.
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INTRODUCTION

This report discusses the results of a study of
the General Geology, Stratigraphy and Fracture Analysis

Survey carried out within, and in the immediate vicinity

of, Petroleum and Natural Gas Permit No. 50, Manitoba.
This permit is located between 56° 40! - 56°¢ 50!
latitude and 91° I5' — 91° 30' longitude. This is in the

Hudson!s Bay area of northeast Manitoba approximately
540 air miles north-northwest of Winnipeg. There are

no roads within the area and the use of an aircraft

is required to reach the area.

The stratigraphic discussion is based on inform-
ation contained in published reportis and on the limited
data awvailable from well control.

The Fracture Analysis Survey locates topographic
highs and lows on the Basement surface. Areas of
Basement "highs!" are of great interest as it is felt that
much reef growth (which is known to be present) is
over areas of Base-

centered, or at least concentrated,

ment ""highs!'.




Areas of Basement "lows" are of interest as
Granite Wash sands tend to accumulate and attain consider-
able thickness in these !'lows!'", Reefs and Granite
Wash sands are probably the two principal reservoir

horizons in this area.
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STRATIGRAPHY

The sublect acreage, which is located one to 50
miles south of the Hudson Bay shoreline near York
Factory in Manitoba, is primarily covered by muskeg with
numerous small rivers, and streams present, Access (0
the area is provided by the Canadian National Railway
line running into Port Nelson and alsc by ocean ships to
the same point. Subsurface control will be provided by
the Sogepet-Aquitane-Kaskattama # | well when It is re-
leased. It is located some 30 milles east of the northeast
corner of the acreage. Recently Houston et al Comeault
Sth Prov. # |, located at about 56° 40' and 90° 52! has
been licenced. This locatlon, which is some 5 miles east
of the acreage, will provide additional valuable subsurface
informatlon about this area. Outcrop informationis ex-
tremely scarce In this area with only some talus being
noted near York Factory along the-north side of the |
acreage and along the Kaskattama River, which lies along
‘the south and east slde of the acreage. The main oui-
crop data has {o be projected into this area from sections

found on the Severn River, which is II0 miles southeast




of the acreage. The Nelson River which is approximately
50 miles northwest of the acreage is another oulcrop area.
Ordovician rocks are exposed along Gods River, 30 miles
south of the western portlon of the area under‘ discussion.
éeds ranging in age from Upper Ordovician to Upper

Silurian are expected to be present beneath the land under

review,

ORDOVICIAN

BAD CcACHE RAPRPIDS GROUP

PORTAGE CHUTE FORMATION

The type section of the Portage Chute formation
is located on the Churchill River, 100 miles northwest of the
acreage. Quicrops are also present on the Nelson River
approximately 50 miles west of the area, as well as on
the Sachigo and Severn Rivers which lle to the south. The
formation was deflned by Nelson as owverlying peneplaned
Pre-Cambrian rocks, and In turn being confocrmably over-
lain by the Surprise Cr‘éek formation. The Portage Chute
_ior‘matlon, which is 75 feet thick at the type section, con-—
sists of a four foot basal quartz sandstone which is generally

quite uniform, tight and calcareous. This sand is also




present at the other outcrop sections mentioned above. The
sand grades upwards Into grey to buff, weathering IIéht
grey, partially dolomitic, microcrystalline, laminated lime-
stones. Skeletal debrls is quite abundant. At the type
section the limestone section Is 7| feet thick. The thickness
ol the Portage Chute formation on the Nelson River Is
approximately 25 feet, while at the Severn Rlver exposures
it is only about ten feet thick. The formation dips easterly
with an Increasing rate of dip as one proceeds basinwérd
along the outcrop sections. Fossils consist mainly of a
variety of corals and molluscans with some trilobites present.
The limestone takes on a nodular appearance In weathered

sections,

SURPRISE CREEK FORMATION

The type section of the Surprise Creek formation
was deflned by Nelson as belng located at Surprise Creek
on the Churchill River. It is also present at the Nelson
River section but not further south. Nelson considered the
Surprise Creek formation as late Ordovician in age. The
type section consists of 63 |/2 feet of thinly bedded, light
vellowish grey, micro to cryptocrystaliine limestone. [t
ranées from slightly dolomitic, to dolomitic, and contains some

lenses of chert. The Surprise Creek formation Is disting-




uished from the underlying Portage Chute formation by its
lack of organic fragments, and by its smooth weathering
characteristics, as opposed to the nodular weathering of
the Portage Chute formation. The exposures ét Nelsoh
River are poor and not easily correlated with the type
section, but, they appear to be lithologically similar to
the type section. The thickness Is a minimum 30 feet
and the fauna is composed mainly of brachiopods. The
combined thickness of the Surprise Creek formation

and Portage Chute formation at the Selco-Pennycutaway
# 1, drill hole, which lies about 17 miles west of the
acr‘eagé, was 300 +, indicatirrjg a rapid thickening of this

group in a basinward direction.

CHURCHILL RIVER GROUP

CAUTION CREEK FORMATION

The type section of the Caution Creek formation
Is also found on the Churchill River. The type section was
defined by Nelson to consist of a basal |8 foot bed of main-
ly grey to yellowish grey weathering, cryptocrystalline,

slightly dolomite limestone, contalning shell fragments. This




is overlain by an |8 foot bed of grey to brown weathering,
crypto to microcrystalline, slightly dolomitic ilmes-tone with
littte organic remains. This bed weathers into smooth
layers, whereas, the lower bed weathers Into uneven
rubbly beds, The uppermost bed consists of six feet of
grey, earthly weathering, micro to cryptocrystalline,
slightly dolomitic limestone which has a nodular appear'énce
on a weathel."ed surface. The fauna consists eof brachlo-
pods, corals, and molluscéns; Thé Cauilon Creek form-
atlon apparently does not outcrob on the Nelson. Rlver,
-but, It should be present in the subsurface of rthe subject

acreage.

CHASM CREEK FORMATION

- The Chasm Creek formation Is found both a-
iong the .Chgr"chill and Ne'lson Rivers with the Churchill
sections being the better one. The Chasm Is also expoéed
rat Gods River, some 30 miles south of the acreage. "I'he'
Chasm is falrly similar to the underlying Caution Creek
formation anq Is in conformable contact with it. At the type
se'ctlolh it is about I80 feet thick, The basal 55 feet Is a

light yellowish grey to buff, microcrystalline, siightly dolomitic




limestone grading to an iron rich dolomite. It is very
resistant and weathers to a yellow and orange massive bed.
This unit is overlain by about |00 feet of light grey, crypto
to microcrystaliine, slightly dolomitlc to dolomitic li.mestone.‘
The unit contalns abundant fine organic fragments, O\)eﬁ-
lying this unit is a 5 to i5 foot thick bed of light grey, crypto-
crystal[iné, dolomitic limestione which contains no organic
material but has fine intercalations of finely fragmented lime-~
stone beds. The uppermost unit Is ten to 20 feet thick, and
is a Iight-gr*ey weathering, wvery dolomitic, microcrystalline
unit which is strongly fucoidal. On the ‘Nelson River the
Chasm Creek sectlon is a minimum of 15 feet thick with the
maximum thickness unknown. It Is lithologically similar to
the tAype sec‘tlon as Is the 38 foot thick section found on Gods
River. The Charsm Creek formation contalns a fauna comé

prised of corals, cephalopods and some brachiopods.

RED HEAD RAPRPIDS FORMATION

The Red Head Raplds formation is the uppermost
Ordoviclan sediment found In this region and tye type section
is located on the Churchill River where it overlies the

Churchill River Group. The formation is a minimum of 42




feet thick with the maximum thickness unknown. Nelson
notes that this formation may be Silurian in age. The
lower 25 feet consist of light yellow, microcrystalline dolo-
mitic which weathers a distinctive orange color. No
fossils are present in this bed. The upper 17 feet is com-
posed of grey to yellowish grey, microcrystalline dolomite,
partially vuggy, which weathers to a grey color, This
bed is also quite unfossiliferous. The Red Head Rapids
is not present in outcrop on the Nelson, Gods, or Severn
Rivers, but, it should be present in the subsurface of the

acreage.

SILURIAN

PORT NELSON FORMATION

The type section of the Port Nelson formation is
located on the Nelson River some 47 miles west of the
acreage under review. The section exposed is 24 feet
thick and consists of interbeds of brecclated dolomite,
dolomite, and shaly dolomite. The dolomiie is generally
a gray micro to cryptocrystalline to occasionally granular

rock with minor porosity. It contains a coral fauna and




is placed in the Middle Silurian. In the James Bay area
a drill hole encountered |10+ feet of this formation. This
unit should be found at subcrop under the southwestern

pertion of the acreage.

SEVERN RIVER FORMATION

The type section of this formation is found on the
Severn River some [0 miles southeast of the acreage.
The minimum thickness at the type section is 42 feet with
the maximum unknown. The section consists of a basal
I3 foot light grey, micro to cryptocrystalline limestone with
rare vuggy porosity, and a suggestion of algal material.
The middle unit consists of 4 feet of light yellowish grey,
to orange bufi, micro to finely crystalline algal limestone
with good wvuggy porosity. The upper unit is a 25 foot
thick bed of cream to buff, partly microcrystalline to
finely crystalline, chalky and partly organic limestone. Fine
to coarse organic debris is present as well as beds of
oolitic material. The Severn River formation appears to
be present near Churchill in similar facies pius the notable
fact that it has a strong bituminous odour from a fresh
break in this area. This formation should also be present

at subcrop under the southwesti portion of the acreage.




EKWAN RIVER FORMATION

The type secilon of this formation Is on the Ekwan
River, which is In the James Bay area and lies some 350
miles southeast of the area under consideration. The section
Is from 73 to 88 feet thick and consists of grey, fine
grained, partially cherty limesione containing corals and
stromatoporoids. The section on Severn River is a minmum
37 feet thick wlith the maximum unknown. The basal 20
feet is composed of light medium brown, microcrystalline
limestone with fine to coarse fossil fragments, some chert
nodules and some oolitic material, The fossils. consist of
stromatoporoids, corals, brachiopods and cephalopods.

Some poor Intercrystalllne and vuggy porosity is present.
The middle Il feet consists of yellowish brown, micro-
crystalline partlally dolomitic, chalky limestone with some

thin fragmental beds and rare brachiopods. T he upper 6
feet is a light greyish brown, to creamy, microcrystalline
limestone which is very highly and coarsely fragmental.

The top section contains poor to good porosity. The Ekwan
River formation is also exposed along the shore of Hudson
Bay from the Mouth of Owl River to a point some 20 miles

south of Cape Churchill. The Ekwan should be found to




subcrop along the western and central poslition of the subject

acreage.

ATTAWAPISKAT FORMATION

The type sectlon is located on the Attawapiskat River
which Heé some 40 miles south of the Ekwan River type
section In the James Bay area., The formation outcrops
on the Ekwan River, Severn River and along the tidal

flats south from Cape Churchill,

The Ekwan River outcrop sectlion consists of 54
feet of fine grained, thin bedded, coral reef limestone.
Nelson has described a reefal and possible off reef facies
for the Attawapliskat formation in general. The reef fac.';ies
has a minimum thickness of 25 feet and Is a cream, to
orange cream, to bufi, microcrystalline, fragmental lime-
stone with corals and stro?nato;:oroids being common,
Porosity grades from tight to excellent and is vuggy.
Nelson feels that some of the well Bedded reefs are
suggestive of blostromes, while other oval, domal reefs
are belleved to be bicherms. He noted a gassy odour

at one location.




The off-reef facies is a minimum of 16 feet thick with
uniform beds of cream, to partly yellowish cream, to grey
microcrysfalline Ilmestone. There are abundant coarse
gr‘an_ular, bioclastic beds which have excellent intergranular
porosity which could be post reef deposits. The Attawa-
piskat outcrops south of Cape Churchill range in thickness
from 25 to 50 feet In thickness, with both facies present
and they are seen o grade laterally from one to the other.
This formation shlould be at subcr'op' through the central

portion of the acreage.

KENOGAMI RIVER FORMATION
‘Th‘e Kenogami River formation which has only been
found in ou-tcr‘Op, in the James Bay represents the'youngest

Silu'rian found in the Hudson Bay Basin. The formation

 consists of an alternating serles of shale, siltstone, sand-

stone, ‘dolomite, silty dolomite, shaly |limestone, and Ilrime_-'
stone. Ther colours mainly range from buff to grey, but,
r*eds and greens ar«_e': the colours of the clastics. The
outcrop sercﬂon has a minimum thickness ol 300 feet while
a well drilled on Puskwuine Point. In James Bayuhacll a -

thickness of 862 feet. The Kenogam! River formation is




expected to subcrop along the eastern half of the acreage

under review.

DEVONIAN

Rocks of Devonian age are not expected to be present
under the area covered by the permit, however, they
should be present at- subcrop east of the acreage, at and
near the Sogepet-Aquitalne~-Kaskattama # | well where

total depth was reached at 2,94l feet in granite.

CRETACEOUS

Rocks of Cretaceous age are know only In the James
Bay area and are not expected tc be present under the

permits.




FRACTURE ANALYSIS

This sectilon of the report discusses the resuits of
a E-)etaI.le'd Fracture Analysls Survey carried out on the
area under discussion. An aerial moséic {scale 1.5 inches
equals approximately | mile) made from Dominion Government
aerial photographs accompanies this report, These same
photographs were examined stereoscoplically and the fractures
ploited on the individual photographs, then transferred to

the mosaic for analysls.

The theory that the earth's crust is abundantly and
methodically fractured Is the baslc pr*emise' on which Is
built the exploration technique known as Fracture Analysis.
A Fracture Is defined as''...generally abundant, natural

lineation discernible on aerial photographé".

Fractiuring is largely caused by external stresses

on the surface.

The most important are:

(a)
(b)

earth tides

radial acceleration of the
earth along its radius vector.




(c) a gradual decrease of the
earthls rate of rotatlon,

As stated above, the earth is systematically fractured
and the fracture system would appreoach symmetry if the
crust were homogeneocus. It Is considered that irregularities
are caused by regional heterogenecus conditions within the
earth's crust. L.ocal departures from the norm are caused

by structural or stratigraphic anomalles,

The term !'photogeophysics" was introduced by
Blanchet (1956) and deals with mapping, analysls and
Interpretation of fracture traces as recorded on aerial
photographs. In a more general way 'photogeophysics" can
be defined as the methodical statistical analysis of linear
features seen on aerial photographs and thls system is applied
by any method recording all observable lineatlons, 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 megafraciure is longer than one mile

and a microfracture is shorter than one mile.
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GENERAL STATEMENT

ORIGIN OF FRACTURES

Fraciuring is largely caused by external stresses
on the earth, although Internal stresses may play some
mlnor roll. The most important of these external forces
are the diurnal earth tides due to the gravitational effecis
of the sun and moon; the change in r‘adial.acceleration.
of the earth along its radlus vector and the gradual de-
crease in the earthls P;ate of rétation. The endless
rhythemlc action of these earth tides is probably the princi-
pal cause of the systematic fracture system seen over:
most of the world, even though the amplitude of these tides
is only 9-13 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 miilions of years., Metals fatigue in the same manner

when subjected to continual vibration.

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 surlace must be reasonably simple, for simple
patterns are preoduced on diverse topography and in diverse
types and depths of surificial deposits that overlie difierent
kinds of relatively flat-lying sedimentary rocks of varying
thickness. The mechanism producing 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 obviousiy fit
these parameters. Some internal forces may also apply
such as the action of deep seated tectonic forces, and the
most probable ol these is isostatic adjustment. Isostatic
rebound following the melting of the glaciers may still be
taking place and this will further accentuate fractures pre-

sent belore 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 fraciure arrangement should
have world wide simiiarity. HMowever, stable areas such
as the masses of the continents may dewvelop fracture
patterns due to external forces and teclonically actlve 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 up-
wards through the section and the joint pattern is Imposed
on each new layer of sediments when they have become
consclidated enough fo 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 chserved In aerial photographs
from every ciimate and on every continent in the world.

They are expressed as topographic rellef, vegetation




differences and soll tonal differences.

TOPOGRAPHIC RELIEF LINEAMENTS

A common type are rellei lineaments which
can be manifested by a change [(usually abrupt) oi topo-
graphic elevation on elther side of a relatively straight
line. They may also be expressed as straight vaileys or
hills or by stralight streams where the siream course is

controlled by a fracture zone.

VEGETAL. LLINEAMENTS

Vegetal Iiﬁeaments 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 aerlal photograph of norther‘n'SaskatcheWan, Alberta
or British Columbla. . Straight lines of both declducus and
everdgreen trees as well as scrub growth are univer‘sélly
visible, However, the most common vegetal lineament seen
by this writer Is a straight "edge!! to a clump of treés or

bushes. |In many cases these fractures control the size and




shape of cultivated flelds. 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
in the southern parts of Alberta and Saskatchewan, especial-

ly near large rivers,

Surface Investigations have shown that
fractures are assoclated with bedrock joints; however, in
glaclated areas such as western Canada, the photoanalyst
must take care to establish the direction of ice flow over an
area before he begins to statistically plot and analyse the
fractures. Most areas In western Canada show an abundance
of grooves and flutes caused by the glacier and these must
not be mistaken for fracture traces caused by subsurface
structural conditions. In parts of the L.loydminster area
of eastern Alberta the glacial scars are so deeply impressed

on the surface that fracture analysis 1s at best difilcult and




often Impossible,

INTERPRETATION OF FRACTURE DATA

The chject of Fraciture Analysis { Photogeophysics)
s to locate shallow to deep-seated structural and strati-
graphic anomalies. The actual count of fractures per
unit area s made and values are contoured on a ""Fracture
Intensity Map". In areas of known reefs the fracture
intensity 'is 2-3 times greater on the flanks of the reef

than directly above the reef.

In any fracture pattern there are two main systems
of fractures: the axial system and the shear system. In
both systems the fractures are sub-parallel and In general
the two systems are at approximate right angles to each

other.

Because of certain inherent IImItIngr factors, Structure
Incidence Surveys have a lower order of rellability than
Detailed Fracture Analysis Surveys. To some extent at

least, surface conditions atfect the fracture count. In areas




covered by lakes, sloughs and rlvers, the fracture count
Is zero. Cultivated areas generally yield a lower count
than adjacent virgin territory. Consequently, a difference
or contrast 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 for by applying appropriate weightings to

the observed counts, but over or under corrections may

result.

Nevertheless, in spite of these sources or error,
It has been demonstrated in (plains) areas where abundant
subsurface control is available, that the incidence of fractur-
Ing is considerably above normal in the surrounding area
immedlately out from the steepest part of the flanks of the
structure. This is In contr‘ast- with a low or normal incidence
over the crestal area, and alse to a normal incidence off

structure.




FRACTURE ANALYSIS OF PERMIT
NO. 50

The fracture pattern as shown on the enclosed
mosaic and maps shows a great variation in intensity
over various areas of the Permits.. The Permit is

located in the muskeg area south of Hudson Bay and

is hundreds of miles from the closest settlement,.

The sedimentary seciion is probably about
2,000 feet {plus) thick and several systems are
represented. [n additien a thin layer of Tertiary
glacial till cover;s, -near‘ly all of the area. Potential
reserveoir horizens are present within both the

Ordovic]an and Silurfan sections.

Fractures as plc.;tted on the mosaic show
considerable wvariation in intensity. There is one
area where the fracture intensity is greater than
nermal and there is one area where the fracture

intensity is less than normal, The high intensity area

o e




is shown In red and the low intensity area Is
shown in green. The average length of the
fractures is about 4,000 feet and both mega and
micro fractures are preseni. It is worthy of
special note to mention the glacial problem in

this area.

Reference to the mosaic will show that
the area is moderately scarred with glacial
grooves and striations and that the direction of
ice flow was about north 30 degrees east. Some
of these grooves are so deeply impressed on
the surface that they control the shape of the
lakes and of tree growth in the area. In any
area such as this the photoanalyst is faced with
the difficult problem of eliminating the glacial scars
from the fraciure pattern without creating false
anomalies. The removal of all fractures from a
10-12 degree arc in any area will create fracture
anomalles and It requires delicate weighting of the

whole pattern to adjust for these effects.




In any fracture pattern there are two main
systems of fractures: the axial system and the
shear system. In both systems the fractures are
sub-parallel and in general, the two systems are at
approximate right angles to each other. Within
Petroleum & Natural Gas Permit No. 50 the
statistical mean direction of the axial system is
north 40 degrees west and the statisiical mean
direction of the shear system s north 30 degrees
east. A third minor system, here termed the

sub-axial system, trends nearly north-south.

No regional fractures of great length can be
seen and as these are conceded to originate within
the Basement, it is assumed that all fractures plotted
on the mosaic originate within the sedimentary section.
Furthermore, as the fractures are short for this
area it Is very likely that they originate in the upper

two~thrids of the sedimentary section. As the surface

of the Permit is relatively flat-lying no azimuth correction

is necessary for this study. It has been demonstrated

that the low incidence anomalies on a mosaic are




considerably larger than the subsurface feature

which causes them.,

There is 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 féature, The type of feature

will be discussed in the next section of this report.




STRUCTURE

Petroleum and Natural Gas Permit No., 50
is located on the coastal plain on the south shore of
Hudson Bay, 70 miles north of the edge of the

Pre-Cambrian Shield.

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

probability .

(1) PRE-CAMBRIAN TORPOGRAPHY

Basement topography under Permit
No. 50 is thought to be much the same as it is today
along the north edge of the Shield. L.ow rounded
hills separated by gentle to abrupt valleys are seen
on the Shield and these features are undoubtedly
present under the subject Permit. The effect of this
Basement relief on the overiying 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 is

an excellent potential reservoir.

Furtrer effects of Basement
topography on beds higher than the Granite Wash is
the gentle folding present over Basement hills.
These folds are anticlines in every sense and could

form iraps for oil or gas.

(2) REEFS
Reefs sirongly affect the fracture
paitern and control the occurrence of gas and oil
In the overlying beds. However, only small reefs
have been found in outcrops near the Permit and
such small masses as these probably do not

greatly affect the fracture pattern.

(3) TECTONIC FOLDING AND FALIL TING

The presence of tectonic folds is very

unlikely, but some normal faulting could be present,




i

{4) TOPOGRAPHIC RELIEF ON AN

INTRA-SEDIMENTARY UNCONFORMITY

Unconformity, is a possible source
of fracture intensity anomalies, but within the Permit
area it Is unlikely that the relief on any unconformities
within the sedimentary section is great enough to affect

the fracture pattern.

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 "low'" fracture intensity {green}.
The general interpretation is that the low fracture
intensity area is underlain by topographic highs on
Basement. With this established, the deduction is
that the Basement is high in the north and east side

of Permit No. 50.

This Basement high feature is most
interesting form the oil and gas point of view. The
general shape of this feature 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 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 absent
on the top of this high ifracture area, but will probably

be present along the flanks of this feature.

Respectiully submitted by:

RAYALTA PETROLEUMS LTD,.

M. A Lo
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Granite Wash sand is probakly absent on
the top of this Basement topographic high; but will

probably be present along the flanks of this feature.

Respectfully submitted by:

RAYALTA PETROLEUMS LLTD.

WILLIAM G. CROOK
Fhotoanalyst, F. Geol.

WGC/jp




INVESTMENT CORPORATION LTD.

GLENDALE

PERMIT NO. 50

P& N.G

S BAY LOWLANDS

HUDSON

MANITOBA

| MI.

.5“

SCALE

SHOUL.D NOT BE TAKEN AS AN

1S A UNCONTROLLED MOSAIC AND

THIS

ACCURATE TOPOGRAPHIC MAP

- S e T |
e, ﬂﬁ,ﬁmmmﬂﬁiﬁf St il
i .... ¢ L : .Av_‘ CR LN Wl T, B v&ﬁfgﬁsﬂﬁnthmm%‘?“(

. L R IR
- v YA AN e NG 50 AN




GLENDALE INVESTMENT CORPORATION LTD.
P & N.G. PERMIT NO. 50

TOTAL FRACTURE PATTERN

SCALE : 15"= 1| ML

| | -

LOW DENSITY

NORMAL DENSITY

| - HIGH DENSITY




GLENDALE INVESTMENT CORPORATION LTD.
P& N.G. PERMIT No. 50

MEGA FRACTURE PATTERN

SCALE . 15" = | Ml




' Y PW OLHM
W PU W 't




MICROFILMED







INTRODUCTION

This report discusses the results of a study of
the General Geclogy, Stratigraphy and Fracture Analysis
Survey carried out within, and in the immediate vicinity
of, Petrcleum and Natural Gas Permit No. 51, Manitoba.
This permit is located between 56° 40! - 56° 50! latitude
and 91° 30! - 9]° 45! longitude. This is in the Hudson's
Bay area of northeast Manitoba approximately 540 air
miles north-northwest of Winnipeg. There are no
roads within the area and the use of an aircraft is

required to reach the area.,.

The stratigraphic discussion is based on inform-
ation contained in published reports and on the limited

daia available from well control.

The Fracture Analysis Survey locates topographic
highs and lows on the Basement surface. Areas of
Basement "highs!' are of great interest as it is felt that
much reef growth {which is known to be present) Is
centered, or at least concentrated, over areas of Base-

ment '""highs't.
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Areas of Basement "lows! are of interest as
Granite Wash sands tend to accumulate and attain consider-
able thickness in these '"lows!l, Reefs and Granite
Wash sands are probably the two principal reservoir

horizons in this area.
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STRATIGRAPRPKY

The subject acreage, which is located one to 50
miles south of the Hudson Bay shoreline near York
Factory in Manitoba, is primarily covered by muskeg with
numerous small rivers, and streams present. Access to
the area is provided by the Canadian National Railway
line running into Port Nelson and also by ocean ships to
the same polnt., Subsurface control will be provided by
the Sogepet-Aquitane-Kaskattama # | well when it Is re-
leased, It is located some 30 miles east of the northeast
corner of the acreage. Recently Houston et al Comeault
Sth Prov. # |, located at about 56° 40! and 90° 52! has
been licenced. This location, which is some 5 miles east
of the acreage, will provide additional valuable subsuriace
information about this area. OQOutcrop informationis ex-
tremely scarce in this area with only some talus being
noted near York Factory along the~north side of the
acreage and along the Kaskattama River, which lies along
the south and east side of the acreage. The main oui-
crop data has to be projected into this area from sections

found on the Severn River, which is |10 miles southeast




of the acreage. The Nelson River which is approximately
50 miles northwest of the acreage is another outcrop area.
Ordovician rocks are exposed along Gods River, 30 miles
south of the western portion of the area under discussion.
Beds ranging in age from Upper Ordovician to Upper

Silurian are expected to be present beneath the land under

review .

ORDOVICIAN

BAD CACHE RAPRPIDS GROUP

PORTAGE CHUTE FORMATION

The type section of the Portage Chute formation
is located on the Churchill River, 100 miles northwest of the
acreage. Cutcrops are also present on the Nelson River
approximaiely 50 miles west of the area, as well as on
the Sachigo and Severn Rivers which lie to the south., The
formation was defined by Nelson as overlying peneplaned
Pre-Cambrian rocks, and in turn being conformably over-
lain by the Surprise Creek formation. The Portage Chute
formation, which is 75 lfeet thick at the type section, con-
sists of a four foot basal quartz sandstone which is generally

quite uniform, tight and calcareous. This sand is also




present at the other outcrop sections mentioned above. The
sand grades upwards into grey {o buff, weathering light
grey, partially delomitic, mlcrocrystalline, laminated lime-
stones. Skeletal debris Is quite abundant. At the type
section the limestone section is 71 feet thick, The thickness
of the Portage Chute formation on the Nelson River is
approximately 25 feet, while at the Severn River exposures
it is only about ten feet thick. The formation dips easterly
with an increasing rate of dip as one proceeds basinward
along the outcrop sections. Fossils consist mainly of a
variety of corals and molluscans with some trilobites present.
The limesione takes on a nodular appearance n weathered

sections,

SURPRISE CREEK FORMATION

The type section of the Surprise Creek formation
was defined by Nelson as being located at Surprise Creek
on the Churchill River. It is also present at the Nelson
River section but not further south. Nelson considered the
Surprise Creek formation as late Ordoviclan in age. The
type section consists of 63 |/2 feet of thinly bedded, light
yellowish grey, micro to cryptocrystalline limesione. It
ranges from slightly dolomitlc, to dolomitic, and conlains some

lenses of chert. The Surprise Creek formation is disting-




uished from the underlying Portage Chute formation by its
lack of organic fragments, and by its smooth weathering
characteristics, as opposed to the nodular weathering of
the Portage Chute formation. The exposures at Nelson
River are poor and not easily correlated with the type
section, but, they appear to be lithologically similar to
the type section. The thickness Is a minimum 30 feet
and the fauna is composed mainly of brachiopods. The
combined thickness of the Surprise Creek formation

and Portage Chute formation at the Selco-Pennycutaway
# 1, drill hole, which lies about |17 miles west of the
acreage, was 300 +, indicating a rapid thickening of this

group in a basinward direction.

CHURCHILL RIVER GROUP

CAUTION CREEK FORMATION

The type section of the Cautlon Creek formation
is also found on the Churchill River. The type section was
defined by Nelson to consist of a basal |8 foot bed of main-
ly grey to yellowish grey weathering, cryptocrystalline,

slightly dolomite limestone, containing shell fragments. This




is overlain by an B foot bed of grey to brown weathering,
crypto to microcrystalline, slightly dolomitic limestone with
little organic remains. This bed weathers into smooth
layers, whereas, the lower bed weathers into uneven
rubbly beds. The uppermost bed consists of six feet of
grey, earthly weathering, micro to cryptocrystalline,
slightly dolomitic limestone which has a nodular appearance
on a weathered surface. The fauna consists of brachio-
pods, corals, and molluscans. The Caution Creek form-
ation apparently does not outcrop on the Nelson River,
but, it should be present In the subsurface of the subject

acreage.

CHASM CREEK FORMATION

The Chasm Creek formation is found both a-
long the Churchill and Nelson Rivers with the Churchili
sections being the better one. The Chasm is also exposed
at Gods River, some 30 miles south of the acreage. The
Chasm is fairly similar to the underlying Caution Creek
formation and is in conformable contact with it. At the type
section it is about |80 feet thick, The basal 55 feet is a

light yellowish grey to buff, microcrystalline, slightly dolomitic




limestone grading 1o an iron rich dolomite. It is wvery
resistant and weathers to a yellow and orange massive bed.
This unit is overlain by about 100 feet of light grey, crypto
to microcrystalline, slightly dolomitic to dolomitic limestone.
The unit contains abundant fine organic fragmentis, Over-
lying this unit is a 5 to |5 foot thick bed of light grey, crypto-
crystalline, dolomitic limestone which contains no organic
material but has fine Intercalations of finely fragmented lime-
sione beds. The uppermost unit is ten to 20 feet thick, and
is a light grey weathering, wvery dolomitic, microcrystalline
unit which is strongly fucoidal. On the Nelson River the
Chasm Creek section is a minimum of 15 feet thick with the
maximum thickness unknown. [t Is lithotogically similar to
the type section as is the 3B ioot thick section found on Gods
River. The Chasm Creek formation contains a fauna com-

prised of corals, cephalopods and some brachiopods.

RED HEAD RAPRPIDS FORMATION

The Red Head Rapids formation is the uppermost
Ordovician sediment found in this region and tye type section
is located on the Churchili River where it overlies the

Churchill River Group. The formation is a minimum of 42




feet thick with the maximum thickness unknown. Nelson
notes that this formation may be Silurian in age. The
lower 25 feet consist of light yellow, microcrystalline dolo-
mitic which weathers a distinctive orange color. No
fossils are present in this bed. The upper |7 feet is com-
posed of grey to vyellowish grey, microcrystalline dolomite,
partially vuggy, which weathers to a grey color. This
bed is also quite unfossiliterous, The Red Head Rapids
is not present in outcrop on the Nelson, Gods, or Severn
Rivers, but, it should be present in the subsurface of the

acreage.,

SILURIAN

PORT NELSON FORMATION

The type section of the Port Nelson formation is
located on the Nelson River some 47 miles west of the
acreage under review. The section exposed is 24 feet
thick and consists of interbeds of brecciated dolomite,
dolomite, and shaly dolomite. The dolomite is generally
a gray micro to cryptocrystalline to occasiconally granular

rock with minor porosity., It contains a coral fauna and




is placed in the Middie Silurian. In the James Bay area
a drill hole encountered 110+ feel of this formation., This
unit should be found at subcrop under the southwestern

portion of the acreage,.

SEVERN RIVER FORMATION

The type section of this formation is found on the
Severn River some 10 miles southeast of the acreage.
The minimum thickness at the type section is 42 feet with
the maximum unknown, The section consists of a basal
i3 foot light grey, micro to cryptocrystalline |limestone with
rare wvuggy porosity, and a suggestion of algal material.
The middle unit consists of 4 feet of light yellowish grey,
to orange buff, micro to finely crystalline algal limestone
with good vuggy porosity. The upper unit is a 25 foot
thick bed of cream to buff, parily microcrystalline to
finely crystalline, chalky and partly organic limestone. Fine
to coarse organic debris is present as well as beds oi
oolitic material. The Severn River formation appears to
be present near Churchill in similar facies plus the notable
fact that it has a strong bituminous odour from a fresh
break in this area. This formation should also be present

at subcrop under the southwest portion of the acreage.




EKWAN RIVER FORMATION

The type section of this formation is on the Ekwan
River, which is in the James Bay area and lies some 350
miles southeast of the area under consideration. The section
is from 73 to 88 feet thick and consists of grey, fine
grained, partially cherty limestone containing corals and
stromatoporoids. The section on Severn River is a minmum
37 feet thick with the maximum unknown. The basal 20
feet is composed of light medium brown, microcrystalline
limestone with fine to coarse fossil fragments, some chert
nodules and some oolitic material, The f[osslls consist of
stromaloporoids, corals, brachiopods and cephalopods.

Some poor intercrystalline and vuggy porosity is present.
The middle |l feet consists of yellowish brown, micro-
crystalline partially dolomitic, chatlky limestone with some
thin fragmental beds and rare brachiopods. The upper 6
feet is a light greyish brown, to creamy, microcrystalline
limestone which is very highly and coarsely fragmenial.

The top section contains poor to good porosity. The Ekwan
River formation is also exposed along the shore of Hudson
Bay from the Mouth of Owl River to a point some 20 miles

south of Cape Churchill. The Ekwan should be ifound to




subcrop along the western and central position of the subject

acreage.

ATTAWAPISKAT FORMATION

The type section is located on the Attawapiskat River
which lies some 40 miles scouth of the Ekwan River type
sectlon in the James Bay area, The formation ouicrops
on the Ekwan River, Severn River and along the tidal

flats south from Cape Churchlll,

The Ekwan River outcrop section consisis of 54
feet of fine gralned, thin bedded, coral reef limestone,
Nelson has described a reefal and possible off reef facies
for the Attawapiskat formation in general. The reef facies
has a minimum thickness of 25 feet and is a cream, to
orange cream, to buff, microcrystalline, fragmental lime-
stone with corals and stromatoporoids being common.
Porosity grades from tight to excellent and is vuggy.
Nelson feels that some of the well bedded reeis are
suggestive of biostromes, while other oval, domal reefs
are believed to be bioherms. He noted a gassy odour

at one location.




The off-reef facies is a minimum of 16 feet thick with
uniform beds of cream, to partly yellowish cream, to grey
microcrystalline limestone. There are abundant coarse
granular, bioclastic beds which have excellent intergranular
porosity which could be post reei deposits. The Attawa-
piskat outcrops south of Cape Churchill range in thickness
from 25 to 50 feet in thickness, with both facies present
and they are seen to grade laterally from one to the other,
This formation should be at subcrop through the central

portion of the acreage.

KENCGAMI RIVER FORMATION

The Kenogami River formation which has only been
found in outcreop, in the James Bay represents the youngest
Silurian found in the Hudson Bay Basin. The formation
consists of an allernating series of shale, siltstone, sand-
stone, dolomite,; slilty dolomite, shaly limestone, and lime-
stone. The colours mainly range from buff to grey, but,
reds and greens are the colours of the clastics. The
ocuicrop section has a minimum thickness of 300 feet while
a well drilled on Puskwuine Polnt in James Bay bhad a

thickness of 862 feet., The Kenogami River formation is




expected to subcrop along the eastern half of the acreage

under review,

DEVONIAN

Rocks of Devonian age are not expected to be present
under the area covered by the permit, however, they
should be present at subcrop east of the acreage, at and
near the Sogepet-Aquitaine~-Kaskattama # 1 well where

total depth was reached at 2,941 feet in granite.

CRETACEOLIS

Rocks of Cretaceous age are know only in the James
Bay area and are not expected to be present under the

permits.




FRACTURE ANALYSIS

This section of the report discusses the results of
a Detailed Fracture Analysis Survey carried out on the
area under discussion. An aerial mosaic (scale I.5 inches
equals approximately | mile) made from Dominion Government
aerijal photographs accompanies this report. These same
photographs were examined stereoscopically and the {ractures
plotted on the individual photographs, then transferred to

the mosaic for analysis.

The theory that the earth!s crust is abundantly and
methodically fractured is the basic premise on which is
built the exploration technique known as Fracture Analysis.
A Fracture is defined as'...generally abundant, natural

lineation discernible on aerial photographs!!.

Fracturing is largely caused by external stresses

on the surface. 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 stated above, the earth is systematically fractured
and the fracture system would approach symmetry if the
crust were homogeneous. It is considered that irregularities
are caused by regional heterogeneous conditions within the
earth's crust. Local departures from the norm are caused

by structural or stratigraphic anomalies.

The term Uphotogeophysics! was Iniroduced by
Blanchet {1956) and deals with mapping, analysis and
interpretation of fracture traces as recorded on aerial
photographs. In a more general way !'photogeophysics!' can
be defined as the methodical statistical analysis of linear
features seen on aerial photegraphs and this system is applied
by any method recording all observable 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.




GENERAL STATEMENT

ORIGIN OF FRACTURES

Fracturing is largely caused by external siresses
on the earth, although internal stresses may play some
minor roll, The most important of these external forces
are the dlurnal earth tides due to the gravitational effects
of the sun and moon; the change in radial acceleration
of the earth along its radius wvector and the gradual de-
crease in the earth!s rate of rotation. The endless
rhythemic action of these earth tides is probably the princi-
pal cause of the systematic fracture system seen over
most of the world, even though the amplitude of these tides
is only 9-13 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 centinual vibration.

In general the Initiating forces which generate

fractures must have continued for a wvery 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 surficial deposits that overiie different
kinds of relatively flat-lying sedimentary rocks of varying
thickness. The mechanism producing 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
lhese parameters. Some internai forces may also apply
such as the action of deep seated tectonic forces, and the
most probable of these is isostatic adjustment. Isostatic
rebound following the melting of the glaciers may still be
taking place and this will further accentuate fractures pre-—

sent 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. i 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 sedinent
then systematic joints must be successively younger up-
wards through the section and the joint pattern is imposed
on each new layer of sediments when they 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 photegraphs
from every climate and on every continent In the world.

They are expressed as topographic relief, wvegetation




differences and soil tonal differences,

TOPOGRAPHIC RELIEF LINEAMENTS

A common type are rellef llneaments 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 siream course is

controlled by a fracture zone.

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 Britlsh Columbia. Straight lines of both deciduous and
evergreen trees as well as scrub growth are universally
visible., Howewver, the most common vegetal lineament seen
by ihis writer is a straight "edge’ to a clump of trees or

bushes. In many cases these iractures control the size and




shape of culiivated 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
in the southern parts of Alberta and Saskatchewan, especial-

ly near large rlvers,

Surface Iinvestigations have shown that
fractures are associated with bedrock joints; however, in
glaciated areas such as western Canada, the photoanalyst
must take care to establish the direction of ice flow over an
area before he begins to statistically plot and analyse the
tractures. Most areas In western Canada show an abundance
of grooves and flutes caused by the glacier and these must
not be mistaken for fracture traces caused by subsurface
structural conditions. In parts of the Lloydminster area
of eastern Alberta the glacial scars are so deeply impressed

on the surface that fracture analysis is at best difficult and




often impossible.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis {Photogeophysics)
is to locate shallow to deep-seated structural and strati-
graphic anomalies. The actual count of fractures per
unit area is made and values are contoured on a "Fracture
Intensity Map!'. In areas of khown reefs the fracture
intensity is 2-3 times greater on the flanks of the reef

than directly above the reef.

In any fracture pattern there are two main systems
of fractures: the axial system and the shear system. In
both systems the fractures are sub-parallel and in generai
the two systems are at approximate right angles to each

other,

Because of certain inherent limiting factors, Structure
Incidence Surveys have a lower order of reliability than
Detailed Fracture Analysis Surveys. To some extent at

least, surface conditions affect the fracture count. In areas




covered by lakes, sloughs and rivers, the fracture count
is zero, Cultivated areas generally yield a lower count
than adjacent virgin territory. Consequently, a difference
or contrast In fracture count (F/l) 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 for by applying appropriate weightings to

the observed counts, but over or under corrections may

result.

Nevertheless, In spite of these sources or error,
it has been demonstrated In (plains) areas where abundant
subsurface conirol is avallable, that the incidence of fractur-
ing Ts considerably above normal in the surrounding area
immediately out from the steepest part of the flanks of the
structure. This is In contrast with a low or normal incidence
over the crestal area, and aiso to a normal incidence off

structure.,




FRACTURE ANALYSIS OF PERMIT
NGO, 5

The fracture patiern as shown on the enclosed
mosaic and maps shows a great variation in intensity
over various areas of the Permit. The Fermit is
located in the muskeg area along the south shore of

Hudson Bay and is hundreds of miles from the closest

settlement.

The sedimentary section is about 2,000 feet
{plus) thick and several systems are represented. In
addition a thin layer of Tertiary glacial till covers
nearly all of the area. Potential reservoir horizons

are present within both the Ordovician and Silurian

sections.

Fractures as plotted on the mosaic show
considerable variation in intensity. There are two
areas where the fractures intensity is greater than
inten-

normal and there is one area where the fracture

sity s less than normal. The high intensity areas
are shown in red and the low intensity area is shown
in green. The average lengih of the fractures is

about 4,000 feet and both mega and micro fractures




are present, |t is worthy of special note to mention the

glacial problem in this area.

Reference to the mosaic will show that the area
is moderately scarred with glacial grooves and striations
and that the direction of ice flow was abouf north 20 degrees
east. Some of these grooves are so deeply impressed
on the surface that they control the shape of the lakes and
of tree growth in the area. In any area such as this the
photoanalyst is faced with the difficult problem of elimin-
ating the glacial scars from the fracture pattern without
creating false ancmalies. The removal of all fractures
from a |10 - 12 degree arc Iin any area will create fracture
anomalies and It requires delicate welghting of the whoie
pattern to adjust for these effects.

In any fracture pattern there are two main systems
of fractures: the axial system and the shear system. In
both systems the fractures are sub-parallel and in general,
the two systems are at approximate right angles to each
other. Within Fetreleum & Natural Gas Permit No, 5l
the statistical mean direction of the axial system is north
40 degrees west and the stiatistical mean direction of the

shear system Is north 30 degrees east. A third minor




system, here termed the sub-axial system, trends nearly

north-south,

No regicnal fractures of great length can be seen
and as these are conceded to originate within the Easement,
it is assumed that all fractures plotted on the mosalc origin-
ate within the sedimentary section. Furthermore, as the
fractures are short for this area it is very likely that they
originate in the upper two-thirds of the sedimentary section.
As the suriace of the Permit is relatively flat-lying no
azimuth correction is necessary for thls study. It has
been demonstrated that the low incidence anomalles on a
mosaic are considerably larger than the subsurface feature

which causes them,

There is one area on the mosalc where the fractures
are less Intense that 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 sectlon of this report.




STRUCTURE

Petroleum and MNatural Gas Permit No. 51 is '
located on the coastal plain on the south shore of Hudson's
Bay, 70 miles north of the edge of the Pre-Cambrian

Shield.

Structural features which could be present and
which could cause the low lncldence anomalies mentioned

in this report are discussed in order of probability .

(i) PRE-CAMBRIAN TOPOGRAPHY

Basement topography under Permlt No. 5] is
though to be much the same as it is loday along the edge
of the Shield. Low rounded hills separated by gentle to
abrupt valleys are seen on the Shield and these features
are undoubtedly present under the subject Permit. The
effect of this Basement rellef on the overilying 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 is an excellent

potential reservolr.




Further eflects of Basement topography on
beds higher than the Granite Wash Is the gentle folding
present over Basement hills. These folds are anticlines

in every sense and could form traps for oll or gas.

(2) REEFS
Reefs strongly affect the fracture pattern and
control the coccurrence of gas and oil in the overlying beds.
However, only small reefs have been found In outcrops
near the Permit and such small masses as these probably

do not greatly alfect the fracture pattern.

(3) TECTONIC FOLDING AND FAUL TING

The presence of tectenic folds Is very unlikely,

but some normal faulting could be present.

(4) TOPOGRAPHIC RELIEF ON AN
INTRA-SEDIMENTARY UNCONFORMITY

Unconformity, is a possible source of fracture
intenslty anomalies, but within the Permit area it is unlikely
that the rellef on any unconformities within the sedimentary

section is great enough to affect the fracture pattern.




Reference to the Total Fracture Pattern
Map which accompanies this report will show that there
are two areas of "high! fracture intensity, and one
area of Ylow!" fracture intensity (green). The general
interpretation is that the low fracture Intensity area Is
underiain by topographic highs on the Basement. With
this established, the deduction is that the Basement is

high in the north part of Permit No. 51,

This Basement high feature is most
interesting from the oil and gas peoint of view. The
general shape of this feature 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 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 absent
on the top of this high fracture area, but will probably

be present along the flanks of this feature.
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Granite Wash sand is probably absent on
the top of this Basement topographic high; but will

probably be present along the flanks of this feature.,

Respectifully submitted by:
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INTRODUICTION

This report discusses the resulis of a study of
the General Geology, Stratigraphy and Fraciure Analysis
Survey carried out within, and in the immediate vicinity
of, Petroleum and Natural Gas Fermit No. 52, Manitoba,
This permit is I-ocated between 56° 40! - 56° 50!
latitude and 91° 45' - 92° 00! longitude. This is in the
Hudson's Bay area of northeast Manitoba approximately
540 air milles north-northwest of Winnipeg. There are
no roads within the area and the use of an aircraft

is required to reach the area.

The stratigraphic discussion is based on inform-
ation contained in published reports and on the limited

data available from well control.

The Fracture Analysis Survey locates topographic
highs and lows on the Basement surface. Areas of
Basement "highs!" are of great Interest as it is felt that
much reef growth {which Is known to be present) is
centered, or at least concentrated, over areas of Base-

ment "highs''.
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Areas of Basement "lows!" are of interest as
Granite Wash sands tend to accumulate and attain consider-
able thickness in these ''lows!. Reefs and Granite
Wash sands are probably the two principal reserwvoir

horizens in this area.




STRATIGRAPHY

The subject acreage, which is located one to 50
miles south of the Hudson Bay shoreline near York
Factory in Manitoba, is primarily covered by muskeg with
numerous small rivers, and streams present. Access to
the area is provided by the Canadian National Railway
line running into Port Nelson and also by ocean ships to
the same point. Subsuriace control will be provided by
the Sogepet-Aquitane-Kaskattama # | well when it s re-
leased. It is located some 30 miles east of the northeast
corner of the acreage. Recently Houston et al Comeault
Sth Prov. # |, located at about 56° 40! and 90° 52! has
been licenced. This location, which is some 5 miles east
of the acreage, will provide additional valuable subsurface
information about this area. OQutcrop informationis ex-
tremely scarce in this area with only some talus being
noted near York Factory along-the north side of the
acreage and alocng the Kaskattama River, which lies along
the south and east side of the acreage. The main out-
crop data has to be projected into this area from sections

found on the Severn River, which is 0 miles southeast




of the acreage. The Nelson River which Is approximately
50 miles northwesi of the acreage is another outcrop area.
Ordovician rocks are exposed along Gods River, 30 miles
south of the western portion of the area under discussion.
Beds ranging in age from Upper Ordovician to Upper

Silurian are expected to be present beneath the land under

review,

ORDOVICIAN

BAD CACHE RAPRPIDS GROUP

PORTAGE CHUTE FORMATION

The type section of the Portage Chute formation
is located on the Churchlill River, 100 miies northwest of the
acreage. Outcrops are also present on the Nelson River
approximately 50 miles west of the area, as well as on
the Sachigo and Severn Rivers which lie to the south, The
formation was defined by Nelson as overlying peneplaned
Pre-Cambrian rocks, and in turn being conformably over-
lain by the Surprise Creek formation., The Portage Chute
formation, which Is 75 feet thick at the type section, con-
sists of a four foot basal gquartz sandstone which is generally

quite uniform, tight and calcarecus. This sand is also




present at the other outcrop sections mentioned above. The
sand grades upwards into grey to buff, weathering light
grey, partlally dolomitic, microcrystalline, laminated lime-
stones. Skeletal debris is quite abundant. At the type
sectlon the limestone section is 71 feet thick. The thickness
of the Portage Chute formation on the Nelson River iIs
approximately 25 feet, whlile at the Severn River exposures
it is only about ten feet thick. The formation dips easterly
with an increasing rate of dip as one proceeds basinward
along the outcrop sections. Fossils consist mainly of a
variety of corals and molluscans with some trilobites present.
The |limestone takes on a neodular appearance In weathered

sections.,

SURPRISE CREEK FORMATICON

The type section of the Surprise Creek formation

was defined by Nelson as being located at Surprise Creek

on the Churchill River. It is also present at the Nelson
River section but not further south. Nelson considered the
Surprise Creek formation as late Ordovician in age. The

type section consists of 63 |I/2 feet of thinly bedded, light
vellowish grey, micro to cryptocrystalline limestone., It
ranges from slightly dolomitic, to delomitic, and contains some

lenses of chert. The Surprise Creek formation is disting—




uished from the underlying Portage Chute formation by its
lack of organic fragments, and by its smooth weathering
characteristics, as opposed to the nodular weathering of
the Portage Chute formation. The exposures at Nelson
River are poor and not easily correlated with the type
section, but, they appear to be lithologically similar to
the type section. The thickness Is a minimum 30 feet
and the fauna is composed mainly of brachiopods. The
combined thickness of the Surprise Creek formation

and Portage Chute formation at the Selco-Pennycutaway
# 1, drill hole, which lies about 17 miles west of the
acreage, was 300 +, indicating a rapid thickening of this

group in a basinward direction.

CHURCHILL. RIVER GROUP

CAUTION CREEK FORMATION

The type section of the Caution Creek formation
is also found on the Churchill River. The type section was
defined by Nelson to consist of a basal 18 foot bed of main-
ly grey to yellowish grey weathering, cryptocrystalline,

slightly dolomite limestone, containing shell fragments. This




is overlain by an 18 {foot bed of grey to brown weathering,
crypto to microcrystalline, slightly dolomitic limestone with
little corganic remains. This bed weathers into smooth
layers, whereas, the lower bed weathers Into uneven
rubbly beds. The uppermost bed consists of six feet of
grey, earthly weathering, micro to cryptocrystalline,
slightly dolomitic limestone which has a nodular appearance
on a weathered surface. The fauna consists of brachio-
pods, corals, and molluscans. The Cautlon Creek form-
ation apparently does not ocutcrop on the Nelson River,
but, 1t should be present in the subsurface of the subject

acreage.

CHASM CREEK FORMATION

The Chasm Creek formation Is found both a-
long the Churchill and Nelsen Rivers with the Churchill
sections being the better one. The Chasm is also exposed
at Gods River, some 30 miles south of the acreage. The
Chasm is fairly similar to the underlying Caution Creek
formation and is In conformable contact with it. At the type
section it Is about 180 feet thick. The basal 55 feet is a

light yellowish grey to buff, microcrystalline, slightly dolomitic




limestone grading to an iron rich dolomite. It is very
resistant and weathers to a yellow and orange massive bed.
This unit Is overlain by about 100 feet of light grey, crypto
to microcrystalline, slightly dolomitic to dolomitic |limestone.
The unit contains abundant fine organic fragments. Over-
lying this unit is a 5 to |5 foot thick bed of light grey, crypto-
crystalline, dolomitic limestone which contains no organic
material but has fine Intercalations of finely fragmented iime-
stone beds. The uppermost unit is ten to 20 feet thick, and
is a light grey weathering, wvery dolomitic, microcrystalline
unit which is strongly fucecidal. On the Nelson River the
Chasm Creek sectlon is a minimum of 5 feet thick with the
maxImum thickness unknown., It Is lithologically similar to
the type section as is the 38 foot thick section found on Gods
River. The Chasm Creek formation contains a fauna com-

prised of cerals, cephalopods and seme brachiopods.

RED HEAD RAPIDS FORMATION

The Red Head Rapids formation is the uppermost
Ordovician sediment found in this region and tye type section
is located on the Churchill River where it overlies the

Churchill River Group. The formation is a minimum of 42




feet thick with the maximum thickness unknown. Nelson
notes that this formation may be Silurian in age. The
lower 25 feet consist of light yellow, microcrystalline c-iolo_
mitic which weathers a distinctive orange color., No
fossils are present in this bed, The upper |7 feet is com-
posed of grey to yellowish grey, microcrystalline dolomite,
partially vuggy, which weathers to a grey color, This
bed is also quite unfossiliferous. The Red Head Rapids
is notpresent in outcrop on the Nelson, Geods, or Severn
Rivers, but, it should be present in the subsurface of the

acreage.

SILURIAN

PORT NELSON FORMATION

The type section of the Port Nelson formation is
located on the Nelson River some 47 miles west of the
acreage under review. The section exposed is 24 feet
thick and consists of interbeds of brecciated dolomite,
dolomite, and shaly dolomite. The dolomite is generally
a gray micro to cryptocrystalline to occasionally granular

rock with minor porosity. W contains a coral fauna and




is placed in the Middle Silurian. In the James Bay area
a drill hole encountered |0+ feet of this formation. This
unit should be found at subcrop under the southwestern

portion of the acreage.

SEVERN RIVER FORMATION

The type section of this formation is found on the
Severn River some 10 miles southeast of the acreage.
The minimum thickness at the type sectlion is 42 feet with
the maximum unknown. The section consists of a basal
I3 foot light grey, micro to cryptocrystalline limestone with
rare vuggy porosity, and a suggestion of algal material.
The middle unit consists of 4 feet of light yellowish grey,
to orange buff, micro to finely crystalline algal limestone
with good vuggy porosity. The upper unit s a 25 foot
thick bed of cream to buff, partly microcrystalline to
finely crystalline, chalky and partly organic limestone. Fine
to coarse organic debris is present as well as beds of
oolitic material. The Severn River formation appears to
be present near Churchill in similar facies plus the notable
fact that it has a strong bituminous odour from a fresh
break in this area. This formation should also be present

at subcrop under the southwest portion of the acreage.




EKWAN RIVER FORMATION

The type section of this formation is on the Ekwan
River, which is in the James Bay area and lies some 350
miles southeast of the area under consideration. The section
is from 73 to 88 feet thick and consists of grey, fine
grained, partially cheriy limestone containing corals and
stromatoporeids. The section on Severn River is a minmum
37 feet thick with the maximum unknown. The basal 20
feet is composed of light medium brown, microcrystalline
limestone with fine to coarse fossil fragments, some chert
nodules and some oolitic material. The fossils consist of
stromatoporoids, corals, brachiopods and cephalopods.

Some poor intercrystalline and vuggy porosity is present.
The middle |l feet consists ol yellowish brown, micro-
crystalline partially dolomitic, chalky limestone with some
thin fragmental beds and rare brachiopods. The upper 6
feet is a light greyish brown, to creamy, microcrystalline
limestone which is very highly and coarsely fragmental.

The top seciion contains poor to good porosity. The Ekwan
River formaition is also exposed along the shore of Hudson
Bay from the Mouth of Owl River to a point some 20 miles

south of Cape Churchill. The Ekwan should be found to




subcrop along the western and central position of the subject

aclreage.

ATTAWARPISKAT FORMATION

The type section is located on the Attawapiskat River
which lies some 40 milles south of the Ekwan River type
section in the James Bay area, The formation ouicrops
on the Ekwan River, Severn River and along the tidal

flats south from Cape Churchill.

The Ekwan River outcrop section consists of 54
feet of fine grained, thin bedded, coral reef limestone.
Nelson has described a reefal and possible off reef facies
for the Attawapiskat formation In general. The reef facies
has a minimum thickness of 25 feet and is a cream, to
orange cream, to buff, microcrystalline, fragmental lime-
sione with corals and stromatoporoids being common.
Porosity grades from tight to excellent and is vuggy.
Nelson feels that some of the well bedded reefs are
suggestive of biostromes, while other owval, domal reeis
are believed to be bioherms. He noted a gassy odour

at one location.




The off-reef facies is a minimum of 16 feet thick with
uniform beds of cream, to partly vellowish cream, to grey
microcrysfalline mestone. There are abundant coarse
granular, bioclastic beds which have excellent intergranular
porosity which could be post reef deposits. The Aitawa-
piskat outcrops south of Cape Churchili range In thickness
from 25 to 50 feet in thickness, with both facies present
and they are seen to grade laterally from cne to the other.
This formation should be at subcrop through the central

portion of the acreage.

KENOGAMI RIVER FORMATION

The Kenogami River formation which has only been
found in outcrop, in the James Bay represenis the youngest
Silurian found in the Hudson Bay Basin. The formation
consists of an alternating serles of shale, siltstone, sand-
stone, dolomite, slilty dolomite, shaly limestone, and lime-
stone. The colours mainly range from buff to grey, but,
reds and greens are the colours of the clastics. The
outcrop section has a minimum thickness of 300 feet while
a well drilled on Puskwuine Point in James Bay had a

thickness of 862 feet, The Kenogami River formation is




expected to subcrop along the eastern half of the acreage

under review.

DEVONIAN

Rocks of Devonian age are not expected to be present
under the area covered by the permit, however, they
should be present at subcrop east of the acreage, at and
near the Sogepet-Aquitaine-Kaskattama # | well where

total depth was reached at 2,94| feet in granite.

CRETACEQCUS

Rocks of Cretaceous age are know only in the James
Bay area and are not expected to be present under the

permits.




FRACTURE ANALYSIS

This section of the report discusses the results of
a Detailed Fracture Analysis Survey carried out on the
area under discussion. An aerial mosaic (scale 1.5 inches
equals approximately | mile) made from Dominion Government
aér‘ial photographs accompanies this report. These same
photographs were examined stereoscopically and the fractures
plotted on the Individual photographs, then transferred to

the mosaic for analysis.

The theory that the earthls crust Is abundantly and
methodically fractured is the basic premise on which is
built the exploration technique known as Fracture Analysis.
A Fraciure is defined as'"...generally abundant, natural

lineation discernible on aerial photographs!.

Fracturing is largely caused by external stiresses

on the surface. The most Important are:
(a) earth tides
(b) radial acceleration of the

earth along iis radius vector.




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

As stated above, the earth is systematically fractured
and the fracture system would approach symmetry if the
crust were homogeneous. It is considered that irregularities
are caused by reglonal heterogeneous conditions within the
earth!s crust. Local depar*turés from the norm are caused

by structural or stratigraphic anomalies.

The term !"photogeophysics" was introduced by
Blanchet (1956) and deals with mapping, analysis and
interpretation of fracture traces as recorded on aerial
photographs. In a more general way !'photogeophysics! can
be defined as the methodical statistical analysis of linear
features seen on aerial photographs and this system is applied
by any method recording all observable lineations, or the
totallty of a certaln 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 megairaciure is longer than one mile

and a microfracture is shorter than one mile.




CENERAL STATEMENT

ORIGIN OF FRACTUIRES

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 radius vector and the gradual de-
crease in the earth's rate of rotation. The endless
rhythemic action of these earth tides is probably the princi-
pal cause of the systematic fracture system seen over
most of the world, even though the amplitude of these tides
is only 9-13 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.

In general the initlating forces which generate

fractures must have continued for a very long time and




the process involved are continuocus and are probably

active at the present time. Furthermore, Mollard (]/957)
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 surficial deposits that overlie different
kinds of relatively flat-lying sedimentary rocks of varying
thickness. The mechanism producing the lineament pattern
must persist over extensive and wlidespread 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 forces, and the
most probabile of these is isostatic adjustment. Isostatic
rebound following the meliing of the glaciers may still be
laking place and this will further accentuate fractures pre-

sent 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 sedinent
then systematic joints must be successively younger up-
wards through the section and the joint pattern is imposed
on each new layer of sediments when they 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 photographs
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 alsc be expressed as straight valleys or
hills or by straight streams where the stream course is

controlled by a fracture zone.

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 growth 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 {ractures conirel the size and




shape of cultivated fields. Excellent examples of this latter
expression ol 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
in the southern parts of Alberta and Saskatchewan, especial-

ly near large rivers.

Surlace investigations have shown that
fractures are assoclated with bedrock joints; howewver, Iin
glaciated areas such as western Canada, the photoanalyst
must take care to establish the direction of ice flow over an
area before he begins to statistically plot and analyse the
fractures. Most areas in western Canada show an abundance
of grooves and flutes caused by the glacier and these must
not be mistaken for fracture traces caused by subsurface
structural conditions. In parts of the lL_loydminster area
of eastern Alberta the glacial scars are so deeply impressed

on the surface that fracture analysis is at best difficult and




often impossibie.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis (Photogeophysics)
is 1o locate shallow to deep-seated structural and strati-
graphic anomalies. The actual count of fractures per
unit area is made and values are contoured on a "Fracture
Intensity Map'"'. In areas of known reefs the fracture
intensity Is 2-3 times greater on the flanks of the reef

than directly above the reef.

In any fracture pattern there are two main systems
of fractures: the axial system and the shear system. In
both systems the fractures are sub-parallel and in general
the two systems are at approximate right angles to each

other.

Because of certain inherent iimiting factors, Structure
Incidence Surveys have a lower order of reliability than
Detailed Fracture Analysis Surveys. To some extent at

least, surface conditlons affect the fracture count. In areas




covered by lakes, sloughs and rivers, the fracture count
is zero. Culiivated areas generally yield a lower count
than adjacent virgin territory. Conseguently, a difference
or contrast in fracture count {F/l} between two points may
be in part due to stiructure, but, also due in part to
different surface conditions. To some extent, this can be
compensated for by applying appropriate weightings to

the observed counts, but over or under corrections may

result,

Nevertheless, In spite of these sources or error,
it has been demonstrated in (plains) areas where abundant
subsurface control is available, that the incidence of fractur-
Ing is considerably above normal in the surrounding area
immediately out from the steepest part of the flanks of the
structure, This is In contrast with a low or normal incidence
over the crestal area, and alsc to a normal incidence off

structure.




FRACTURE ANALYSIS OF PERMIT
NO., 52

The iracture pattern as shown on the enclosed
mosaic and maps shows a great variation in intensity
over various areas of the Permit. The Permit is
located in the muskeg area south of Hudson Bay and

is hundreds of miles from the closest settlement.

The sedimentary section is probably about
2,000 feet (plus) thick and several systems are re-
presented. In addition a thin layer of Tertiary glaclal
till covers nearly all of the area. Potential reservolr
horizons are present within both the Ordovician and

Sllurian sections.

Fractures as plotited on the mosaic show
considerable variation in intensity., There is one area
where the fracture intensity is greater than nomral and
there s one area where the fracture intensity is less
than normal. The high intensity area is shown in red

and the low intensity area Is shown in green. The
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average length of the fractures is about 4,000 feet and
both mega and micro fractures are present. It is
worthy of speclal note to mention the glacial problem

in this area.

Reference to the mosaic will show that the area
is moderately scarred with glacial grooves and strlations
and that the direction of ice flow was about norith 30 degrees
east. Some of these grooves are so deeply impressed
on the surface that they control the shape of the lakes and
of tree growth in the area. In any area such as this
the photoanalyst is faced with the difficult problem of

eliminating the glacial scars from the fracture pattern with-

out creating false anomalies. The removal of all fractures
from a 10 - |2 degree arc in any area will create fracture
anomalies and it requires delicate weighting of the whole

pattern to adjust for these elfects.

In any fracture pattern there are two main systems
of fractures: the axial system and the shear system. In

both systems the fractures are sub-parallel and in general,




the two systems are at approximate right angles to
each other. Within Petroleum & Natural Gas PFPermit
No. 52 the statistlcal mean direction of the axial

system Is north 40 degrees west and the statistical
mean direction of the shear system is north 30 degrees
east. A third minor system, here termed the

sub-axlal system, trends nearly north-south,

No regional fractures of great length can be
seen and as these are conceded to originate within the
Basement, it Is assumed that all fractures plotted on the
mosalc originate within the sedimentary section. Further-
more, as the fractures are short for this area it is
very likely that originate in the upper two-thirds of the
sedimentary section. As the surface of the Permit is
relatively flat-lylng no azimuth correction Is necessary
for this study. It has been demonstrated that the low
incidence anomalies on a mosaic are considerably larger

than the subsuriace feature which causes them.




There is one area on the mosaic where the
fractures are less intense that the surrounding area. Some
fractures are always present within these areas but they
usually have a lower incldence than the surrounding area.
These low intenslty areas are Important and it s quite
likely that they are due to some subsurface feature. The
type of feature will be discussed in the next section of

this report.




STRUCTURE

Petroleum and Natural Gas Permilt No. 52
is located on the coastal plain on the south shore of
Hudson Bay about 70 miles north of the edge of the

Pre-Cambrian Shield.

Structural features which could be present and
which could cause the low incidence anomalies mentioned

in this report are discussed in order of probability .

(1) PRE-CAMBRIAN TOPOGRA PMY

Basement topography under Permit No. 52
is thought to be much the same as It Is today along the
north edge of the Shield. [ow rounded hills separated
by gentle to abrupt valleys are seen on the Shield and
these features are undoubtedly present under the subject
Permit. The effect of this Basement relief on the over-
lying sedimentary rocks Is often great. The Graniie

Wash sand is usually present in the topographic Mlows't




on the Basement but absent on the "highs!". The Granite

Wash Is an excellent potentlal reservolr,

Further efltects of Basement topography on
beds higher than the Granite Wash Is the gentle folding
present over Basement hills. These folds are anticlines

In every sense and could form traps for oll or gas.

(2) REEFS
Reefs strongly affect the fracture patiern
and control the occurrence of gas and oil In the over-
lylng beds. Howewver, only small reeis have been
found in outcrops near the Permlt and such small masses

as these probably do not greatly affect the fracture pattern.

(3) TECTONIC FOLDING AND FAUL TING

The presence of tectonic folds is very

unlikely, but some normal faulting could be present.

{(4) TOPOGRAPHIC RELIEF ON AN
INTRA-SEDIMENTARY UNCONFORMITY

Ulnconiormity, is a possible source of fracture

intensity anomalies, bui within the Permit area it is unlikely




that the rellef on any unconformities within the sedimentary

section is great enough to affect the fracture pattern.

Reference to the Teotal Fracture Pattern
Map which accompanies this report will show that there
I[s one area of "high! fracture intensity, and one area
of "low'" fracture intensity (green). The general Inter-
pretation (s that the low fracture intensity area is under-
lain by topographic highs on the Basement. With this
estabilshed, the deduction is that the Basement is high

in the northeast corner of Permit No. 52.

This Basement high fleature is most
interesting from the oil and gas point of view. The
general shape of this feature is such that the causative
feature must be a hill on the Basement surface. A f[ault
Is unlikely as the causative feature as the high area
is over one and one-half miles in width. If a fault
caused the fracture "iow" the width of the low would

be about one mile or less.




Granite Wash sand is probably absent
on the top of this high fracture area, but will probably

be present along the ilanks of this feature.

Respectfully submitted by:
RAYALTA PETROLEUMS LTD.

WGC/jp
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Granite Wash sand is probably absent on
the top of this Basement topographic high; but will

probably be present along the flanks of this feature,
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INTRCODUICTION

This report discusses the results of a study of
the General Geology, Stratigraphy and Fracture Analysis

Survey ca'wr'ied out within, and in the immediate vicinity

of, Petrcleum and Natural Gas Permit No., 53, Manitoba.
This permit is located between 56° 50! - 56° 55!
latitude and 91° I5! - 91° 30! longitude, This is in the

Hudsonls Bay area of northeast Manitoba approximately
540 air miles north-northwest of Winnipeg. There are

no roads within the area and the use of an aircraft

is required to reach the area.

The stratigraphic discussion is based on inform-
ation contained in published reports and on the limited

data awvailable from well control,.

The Fracture Analysis Survey locates topographic
highs and lows on the Basement surface. Areas of
Basement "highs'" are ol great interest as it is felt that
much reef growth (which is known to be present) is
over areas of Base-

ceniered, or at least concentrated,

ment "highs!",




Areas of Basement "lows! are of Interest as
Granite Wash sands tend to accumulate and attain consider-

able thickness in these "lows!'. Reefs and Granite

Wash sands are probably the two principal reservoir

heorizons in this area.
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STRATIGRAPHY

The subject acreage, which (s located one to 50
miles south of the Hudson Bay shoreline near York
Factory in Manitoba, is primarily covered by muskeg with
numerous small rivers, and streams present. Access to
the area s provided by the Canadian National Railway
line running into Port Nelson and also by ocean ships to
the same polnt., Subsurface conirol wlll be provided by

the Sogepet-Aquitane-iKaskattama # | well when [t is re-

leased. It Is located some 30 miles east oi the northeast
corner of the acreage. Recently Houston et al Comeault
Sth Prov. # |, located at about 56° 40! and 950° 52!'has

been licenced. This liocation, which s some 5 mlles east
of the acreage, will provide additional valuable subsurface
information about this area. Outcrop informationis ex-
tremely scarce Iin this area with only some talus being
noted near York Factory along the north side of the
acreage and along the Kaskattama River, which lies élong
‘the south and east side of the acreage. The main out-
crop data has to be projected into this area from sections

found on the Severn River, which is 110 miles southeast




of the acreage. The Nelson River which is approximately
50 miles northwest of the acreage is another outcrop area.
Ordovician rocks are exposed along Gods River, 30 miles
south of the western portion of the area under discussion.
Beds ranging in age from Upper Ordovician to Upper

Silurian are expected to be present beneath the land under

review.

ORDOVICIAN

BAD CACHE RAPIDS GROUP

FORTAGE CHUTE FORMATION

The type section of the Portage Chute formation
is located on the Churchlil River, 100 miles northwest of the
acreage., OQutcrops are also present on the Neison River
approximately 50 miles west of the area, as well as on
the Sachigo and Severn Rivers which lle to the south. The
formation was defined by Nelson as overlying peneplaned
Pre~-Cambrian rocks, and In turn belng conformably over-

- lain by the Surprise Creek formation. The Poriage Chute
formation, which is 75 feet thick at the type secilon, con- -
sists of a four foot basal quartz sandstone which is generally

quite uniform, tight and calcareous. This sand is also:




present at the other outcrop sections mentioned above. The
sand grades upwards Into grey to buff, weathering Iiéht
grey, partlally delomitic, microcrystalline, laminated lime-
stones., Skeletal debris is quite abundant. At the type
sectlon the limestone section Is 71 feet thick. The thickness
of the Portage Chute formation on the Nelson River Is
approximaiely 25 feet, whille at the Severn River exposures
it Is only about ten feet thick. The formation dips easterly
with an Increasing rate of dip as one proceeds basinward
along the ouicrop sections. -E'—'ossils consist mainly of a
varlety of corals and molluscans with some trliobites present.
The limestone takes on a nodular appearance In weathered

sections.

SURPRISE CREEK FORMATION

The type sectlon of the Surprise Creek formation
was defined by Nelson as being located at Surprise Creek
on the Churchill River. It is also present at the Nelson
River section but not further south. Nelson considered the
Surprise Creek formation as late Ordovician in age. The
type section conslsts of 63 /2 feet of thinly bedded, light
yellowlsh grey, micro to cryptocrystaliine limestone. It
ranges from slightly dolomitic, to dolomitic, and contains some

lenses of chert. The Surprise Creek formatlon is disting-




uished from the underlying Portage Chute formation by its
lack of organic iragments, and by its smooth weathering
characteristics, as opposed to the nodular weathering ofi
the Portage Chute formation. The exposures at Nelson
River are poor and not easily correlated with the type
section, but, they appear to be lithologically similar to
the type section. The thickness is a minimum 30 feet
and the fauna is composed mainly of brachiopods. The
combined thickness of the Surprise Creek formation

and Portage Chute formation at the Selco-Pennyculaway
# 1, drill hole, which lies about 17 miles west of the
acreagé, was 300 +, indicating a rapid .thickening of this

group in a basinward direction.

CHURCHILL RIVER GRCUP

CAULTION CREEK FORMATION

The type section of the Cautlon Creek formation
Is also found on the Churchill River. The type section was
defined by Nelson to consist of a basal |18 foot bed of main-
ly grey to yellowish grey weathering, cryptocrystalline,

slightly dolomite limestone, containing shell fragments. This




is overlaln by an |8 foot bed of grey to brown weathering,
crypto to m!cr*ocrysfailine, slightly dolomitic limestone with
little organic remains. This bed weathers into smooth
layers, whereas, the lower bed weathers Into uneven
rubbly beds. The uppermost bed consists of six fqet of
grey, earthly weathering, micro to cryptocrystalline,
slightly dolomitic limestone which has a nodular appearénce
on a weathered suriace. The fauna consists of brachio-
pods, corals, and molluscans. The Caution Creek form-
- ation apparently does not outcrop on the Nelson River,
but, it should be present In the subsuriace of the subject

acreage.

CHASM CREEK FORMATION

The Chasm Creek formation Is found both a-
long the Churchill and Nelson Rivers with the Churchill
sections being‘the better one. The Chasm Is also exposed
at Gods River, some.30 miles south of the acreage. The
Ch'as‘m is falrly similar to the underiying Cat;:tion Creek
forméti_on and !s_In COnformabIe contact with it. At the type
sectlon it is about |80 feet thick. The basal 55 feet is a

light yellowish grey to buff, microcrystalline, slightly dolomitic




limestone grading to an Iron rich dolomite. It is very
resistant and weathers to a yellow and orange massive bed.
This unit Is overlain by about 100 feet of light grey, crypto
to microcrystalline, slightly dolomitic to delomitic I_fmestone.‘

The unit contains abundant fine organic fragments. Over-

lylng this unit is a 5 to I5 foot thick bed of light grey, crypto-

crysialline, dolomitic limestone which contalns no organic
material but bhas fine intercalations of finely fragmented lime-

stone beds. The uppermost unit is ten to 20 feet thick, and

. 1s a light 'gr‘ey weathering, very dolomitic, microcrystalline

unit which is strongly fucoidal. On the Nelson River the

Chasm Creek section Is a minlmum of 15 feet thick with the

“maximum thickness unknown. [t Is Ilthologically similar to

‘the type sectlon as is the 38 foot thick section found on Gods

River. The Chasm Creek formation contafris a fauna com-

prised of corals, cephalopods and some brachiopods.

RED HEAD RARPIDS FORMATION

The Red Head Rapids formation is the uppermost

Ordovician sediment found in this region and tye type section
is located on the Churchill River where it overlles the

Churchill River Group. The formation is a minimum of 42




feet thick with the maximum thickness unknown. Nelson
notes that this formation may be Silurian in age. The
lower 25 feet consist of light yellow, microcrystalline dolo-
mitic which weathers a distinctive orange color. No
fossils are present in this bed. The upper 17 feet is com-
posed of grey 1o yeilowish grey, microcrystalline dolomite,
partially vuggy, which weaihers to a grey color. This
bed is also quiie unfossiliferous. The Red Head Rapids
is notpresent in outcrop on the Nelson, Gods, or Severn
Rivers, but, it should be present in the subsuriace of the

acreage.

SILURIAN

PORT NELSON FORMATION

The type section of the Port Nelson formation is
located on the Nelson River some 47 miles west of the
acreage under review. The section exposed is 24 feet
thick and consists of interbeds of brecciated dolomite,
dolomite, and shaly dolomite, The dolomite is generally
a gray micro to cryptocrysialline to occasionally granular

rock with minor porosity. It contains a coral fauna and

H
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s placed in the Middle Silurian. In the James Bay area
a drill hole encountered {10+ feet of this formation. This
unit should be found at subcrop under the southwestern

portion of the acreage.

SEVERN RIVER FORMATION

The type section of this formation is found on the
Severn River some 110 miles southeast of the acreage.
The minimum thickness at the type section is 42 feet with
the maximum unknown., The section consists of a basal
I3 foot light grey, micro to cryptocrystalline limestone with
rare vuggy peorosity, and a suggestion of algal materiatl.
The middie unit consists of 4 feet of light yellowish grey,
to orange bufi, micro to finely crystalline algal limestone
with good wvuggy porosity. The upper unit is a 25 foot
thick bed of cream to buif, partly microcrystalline to
finely crystalline, chalky and partly organic limestone. Fine
to coarse organic debris is present as well as beds of
oolitic material. The Severn Rlver formaticn appears to
be present near Churchill in similar facles plus the notable
fact that it has a strong bltuminous odour from a iresh
break in this area. This formation should also be present

at subcrop under the southwest portion of the acreage.




EKWAN RIVER FORMATION

The type section of this formation is on the Ekwan
River, which is in the James Bay area and lies some 350
The section

miles southeast of the area under consideration,

is from 73 to 88 feet thick and consists of grey, fine

grained, partially cherty |imestone containing corais and

stromatoporoids.

The section on Severn River is a minmum

37 feet thick with the maximum unknown. The basal 20

feet is composed of light medium brown, microcrystalline
limestone with fine to coarse fossil fragments, some chert
nodules and some oolitic material. The fossils consist of
stromatoporoids, corals, brachiopods and cephalopods.
Some poor Intercrystalline and vuggy porosity Is present.
The middle |l feet consists of yeilowish brown, micro-
crysialline partially dolomitic, chalky limestone with some
thin fragmental beds and rare brachiopoeds. The upper &
feet is a light greyish brown, to creamy, microcrystalline
limestone which is very highly and coarsely fragmental.
The top section contains poor to good porosity. The Ekwan
River formation Is also exposed along the shore of Hudson
Bay from the Mouth of Owl River to a point some 20 miles

south of Cape Churchill. The Ekwan should be found to




subcrop along the western and central position of the subject

acreage.

ATTAWAPRPISKAT FORMATION

The type section is located on the Attawapiskat F!iver-
which lies some 40 miles south of the Ekwan River type
section in the James Bay area. The formation outcrops
on the Ekwan River, Severn River and along the tidal

flats south from Cape Churchill.

The Ekwan River outcrop section consists of- 54
jeet of flne gralned, thin bedded, coral reef limestone,.
Nelson has described a reefal and possible oif reef facies
jor the Attawaplskat formation in general. The reei facles
has a minimum thickness of 25 feet and is a cream, to
orange cream, to buif, rﬁ_icr*ocr*ystalllne, fragmental lime-
stone with corals and str-o;*nawpor‘oids being common.
Porosity grades from tight to excellent and Is vuggy.
Nelson feels that some of the well Bedded reefs are
suggestive of blostromes, while other oval, domal reefs
are believed to be bioherms, He noted a gassy odour

at one location.




The off-reef facies Is a minimum of 16 feet thick with
uniform beds of cream, to partly yellowish cream, to grey
microcrystalline {imestone. There are abundant -coar‘ée
granglar‘, bloclastic béds which have excellent intergranular
porosity which could ‘be post reef deposits. The Attawa-
plskat outcrops south of Cape C_hur*chill range in thickness
from 25 to 50 feet in thic.;,kness, with both facies present
and they are seen tp grade laterally from one to the other.
This formation should be at subcrop through the central

portion of the acreage.

KENOGAMI RIVER FORMATION

‘The Kenogami F!Iver_“ formation which has only been
found in outcrop, in the James Bay represenis the youngest
Silurian fb_Ljnd In the Hudson Bay Basin. The formation
c0n.sist5'o'f-an alternating series of .shalé, siltstoné, sand-
stone, dolomite, slity ;:lolomite,, shaly limestone, and lime-~
stone. Thér colours mainly range irom_ buif to grey, but,
r-edsand greens ar‘é the colours of the clastics. _The
outcrop section has‘ é. minimum thickness of 300 fget 'while
a well idr‘*iiled on Puskwuine Point in James Bag.ﬁaa a

thickness of 862 feet. The Kenogami River formation is




expected to subcrop along the eastern half of the acreage

under review.

DEVONIAN

Rocks of Dewvonlan age are not expected to be present
under the area covered by the permit, however, they
should be present at subcrop east of the acreage, at and
near the Sogepet-Aquitaine-Kaskattama # | weil where

total depth was reached at 2,94| feet In granite.

CRETACEOUS

Rocks of Crefaceous age are know only in the James
Bay area and are not expected to be present under the

permits.




FRACTURE ANALYSIS

This sectlon of the report discusses the resulis of
a Detalled Fracture Analysis Survey carried out on the
ar*éa under discussion. An aerial mosaic (scale |.5 inches
equals approximately | mile} made from Dominion Government
aerlal photographs accompanies this report, These same
photographs were examined stereoscoplcally and the fractures
plotted on the individual photographs, then transferred to

the mosaic for analysis.

The theory that the earth's crust Is abundantly and
methodically fractured is the baslc premise on Whlclh Is
bullt the exploration technique known as Fracture Analysis.
A Fracture is defined as'...generally abundant, natural

lineation discernible on aerlal photographs'.

Fracturing Is largely caused by external siresses

on the surface. 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 stated above, the earth is systematically fractured
and the fracture system would approach symmetry if the
crust were homogeneous. It is considered that irregularities
are caused by regional heterogeneous conditions within the
earth's crust. L.ocal departures from the norm are caused

by structural or stratigraphic anomalies.

The term ''photogeophysics" was introduced by
Blanchet (1956) and deals with mapping, analysis and
interpretation of fracture traces as recorded on aerial
photographs. In a more general way "photogeophysics! can
be defined as the methodical statistical analysis of linear
features seen on aerial photographs and this system is appiied
by any method recording all observable Iineations, or the
totallty 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 mosalic.

In this report a megafracture Is longer than one mile

and a microfracture is shorter than one mile.




GENERAL. STATEMENT

ORIGIN OF FRACTURES

Fracturing Is largely caused by external stresses
on the earth, although internal stresses may play some
minor reoll. The most imporiant of these external forces
are the dlurnal earth tides due to the gravitational efiects
of the sun and moon; the change in radial acceleration
of the earth along its radius vector and the gradual de-
crease in the earth's rate of rétation. The endless
rhythemic action of these earth tildes is probably the princi-
pal cause of the systematic fracture system seen over
most of the world, even though the amplitude of these tides
is only 9-I13 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
Metals fatigue In the same manner

and millions of years.

when subjécted to continual wvibration.

In general the initiating forces which generate

fractures must have continued for a very long time and




the process invelved are continuous and are probably

actlve 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 surficial deposits that overlie diiferent
kinds of relatively lat-lying sedimentary rocks of wvarying
thickness. The mechanism producing the lineament pattern
must persist over extenslve and widespread beits of the
earth's outer shell; that is today, the engendering mechanism

in fact be world wide!l,

External forces such as earth tldes 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 Is isostatic adjustment. I[sostatic
rebound following the melting of the glaciers may still be
taking place and this will further accentuate fractures pre-

sent before glaciation.

In general it can be said that fracture patterns

are caused by either iniernal forces or external forces.

i




If the forces are internal the result would be difierent
orientation of the fracture systems in areas of similar
tectonic history but diiferent position. If the forces are
external the orlentation 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 systematlc joints must be successively younger up-—
wards through the section and the jolnt pattern is imposed
on each new layer of sediments when they have become
consclidated enough to fracture. This upward propagation
is caused by the fatigue caused by stiress, which in turn

Is caused by diurnal earth tides.

EXPRESSION OF FRACTURE

Fraciures have been observed in aerial photographs
from ewvery climate and on every contlment in the world,

They are expressed as topographic relief, vegetatlon




differences and soil tonal diiferences.

TOPOGRAPHIC RELIEF LINEAMENTS

VA common type are rellef lineaments which
can be manifested by a change {usuaily abrupt) of topo-
graphic elevailon on elther side of a relatively straight
line. They may also be expressed as straight valleys or
hills or by stralght streams where the stream course is

controlled by a iracture zone.

VEGETAL. LINEAMENTS

Vegetal lineaments are the most common in
the parkland and muskeg areas éf wesiern 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 growth 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 flelds. 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 commeon
in the southern parts of Alberta and Saskatchewan, especial-

ly near large rivers.

Suriace investigations have shown that
fractures are assoclated with bedrock jolnts; however, in
glaclated areas such as western Canada, the photoanalyst
must take care to establish the direction of ice flow over an
area belore he begins toc statistically plot and analyse the
fractures., Most areas In western Canada show an abundance
of grooves and flutes caused by the glaclier and these must
not be mistaken for fracture traces caused by subsuriace
structural conditions. In parts of the l_loydminster area
of eastern Alberta the glacial scars are so deeply impressed

on the surface that fracture analysis is at best difficult and




often Tmpossible,

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysls (Photogeophysics)
s to locate shallow to deep-seated structural and stratl-
graphic anomalies. The actual count of fractures per
unit area Is made and values are contoured on a "Fracture
Intensity Map". In areas of known reefs the fracture
intensity is 2-3 times greater on the fHanks of the reei

than directly above the reef,

In any fracture pattern there are two maln systems
of fractures: the axial system and the shear system. In
both systems the fractures are sub-parallel and In general
the two systems are at approximate right angles to each

other.

Because of certain Inherent limiting factors, Structure
Incidence Surwveys have a lower order of reliability than
Detailed Fracture Analysis Surveys. To some extent at

least, surface conditions affect the fracture count. In areas




covered by lakes, sloughs and rivers, the fracture count
is zero. Culiivated areas generally yield a lower count
than adjacent virgin territory. Consequently, a diiference
or contrast 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 for by applying appropriate weightings to

the observed counts, but over or under corrections may

result.

Nevertheless, in spite of these sources or error,
it has been demonstrated in (plains) areas where abundant
subsurface control is available, that the incidence of fractur-
ing Is considerably above normal in the surrounding area
immediately out from the steepest part of the flanks of the
structyre, This is In contr‘ast‘ with a low or normal incidence
over ifhe crestal area, and also to a normal incidence off

struciure .,




FRACTURE ANALYSIS OF PERMIT
NO. 53

The fracture pattern as shown on the enclosed mosaic
and maps shows a great variation in intensity over
various areas of the Permit. The Permit is located
in the muskeg area south of Hudson's Bay and is

hundreds of miles from the closest settlement.

The sedimentary section is probably about
2,000 feet (plus} thick and several systems are
represented. In addition‘ a thin layer of Tertlary
glacial till covers nearly all of the area. Potential
reservoir horizons are present within both the

Ordovician and Silurian sections.

Fractures as plotted on the mosaic show con-
siderable variation in intensity. There is one area
where the fracture intensity is greater than normal
and there is one area where the fracture intensity
is less than normal. The high intensity area is
shown in red and the low intensity area is shown

in green. The average length of the fractures is




about 4,000 feet and both mega and micro
fractures are present. It is worthy of special

note to men tion the glacial problem in this area.

Reference to the mosaic will show that the
area moderately scarred with glacial grooves and
striations and that the direction of ice flow was
about north 30 degrees east. Some of these grooves
are so deeply impressed on the surface that they
control the shape of the lakes and of tree growth
in the area. In any area such as this the photo-
analyst is flaced with the difficult problem of ellminating
the glacial scars from the fracture pattern without
creating false anomalies. The removal of all
fractures from a 10 - 12 degree arc In any area willl
create fracture anomalies and it requires delicate
weighting of the whole pattern to adjust for these

effects.

In any fracture pattern there are two main
systems of fractures: the axial system and the

shear system. In both systems the fractures are




sub-parallel and in general, the two systems are

at approximate right angies to each other. Within
Petroleum & Natural Gas Permit No. 53 the
statistical mean direction of the axial system Is north
40 degrees west and the statistical mean direction of
the shear system is north 30 degrees east. A
third minor system, here termed the sub-axial

system, trends nearly north-south.

No regional fractures of great length can be
seen and as these are conceded to originate within
the sedimentary section. Furthermore, as the
iractures are short for thisarea it is very likely that
they originate in the upper two-thirds of the sedimentary
section. As the surface of the Permit is relatively
flat-lying no azimuth correction Is necessary for
this study. [t has been deomonstrated that the low
incidence anomalies on a mosaic are considerably
larger than the subsurface feature which causes
them. Blecause the high incidence area on Permit
No. 53 occurs at the edge of the mosaic it is

difficult to estimate the size of the causative feature,




There is 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 that the

surrounding area. These low intensity areas are
important and 1t 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.




STRUCTURE

Petroleum and Natural Gas Permit No. 53
is located on the coastal plain on the south shore of
Hudson 's Bay, 70 miles north of the edge of the

Pre-Cambrian Shield.

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

probability .

(1) PRE-CAMBRIAN TOPOGRAPHY

Basement topography under Permit
No. 53 Is thought to be much the same as It is today
along the north edge of the Shield. Low rounded hills
separated by gentle to abrupt valleys are seen on the
Shield and these features are undoubtedly present
under the subject Permit. The eifect of this
Basement relief on the overlying sedimentary rocks
is often great. The Granlte Wash sand is usually
present in the topographic 'lows!! on the Basement but
absent on the '"highs! . The Granite Wash is an

excellent potential reservoir.




Further effects of Basement topo-
graphy on beds higher than the Granite Wash is the
gentle folding present over Basement hills. These
folds are anticlines in every sense and could form

traps for oil or gas.

(2) REEFS
Reefs strongly affect the fracture
pattern and control the occurrence of gas and olil in
the overlying beds, However, only small reefs
have been found In outicrops near the Permit and
such small masses as these probably do not greatly

affect the fracture pattern.

(3) TECTONIC FOLDING AND FAUL TING

The presence of tectonic folds is very

unlikely, but some normal faulting could be present,

(4) TOPOGRAPHIC RELIEF ON AN
INTRA-SEDIMENT ARY UNCONFORMITY -

Unconformity, is a possible source of
fracture intensity anomalies, but within the Permit area it

is unlikely that the relief on any unconformities within the




|

/

sedimentary section is great enough to affect the

fracture pattern.

Reference to the Total Fracture
Pattern Map which accompanies this report wlll show
that there is one area of "high!" fracture intensity, and
one area of !low" fracture intensity {(green). The
general interpretation is that the low fracture intensity
area is underlain by topographic highs on the Base-
ment .,  WIith this established, the deduction is that
the Basement is hfgh in the south part of Permit No.

53 .

This Basement high leature Is most
Interesting from the oil and gas point of view. The
general shape of this feature 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 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 absent
on the top of this high fracture area, but will probably

be present along the flanks of this feature.

Respectfully submitted ‘b)_/ :

RAYALTA PETRCOCLEUMSTLTD.
,//////’Zi;‘rx /4 /;J,cm;‘_ﬂ’{v -
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Granite Wash sand is probably absent on
the top of this Basement topographic high; but will

probably be present along the flanks of this feature.
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INTRODUCTION

This report discusses the results of a study of
the General Geology, Siratigraphy and Fracture Analysis
Survey carried out within, and in the immediate vicinlty
of, Petroleum and Natural Gas Permit No. 54, Manitoba.
This permii is located between 56° 50! - 57° 00!
latitude and 91° 30" — 9{° 45! jongitude. This is in the
Hudson's Bay area of northeast Manitoba approximately
540 air miles north-northwest of Winnipeg. There are
neo roads within the area and the use of an aircraft

is required to reach this area.

The stratigraphic discussion is based on inform-
ation contained in published reports and on the limited

data available from well control.

The Fracture Analysis Survey locates topographic
highs and lows on the Basement surface. Areas of
Basement "highs" are of great interest as it is felt that
much reef growth {which is known to be present) is
centered, or at least concentrated, over areas of

Basement 'thighs''.




®

Areas of Basement "lows!

Granite Wash sands tend

able thickness in these

Hows!,

are of interest as

to accumulate and attain consider-

Reefs and Granite

Wash sands are probably the two principal reservoir

horizons

in this area.
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STRATIGRAPRPHY

The subject acreage, which Is located one to 50
miles south of the Hudson Bay shoreline near York
Factory in Manitocba, is primarily covered by muskég with
numerous small rivers, and streams present. Access to
the area s provided by the Canadian MNational Railway
line running into Port Nelson and also by ocean ships to
the same point. Subsurface control will be provided by
the Sogepet-Aquitane-Kaskattama # | well when It is re-
leased., It is located some 30 miles eas! of the northeast
corner of the acreage. Recently Houston et al Comeault
Sth Prov. # |, located at aboui 56° 40! and 90° 52! has
been licenced. This location, which Is some 5 miles east
of the acreage, will provide additional valuable subsuriace
information about this area. Cuicrop informationis ex—
tremely scarce In this area with only some falus being
noted near York Factory along thenorth side of the
acreage and along the Kaskattama River, which lies along
the south and east side of the acreage. The main out-
crop data has to be projected into this area from sections

found on the Severn River, which is lI0 miles southeast




of the acreage. The Nelson River which is approximately
50 miles northwest of the acreage is another outcrop area.
Ordovician rocks are exposed along Gods River, 30 miles
south of the westiern portion of the area under discussion.
Beds ranging in age from Upper Ordovician to Upper

Sllurian are expected to be present beneath the land under

review,

ORDOVICIAN

BAD CACHE RAPIDS GROUP

PORTAGE CHUTE FORMATION

The type section of the Portage Chuie formation
is located on the Churchill River, 100 miles northwest of the
acreage, OQutcrops are also present on the Nelson River
approximately 50 miles west of the area, as well as on
the Sachigo and Severn Rivers which lie to the south, The
formation was defined by Nelson as overlying peneplaned
Fre-Cambrian rocks, and in turn belng conformably over-
lain by the Surprise Creek formation. The Portage Chute
formation, which is 75 feet thick at the type section, con-
sists of a four foot basal quartz sandstone which is generally

quite uniform, tight and calcareous. This sand is also




present at the other outcrop sectlons mentioned above. The
sand grades upwards into grey to buff, weathering light
grey, partiaily dolomitic, microcrystalline, laminated lime-
stones., Skeletal debris is quite abundant. At the t)./pe
section the limestione section is 7| feet thick. The thickness
of the Portiage Chute formation on the Nelson River is
approximately 25 feet, while at the Severn River exposures
It is only about ten feet thick. The formation dips easterly
with an Increasing rate of dip as one proceeds basinward
along the outcrop sections. Fossils consist mainly of a
variety of corals and molluscans with some trilobites present.
The limestone takes on a nodular appearance in weathered

sections.,

SURPRISE CREEK FORMATION

The type section of the Surprise Creek formation
was defined by Nelson as being located at Surprise Creek
on the Churchill River. It is also preseni at the Nelson
River section but not further south. Neison considered the
Surprise Creek formation as late Crdovician in age. The
type section consists of 63 |/2 feet of thinly bedded, light
vellowish grey, micro to cryptocrystalline limestone. It
ranges from slightly dolomitic, to dolomitic, and contains some

lenses of chert. The Surprise Creek formation Is disting-




uished from the underlying Portage Chute formation by its
lack of organic fragments, and by its smooth weathering
characteristics, as opposed to the nodular weathering of
the Fortage Chute formation. The exposures at Nelson
River are poor and not easily correlated with the type
they appear to be lithologically similar to

section, but,

the type section. The thickness Is a minimum 30 feet
and the fauna is composed mainly of brachiopods. The
combined thickness of the Surprise Creek formation

and Portage Chute formation at the Selco-Pennycutaway
# 1, drill hole, which lies about |7 miles west of the
acreage, was 300 +, indicating a rapid thickening of this
in a basinward direction.

group

CHURCHILL RIVER GROUP

CAUITION CREEK FORMATION

The type section of the Caution Creek formation

Is also tound on the Churchill River. The type section was

defined by Nelson to consist of a basal 18 foot bed of main-

ly grey to yellowish grey weathering,

slightly dolomite limestone,

containing shell fragments.

cryptocrystalline,

This




is overlain by an |8 oot bed of grey to brown weathering,
crypto to microcrystalline, slightly dolomitic limestone with
little organic remains. This bed weathers into smooth
layers, whereas, the lower bed weathers into uneven
rubbly beds. The uppermost bed consisis of six feet of
grey, earthly weathering, micro to cryptocrystalline,
slightly dolomitic limestone which has a nhodular appearance
on a weathered surface. The fauna consists of brachio-
pods, corals, and molluscans. The Caution Creek form-
ation apparently does not outcrop on the Nelson River,
but, 't should be present in the subsurface of the subject

acreage.

CHASM CREEK FORMATION

The Chasm Creek formation is found both a-
long the Churchill and Nelson Rivers with the Churchill
sections being the better one. The Chasm is also exposed
at Gods River, some 30 miles south of the acreage. The
Chasm is fairly similar to the underlying Caution Creek
formation and is in conformable contact with it. At the type
section it is about 180 feet thick, The basal 55 feet is a

light yellowish grey to buff, microcrystalline, slightly dolomitic




limestone grading to an iron rich delomite., It is very
resistant and weathers to a yellow and orange massive bed.
This unit is overlain by about 00 feet of light grey, crypto
to microcrystalline, slightly delomitic to dolomitic limestone.
The unit contains abundant fine organic fragmentis. Over-
lying this unit is a 5 to |5 foot thick bed of light grey, crypto-
crystalline, dolomitic limestone which contains no organic
malerial but has fine intercalations of finely fragmented lime-
stone beds. The uppermost unit is ten to 20 feet thick, and
is a light grey weathering, very dolomitic, microcrystalline
unit which is strongly lucoidal. On the Nelson River the
Chasm Creek section is a minimum of 15 feet thick with the
maximum thickness unknown. It Is lithologically similar to
the type section as is the 38 foot thick section found on Gods
River. The Chasm Creek formation contains a fauna com-

prised of corals, cephalopods and some brachiopods.

RED HEAD RAPIDS FORMATION

The Red Head Rapids formation is the uppermost
Ordovician sediment found in this region and tye type section
is located on the Churchill River where it overlies the

Churchill River Group. The formation is a minimum of 42




feet thick with the maximum thickness unknown. Nelson
notes that this formation may be Silurian in age. The
lower 25 feet consist of light yellow, microcrystalline dolo-
rmitic which weathers a distinctive orange color. WNo
fossils are present in this bed. The upper |7 feet is com-
posed of grey to vellowish grey, microcrystalline dolomite,
pariially vuggy, which weathers to a grey color. This
bed is also quite unfossiliferous. The Red Head Rapids
is not present in outcrop on the Nelson, Gods, or Severn
Rivers, but, it should be present in the subsuriace of the

acreage.

SILURIAN

PORT NELSON FORMATION

The type section of the Fort Nelscon formation is
located on the Nelson River some 47 miles west of the
acreage under review. The section exposed is 24 feet
thick and consisis of interbeds of brecciated delomite,
dolomite, and shaly doiomite. The dolomite is generally
a gray micro to cryptocrystalline to occasionally granular

rock with minor porosity. It contains a coral fauna and




is placed in the Middle Silurian. In the James Bay area
a drill hole encountered [I0+ feet of this formation., This
unit should be found at subcrop under the southwestern

portion of the acreage,

SEVERN RIVER FORMATION

The type section of this formation is found on the
Severn River some 0 miles southeast of the acreage.
The minimum thickness at the type section is 42 feet with
the maximum unknown. The section consists of a basal
13 foot light grey, micro to cryptocrystalline limestone with
rare wvuggy porosity, and a suggestion of algal material.
The middle unit consists of 4 feet of light yellowish grey,
to orange buff, micro to finely crystalline algal limestone
with good wvuggy porosity. The upper unit is a 25 foot
thick bed of cream to buff, partly microcrystalline to
finely crystalline, chalky and partly organic limestone. Fine
1o coarse organic debris is present as well as beds of
oclitic material. The Severn River formation appears to
be present near Churchill in similar facies plus the notable
fact that it has a strong bituminous odour from a fresh
break in this area. This formation should also be present

at subcrop under the southwest portion of the acreage.




EKWAN RIVER FORMATION

The type section of this formation is on the Ekwan
River, which is in the James Bay area and lies some 350
miles southeast of the area under consideration. The section
is from 73 to 88 feet thick and consists of grey, fine
grained, partially cherty limestone containing corals and
stromatoporoids. The section on Severn River is a minmum
37 feet thick with the maximum unknown. The basal 20
feet is composed of light medium brown, microcrystalline
limestone with fine to coarse fossil fragments, some chert
nodules and some oolitic material. The f{ossils consist of
stromatoporcids, corals, brachiopods and cephalopods.

Some poor intercrystalline and vuggy porosity is present,
The middle |l feet consists of yellowish brown, micro-
crystalline partially deolomitic, chalky limestone with some

thin fragmental beds and rare brachiopods. The upper 6
feet is a light greyish brown, to creamy, micreocrystalline
limestone which is very highly and coarsely fragmental.

The top section contains poor to good porosity, The Ekwan
River formation is also exposed along the shore of Hudson
Bay from the Mouth of Owl River to a point some 20 miles

south of Cape Churchill. The Ekwan should be ifound to




subcrop along the western and central position of the subject

acreage.

ATTAWAPRPISKAT FORMATION

The type section is located on the Attawapiskat River
which lies some 40 miles south of the Ekwan River type
section in the James Bay area. The formation outcrops
on the Ekwan River, Severn River and along the tidal

flats south from Cape Churchill.

The Ekwan River ouicrop section consists of 54
feet of fine grained, thin bedded, coral reef limestone.
Nelson has described a reefal and possible off reef lacies
for the Attawapiskat formation in general. The reef facies
has a minimum thickness of 25 feet and is a cream, to
orange cream, to buff, microcrystalline, fragmental lime-
stone with corals and stromatoporoids being common.
Porosity grades from tight to excellent and is vuggy.
Nelson feels that some of the well bedded reeis are
suggestive of biostromes, while other oval, domal reefs
are believed to be bioherms. He noted a gassy odour

at one location.




The off-reef lacies is a minimum of 16 feet thick with
uniform beds of cream, to partly yellowish cream, to grey
microcrystalline limestone. There are abundant coarse
granular, bioclastic beds which have excellent intergranular
porosity which could be post reef deposits. The Attawa-
piskat outcrops south of Cape Churchill range in thickness
from 25 to 50 feet in thickness, with both facies present
and they are seen to grade laterally from one to the other.
This formation should be at subcrop through the central

portion of the acreage.

KENOGAM| RIVER FORMATION

The Kenogami River formation which has only been
found in outcrop, in the James Bay represents the youngest
Sllurlan found in the Hudson Bay Basin. The jormation
consists of an alternating series of shale, siltstone, sand-
stone, dolomite, silty dolomite, shaly limestone, and lime-
stone. The colours mainly range from buff to grey, but,
reds and greens are the colours of the clastics. The
outcrop section has a minimum thickness of 300 feet while
a well drilled on Puskwuine Point In James Bay had a

thickness of 862 feet. The Kenogami River formation is




expecied to subcrop along the eastern half of the acreage

under review.

DEVONIAN

Rocks of Devonian age are not expected to be present
under the area covered by the permit, however, they
should be present at subcrop east of the acreage, at and
near the Sogepet-Aquitaine-Kaskatiama # | well where

total depth was reached at 2,94l feet in granite.

CRETACECUS

Rocks of Cretaceous age are know only in the James
Bay area and are not expected to be present under the

permits.




FRACTURE ANALYSIS

This sectlon of the report discusses the resulis of
a Detalled Fracture Analysis Survey carried out on the
area under discussion. An aerial mosaic (scale |.5 inches
equals approximately | mile) made from Dominion Government
aerial photographs accompanles this report. These same
photographs were examined stereoscopically and the ifractures
plotted on the individual photographs, then transferred to

the mosaic for analysis.

The theory that the earth's crust is abundantly and
methodically fractured [s the baslic premise on which is
built the expleration technique known as Fracture Analysis.
A Fracture is defined as''...generally abundant, natural

lineation discernible on aerial photographs'.

Fracturing is largely caused by external stresses

on the surface. The most Important are:
{a) earth tides
(b) radial acceleration of the

earth along its radius wvector.




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

As stated above, the earth is systematically fractured
and the fracture system would approach symmetry if the
crust were homogeneous., It is considered that irregularities
are caused by regional heterogeneous conditions within the
earth's crust. Local departures from the norm are caused

by structural or stratigraphic anomalies,

The term !'photogeophysics! was introduced by
Blanchet (1956) and deals with mapping, analysis and
interpretation of fracture traces as recorded on aerlal
photographs. In a more general way '""photogeophysics'' can
be defined as the methodical statistical analysis of linear
features seen on aerlial photographs and this system is applied
by any method recording all observable lineations, or the
totality of a ceriain 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 s longer than one mile

and a microfracture is shorter than one mile.




CENERAL STATEMENT

ORIGIN OF FRACTURES

Fracturing is largely caused by external stiresses
on the earth, although internal stresses may play some
minor roll, The most important of these exiernal forces
are the diurnal earth tides due to the gravitational eflects
of the sun and moon; the change in radial acceleration
of the earth along its radius vector and the gradual de-
crease in the earth!s rate of rotation. The endless
rhythemic action of these earth tides is probably the princi-
pal cause 6i the systematic fracture system seen over
most of the world, even though the amplitude of these tides
is only 9-13 inches. The fractures are most likely
generated by the process of fatigue as the end result of
these stresses which are repeated reguiarly over millions
and millions of years. Metals fatigue in the same manner

when subjected to continual vibration.

In general the initlating forces which generate

fractures must have continued for a wvery 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 surficial deposits that overlie different
kinds of relatively tlat-lying sedimentary rocks of varying
thickness. The mechanism producing the lineament pattern
must persist over extensive and widespread belts of the
earth's outer shell; that is toeday, 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 forces, and the
most probable of these is isostatic adjustment. Isostatic
rebound following the melting of the glaciers may still be
taking place and this will further accentuate fractures pre-

sent before glaciation.

In general it can be sald 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 simllarity, 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 sedirment
then systematic joints must be successively younger up-
wards through the section and the joint pattern is imposed
on each new layer of sediments when they 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 cbserved in aerial photographs
from every climate and on every continent In the worid.

They are expressed as topographic relief, wvegetation




differences and soil tonal differences.

TOPOGRAPHIC RELIEF LINEAMENTS

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

controlled by a fracture zone.

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 oi northern Saskatchewan, Alberta
or British Columbia. Siraight lines of both deciduous and
evergreen trees as well as scrub growth are unjversally
visible. MHowever, 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 contirol 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
in the southern parts of Alberta and Saskatchewan, especial-

ly near large rivers.

Suriace investigations have shown that
fractures are assoclated with bedrock joints; however, in
glaciated areas such as western Canada, the photoanalyst
must take care to establish the direction of ice flow over an
area before he begins to statistically plot and analyse the
fractures. Most areas in western Canada show an abundance
of grooves and flutes caused by the glacier and these must
not be mistaken for fracture traces caused by subsurface
structural conditions. In parts of the L.loydminster area
of eastern Alberta the glacial scars are so deeply impressed

on the surface that fracture analysis is at best difficult and




often impossible.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis (Photogeophysics)
s to locate shallow to deep-seated structural and strati-
graphic anomalies. The actual count of fractures per
unit area is made and values are contoured on a "Fracture
intensity Map!". In areas of known reefs the fraciure
intensity Is 2-3 times greater on the flanks of the reef

than directly above the reef.

In any fracture pattern there are two main systems
of fractures: the axlal system and the shear system. In
both systems the fractures are sub-parallel and in general
the two systems are at approximate right angles to each

other.

Because of certain inherent limiting factors, Structure
Incidence Surveys have a lower order of reliability than
Detalled Fracture Analysis Surveys. To some extent at

least, suriace conditions affect the fracture count. In areas




covered by lakes, sloughs and rivers, the fracture count
is zero. Cultivated areas generally yield a lower count
than adjacent virgin territory. Conseguently, a difference
or contrast in fracture count (F/l) between two points may
be in part due to structure, but, also due In part to
difierent surface conditions. To some extent, this can be
compensated for by applying appropriate weightings to

the observed counts, but over or under corrections may

result.

Nevertheless, in spite of these sources or error,
it has been demonstrated in (plains) areas where abundant
subsurface control is available, that the incidence of iractur-
ing is considerably above normal in the surrounding area
immediately out from the steepest part of the {lanks of the
structure. This Is In contrast with a low or normal incidence
over the crestal area, and alsc to a normal Incidence oif

structure.




FRACTURE ANALYSIS OF PERMIT
NO. 54

The fracture pattern as shown on the enclosed
mosaic and maps shows a great variation in intensity over
various areas of the Permit. The Fermit is located in
the muskeg area sauth of Hudson Bay and is hundreds of

miles from the closest settilement,

The sedimentary section is probably 2,000 feet
(plus) thick and several systems are represented. In
addition a thin layer of Tertiary glacial till covers nearly
all of the area. Potential reservoir horizons are present

within both the Ordovician and Silurian sections.

Fractures as plotted on the mosaic show consider-
able wvariation in Intensity. There is one area where the
fracture intensity is greater than normal and there is one
area where the fracture intensity is less than normal. The
high intensity area is shown in red and the low intensity
area Is shown in green. The average length of the
fracture is about 4,000 feet and both mega and micro fractures
are present. It is worthy of special note to mention the

glacial problem in this area.




Reference to the mosaic will show that the area
is moderately scarred with glacial grooves and striations
and that the direction of ice flow was about north 30
degrees east. Some of these grooves are so deeply
impressed on the surface that they control the shape of
the lakes and of tree growth in the area. In any area
such as this the photoanalyst is faced with the difficult
problem of eliminating the glacial scars from the fracture
pattern without creating false anomalies. The removal
of all fractures from a 10-12 degree arc in any area
will create fracture anomalies and it reguires delicate

weighting of the whole pattern to adjust for these

effects.

In any fracture pattern there are two main
systems of fractures: the axial system and the shear
system. In both systems the fractures are sub-paraliel
and in general, the two systems are at approximate right
angles to each other. Within Petroleum & Natural Gas
Permit No. 54 the statistical mean direction of the axial
system is north 40 degrees west and the statistical mean
direction of the shear system is north 30 degrees east.

A third minor system, here termed the sub-axial system,

trends nearly north-south.




No regional fractures of great length can be seen
and as these are conceded to originate within the Basement,
it is assumed that all fractures plotted on the mosaic origin-
ate within the sedimentary section. Furthermore, as the
fractures are short for this area it is very likely that they
originate in the upper two-thirds of the sedimentary section,
As the surface of the Permit is relatively flat-lying no
azimuth correction is necessary for this study. It has
been demonstrated that the low incidence anomalies on a
mosaic are considerably larger than the subsurface

feature which causes them.

There is 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 surround-
ing 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.




STRUCTURE

Petroleum and Natural Gas Permit No. 54
is located on the coastal plain on the south shore of
Hudson's Bay about 70 miles north of the edge of the

FPre-Cambrian Shield.

Structural features which could be present and

which could cause the low incidence anomalies mentioned

in this report are discussed in order of probability.

(1) PRE-CAMBRIAN TOPOGRAPHY

Basement topography under Permit
No. 54 is thought to be much the same as it is today
along the north edge of the Shield. I|_ow rounded hills
separated by gentle to abrupt valleys are seen on the
Shield and these features are undoubtedly present under
the subject Permit, The effect of this Basement relief
on the overlying sedimentary rocks is often great. The
Granite Wash sand is usually present in the topographic
Mlows!" on the Basement but absent on the "highs'.

The Granite Wash is an excellent potential reservoir.




Further effecis of Basement lopography
on beds higher than the Granite Wash is the gentle folding
present over Basement hills. These folds are anticlines

in every sense and could from traps for cil and gas.

(2) REEFS
Reefs sirongly affect the fracture pattern
and control the -occur*r‘ence of gas and oil in the overlying
beds. However, only small reefs have been found in
outcrops near the Permit and such small masses as

these probably do not greatly affect the fracture pattern.

(3) TECTONIC FOLDING AND FAULTING

The presence of tectonic folds is very

unlikely, but some normal faulting could be present.

{4) TOPOGRAPHIC REFLIEF ON AN
INTRA-SEDIMENTARY UNCONFORMITY

Unconformity, is a possible source of fracture
intensity anomalies, but within the Permit area it is unlikely
that the relief on any unconformities within the sedimentary

section is great encugh to affect the fracture pattern.




Reference to the Total Fracture Pattern
Map which accompanles this report will show that there
s one area of "high" fracture Intensity, and one area of
Now!" fracture intensity (green). The general inter-
pretation is that the low fracture intensity area is under-
lain by topographic highs on the Basement. With this
established, the deduction is that the Basement is high in

the southwest part of Permit No. 54,

This Basement high feature is most
interesting irom the oll and gas point of view., The
general shape of this feature is such that the causative
feature must be a hill on the Basement suriace. A
fault is unlikely as the causative feature as the high
area Is over one and one-hali 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 absent
on the top of this high fracture area, but will probably

be present along the flanks of this feature.
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Granite Wash sand is probably absent on

the top of this Basement topographic high; but will

probably be present along the flanks oi this feature,
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INTRODUCTION

This report discusses the results of a study of
the General Geology and Stratigraphy and Fracture Analysis
Survey carried out within, and In the immediate vicinity
of, Petroleum and Natural Gas Permit No. 55, Manitoba,
This permit is located between 56° 50 — 57° 0QO!
latitude and 91° 45' - 92° 00' |ongitude. This is in the
Hudson's Bay area of northeast Manitoba approximately
540 air milles north-northwest of Winnipeg., There are
no roads within the area and the use of an aircraft

is required to reach the area.

The stratigraphic discussion is based on Inform-
ation contained in published reports and on the limited

data awvailable from well control,

The Fracture Analysis Survey locates topographic
highs and lows on the Basement surface. Areas of
Basement !"highs'" are of great interest as It is feli that
much reef growth (which is known to be present) is
centered, or at least concentrated, over areas of Base-

ment "highs!",




Areas of Basement "lows!" are of interest as
Granite Wash sands tend to accumulate and attain consider-
able thickness in these "lows't, Reefs and Granite
Wash sands are probably the two principal reservoir

horizons in this area.
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STRATIGRAPHY

The subject acreage, which is located one to 50
miles south of the Hudson Bay shoreline near York
Factory in Manitoba, is primarily covered by muskeg with
numerous small rivers, and streams present. Access to
the area is provided by the Canadian MNational Ralilway
line running into Port Nelson and also by ocean ships to
the same polnt. Subsurface control will be provided by
the Sogepet-Aquitane-Kaskattama # | well when it 1s re-
leased. It is located some 30 miles east of the northeast
corner of the acreage. Recently Houston et al Comeault
Sth Prov. # |, located at about 56° 40' and 90° 52! has
been licenced. This location, which is some 5 miles east
of the acreage, wlll provide additional valuable subsuriface
information about this area. Outcrop Information is ex-~
tremely scarce In this area with only some talus being
noted near York Factory along the north side of the
acreage and along the Kaskattama River, which lies along
the south and east side of the acreage. The main out-
crop data has to be projected into this area from sections

found on the Severn River, which is ll0 miles southeast
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of the acreage. The Nelson River which is approximately
50 miles northwest of the acreage is another outcrop area.
Ordovician rocks are exposed along Gods River, 30 miles
south of the western portion of the area under discussion.
Beds ranging in age from Upper Ordovician to Upper

Sllurian are expecied to be present beneath the land under

review,

ORDOVICIAN

BAD CACHE RAPIDS GROUP

PORTAGE CHUTE FORMATION

The type sectlon of the Portage Chute formation
is located on the Churchill Rlver, 100 miles northwest of the
acreage., OQuicrops are alsc present on the Nelson River
approximately 50 miles west of the area, as well as on
the Sachigo and Severn Rivers which lle to the scuth. The
formation was deflned by Nelson as overlylng peneplaned
FPre-Cambrian rocks, and In turn belng conformably over-
lain by the Surprise Creek formation. The Portage Chute
fermation, which Is 75 feet thick at the type sectlon, con=-
sists of a four foot basal quartz sandstone which Is generally

qulite uniform, tight and calcareous. This sand Is also




present at the other outcrop sections mentioned above. The
sand grades upwards into grey to buff, weathering light
grey, parilally dolomitic, microcrystalline, laminated lime-
stones. Skeletal debris is quite abundant, At the type
section the limestone section Is 71 feet thick. The thickness
of the Portage Chute formation on the MNelson River is
approximately 25 feet, while at the Severn River exposures
It is only about ten feet thick. The formation dips easterly
with an increasing rate of dip as one proceeds basinward
along the outcreop sections. Fossils consist mainly of a
variety of corals and molluscans with some trilobites present.
The |imestone takes on a nodular appearance in weathered

sections.

SURPRISE CREEK FORMATION

The type section of the Surprise Creek formation
was defined by Nelson as being located at Surprise Creek
on the Churchill River. It is also present at the Nelson
River section but not further south. WNelson considered the
Surprise Creek formation as late Ordoviclan in age. The
type sectlon consists of 63 1/2 feet of thinly bedded, light
yellowish grey, micro to cryptocrystalline limestone. It
ranges from slightly dolomitic, to dolomitic, and contains some

lenses of cheri. The Surprise Creek formation is disting-




uished from the wunderlying Portage Chute formation by iis
lack of organic fragments, and by its smooth weathering
characteristics, as opposed to the noduiar weathering of
the Portage Chute formation. The exposures at Nelson
River are poor and not easily correlated with the type
section, but, they appear to be lithologically similar to
the type section. The thickness is a minimum 30 feet
and the tfauna is composed mainly of brachiopods. The
combined thickness of the Surprise Creek formation

and Portage Chute formation at the Selco-Pennycutaway
# 1, drill hole, which lies about |17 miles west of the
acreage, was 300 +, Indicating a rapid thickening of this

group in a basinward direction.

CHURCHILL RIVER GROUP

CALITION CREEK FORMATION

The type section of the Caution Creek formation
is also tound on the Churchill River., The type section was
defined by Nelson to consist of a basal 18 foot bed of main-
ly grey to yellowish grey weathering, cryptocrystalline,

slightly dolomite limestone, containing shell fragments. This




is overlain by an 18 foot bed of grey to brown weathering,
crypto to microcrystalline, slightly dolomitic limestone with
little organic remains. This bed weathers into smooth
layers, whereas, the lower bed weathers Into uneven
rubbly beds. The uppermost bed consists of six feet of
grey, earthly weathering, micro to cryptocrystalline,
slightly dolomitic limestone which has a nodular appearance
on a weathered surface. The fauna consisis of brachio-
pods, corals, and molluscans. The Caution Creek form-
ation apparently does not outcrop on the Nelson River,
but, Tt should be present in the subsuriace of the subject

acreage.

CHASM CREEK FORMATION

The Chasm Creek formation is found both a-
long the Churchill and Nelson Rivers with the Churchill
sections being the better one. The Chasm is also exposed
at Gods River, some 30 miles south of the acreage, The
Chasm is fairly similar to the underlying Caution Creek
formation and is in conformable contact with [{. At the type
section it Is about 180 feet thick. The basal 55 feet is a

light yellowish grey to buff, microcrystalline, slightly dolomitic




limestone grading to an iron rich dolomite. It is very
resistant and weathers to a yellow and orange massive bed.
This unit s overlain by about 100 feet of light grey, crypto
to microcrystalline, slightly dolomitic to dolomitic limestone.
The unit contains abundant fine organic fragments. QOver-
lying this unit is a 5 to |5 foot thick bed of light grey, crypto-
crystalline, dolomitic limestone which contains no organic
material but has fine intercalations of finely fragmented lime-
stone beds. The uppermost unit Is ten to 20 feet thick, and
is a light grey weathering, very dolomitic, mlcrocrystalline
unit which is strongly fucocidal. On the Nelson River the
Chasm Creek section is a minimum of |5 feet thick with the
maximum thickness unknown. It is lithclogically similar to
the type sectlon as is the 38 foot thick section found on Gods
River. The Chasm Creek formation contains a fauna com-

prised of corals, cephalopods and some brachiopods.

RED HEAD RAPRPIDS FORMATION

The Red Head Rapids formation is the uppermost
Ordovician sediment found in this region and tye type section
is located on the Churchill River where it overlies the

Churchill River Group. The formation is a minimum of 42




feet thick with the maximum thickness unknown. Nelson
notes that this formation may be Silurian in age. The
lower 25 feet consist of light yellow, microcrystalline dolo-
mitic which weathers a distinctive orange color. No
fossils are present in this bed. The upper |7 feet is com-
posed of grey to vellowish grey, micreocrystalline dolomite,
partially vuggy, which weathers to a grey color. This
bed is alse quite unfossiliferous. The Red Head Rapids
is not present in outcrop on the Nelson, Gods, or Severn
Rivers, but, it should be present in the subsurface of the

acreage.

SILURIAN

PORT NELSON FORMATION

The type section of the Port Nelson formation is
located on the Nelson River some 47 miles west of the
acreage under review. The section exposed is 24 feet
thick and consists of interbeds of brecciated dolomite,
dolomite, and shaly dolomite. The dolomite is generally
a gray micro o crypiocrystalline to occasionally granular

rock with minor porosity. It contains a coral fauna and




is placed in the Middle Silurian, I[n the James Bay area
a drill hole encountered |10+ feet of this formation., This
unit should be found at subcrop under the southwestern

pertion of the acreage.,

SEVERN RIVER FORMATION

The type section of this formation is found on the
Severn River some |I0 miles southeast of the acreage.
The minimum thickness at the type section is 42 feet with
the maximum unknown. The section consisis of a basal
I3 foot light grey, micro to cryptocrystalline limestone with
rare vuggy porosity, and a suggestion of algal material.
The middle unit consists of 4 feet of light yellowish grey,
to orange buff, micro to finely crystalline algal limestone
with good vuggy porosity. The upper unit is a 25 foot
thick bed of cream to buff, partly microcrystalline to
finely crystalline, chalky and partly organic limestone. Fine
to coarse organic debris is present as well as beds of
oolitic material. The Severn River formation appears to
be present near Churchill in similar facies plus the notable
fact that it has a strong bituminous odour from a fresh
break in this area. This formation should also be present

at subcrop under the southwest portion of the acreage.
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EKWAN RIVER FORMATION

The type section of this formation is on the Ekwan
River, which Is in the James Bay area and lies some 350
miles southeast of the area under consideration. The section
is from 73 to 88 feet thick and consists of grey, fine
grained, partially cheriy limestone containing corals and
stromatoporeids. The section on Severn River is a minmum
37 feet thick with the maximum unknown. The basal 20
feet is composed of light medium brown, microcrystalline
limestone with fine to coarse fossil fragments, some chert
nodules and some oolitic material. The fossils consist of
stromatoporoids, corals, brachiopods and cephalopods.
Some poor intercrystalline and vuggy porosity Is present.
The middle il feet consists of yellowish brown, micro-
crystalline partially dolomitic, chalky limestone with some
thin fragmental beds and rare brachiopods. The upper 6
feet is a light greyish brown, to creamy, microcrystalline
limestone which is wvery highly and coarsely fragmental.

The top section contains poor to good porosity. The Ekwan
River formation is also exposed along the shore of Hudson
Bay from the Mouth of Owl River to a point some 20 miles

south of Cape Churchill. The Ekwan should be found to




subcrop along the western and central position of the subject

acreage.

ATTAWAPISKAT FORMATION

The iype section is located on the Attawapiskat River
which lies some 40 miles south of the Ekwan River type
section In the James Bay area, The formation outcrops
on the Ekwan River, Severn River and along the tidal

flats south from Cape Churchill.

The Ekwan River outcrop section consists of 54
feet of fine grained, thin bedded, coral reef limestone.
Nelson has described a reefal and possible oft reef facies
for the Attawapiskat formation in general. The reef iacies
has a minimum thickness of 25 feet and is a cream, to
orange cream, to buff, microcrystalline, fragmental lime-
stone with corals and stromatopeoroids being common.
Porosity grades from tight to excellent and is vuggy.
Nelson feels that some of the well bedded reefs are
suggestive of biostromes, while other owval, domal reefs
are believed 1o be bioherms. He noted a gassy odour

at one location.




The off-reef facies is a minimum of 16 feet thick with
uniform beds of cream, to partly yellowish cream, to grey
microcrystalline limestone, There are abundant coarse
granular, bioclastic beds which have excellent intergranular
porosity which could be post reei deposits. The Atlawa-
piskat outcrops south of Cape Churchill range in thickness
from 25 to 50 feet in thickness, with both facies present
and they are seen to grade laterally from one to the other.
This formation should be at subcrop through the central

portion of the acreage.

KENOGAMI RIVER FORMATION

The Kenogami River formation which has only been
found in outcrep, in the James Bay represents the youngest
Silurian found in the Hudson Bay Basin. The formation
consists of an alternating series of shale, siltstone, sand-
stone, dolomite, silty doloemite, shaly limestone, and lime-
stone., The colours mainly range from buff to grey, but,
reds and greens are the colours of the clastics. The
outcrop section has a minimum thickness of 300 feet while
a well drilled on FPuskwuine Polnt in James Bay had a

thickness of 862 feet. The Kenogami River formation is




expected to subcrop along the eastern half of the acreage

under review,

DENVONIAMN

Rocks of Devonian age are not expected to be present
under the area covered by the permit, however, they
should be present at subcrop east of the acreage, at and
near the Sogepet-Aquitaine~-iKaskattama # | well where

total depth was reached at 2,94] feet in granite.

CRETACEOUS

Rocks of Cretaceous age are know only in the James
Bay area and are not expected to be present under the

permits.




FRACTURE ANALYSIS

This section of the report discusses the results of
a Detailed Fracture Analysis Survey carried out on the
area under discussion. An aerial mosaic (scale 1.5 inches
equals approximately | mile) made from Dominion Government

aerial photographs accompanies this report. These same

photographs were examined stereoscopically and the fractures

plotted on the individual photographs, then transferred to

the mosaic for analysis.

The theory that the earth!s crust is abundantly and
methodically fractured is the basic premise on which is
built the exploration technigue known as Fracture Analysis.
A Fracture is defined as",..generally abundant, natural

lineation discernible on aerial photographs!.

Fracturing is largely caused by external stresses

on the surface. 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 stated above, the earth Is systematically fractured
and the fracture system would approach symmetry if the
crust were homogeneous. It is considered that irregularities
are caused by regional heterogeneous conditions within the
eartih's crust. Local departures from the norm are caused

by structural or stratigraphic anomalies.

The term !"photogeophysics! was introduced by
Blanchet (1956) and deals with mapping, analysis and
interpretation of fracture traces as recorded on aerial
photographs. In a more general way !'photogeophysics! can
be defined as the methodical statistical analysis of linear
features seen on aerlal photographs and this system is applied
by any method recording all observable lineations, or the
totality of a certain type of linear feature, and the statistical
presentation of the data on contoured Tntensity 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.




GENERAL STATEMENT

ORIGIN OF FRACTURES

Fracturing is largely caused by external stresses
on the earth, although Internal stresses may play some
miner roll. The most important of these external forces
are the diurnal earth tides due to the gravitational eiffects
of the sun and moon; the change in radial acceleration
of the earth along its radius vector and the gradual de-
crease in the earth's rate of rotation. The endless
rhythemic action of these earth tides is probably the princi-
pal cause of the systematic fracture system seen over
most of the world, even though the amplitude of these tides
is only 9-13 inches. The f{ractures 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.

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 suriace must be reasonably simple, for simple
patterns are produced on diverse topography and in diverse
types and depths of suriicial deposits that overlie different
kinds of relatively flat-lying sedimentary rocks of varying
thickness. The mechanism producing 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 forces, and the
most probable of these is isostatic adjustment. Isostatic
rebound following the melting of the glaciers may still be
taking place and this will further accentuate fractures pre-—

sent 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 iracture
patterns due to external forces and tectonicaily 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 up-
wards through the section and the joint pattern is Imposed
on each new layer of sediments when they 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 photographs
from every climate and on every continent in the world.

They are expressed as topographic reliel, wvegetation




differences and soil tonal differences.

TOPOSGRAPHIC RELIERF LINEAMENTS

A common type are relief lineaments which
can be manifested by a change (usually abrupt) of topo-
graphic elevation on eijther 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.

VEGETAL. LINEAMENTS

VVegetal lineaments are the most common in
the parkiand and muskeg areas of western Canada and
many excellent examples of fractures can be seen on almost
any aerial photograph of northern Saskatchewan, Alberia
or British Columbia. Straight lines of both deciduous and
evergreen trees as well as scrub growth are universally
visible, HMHowever, the most common vegetal lineament seen
by this writer is a straight 'edge! to a clump of irees or

bushes. In many cases these fractures control the size and




shape of cultivated fields. Excellent examples of this latter
expression of iractures are present in the western part of

the Peace River district.

SOIL _TONAL. LINEAMENTS

These reflect differentiation in soil molsture
and general ground water conditions. These are common
in the southern parts of Alberta and Saskatchewan, especial-

ly near large rivers.

Surface investigations have shown that
fractures are assoclated with bedrock joints; however, in
glaciated areas such as western Canada, the photoanalyst
must take care to establish the direction of ice flow over an
area before he begins to statistically plot and analyse the
fractures. Most areas In western Canada show an abundance
of grooves and flutes caused by the glacier and these must
not be mistaken for fracture traces caused by subsurface
structural conditions. In parts of the L.loydminster area
of eastern Alberta the glacial scars are so deeply impressed

on the surface that fracture analysis is at best difficult and




often impossible.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis (Photogeophysics)
is to locate shallow to deep-seated structural and strati-
graphic anomalies., The actual count of iractures per
unit area Is made and values are contoured on a !"Fracture
Intensity Map''. In areas of known reefs the fracture
intensity is 2-3 times greater on the flanks of the reei

than directly above the reef,

in any fracture pattern there are two main systems
of fractures: the axial system and the shear system. In
both sysiems the fractures are sub-parallel and in general
the two systems are at approximate right angles to each

other.

Because of certain inherent [imiting factors, Structure
Incidence Surveys have a lower order of rellability than
Detailed Fracture Analysis Surveys. To some extent at

least, surface conditions affect the fracture count. In areas




covered by lakes, sloughs and rivers, the fracture count
is zero. Cultivated areas generally yield a lower count
than adjacent virgin territory. Consequently, a difference
or contrast in fracture count {F/l) between two points may
be in part due to structure, but, also due in part to
ditferent surface conditions, To some extent, this can be
compensated for by applying appropriate weightings to

the observed counts, but over or under corrections may

result.

Nevertheless, in spite of these sources or error,
it has been demonstrated in {plains) areas where abundant
subsurface control is available, that the incidence of fractur-
ing is considerably_above normal in the surrounding area
immediately out from the steepest part of the flanks of the
structure. This is In contrast with a low or normal incidence
over the cresial area, and also to a normal incidence off

structure.




FRACTUR:E ANALYSIS OF P=RMIT
NO. 55

The fracture pattern as shown on the enclosed
mosaic and maps shows a great variation in intensity
over various areas of the Permit. The Permit is
located in the muskeg area along the south shore of
Hudson Bay and is hundreds of miles from the

closest settlement.

The sedimentary section is about 2,000 feet
{plus} thick and several systems are represented.
In addition a thin layer of Tertiary glacial till covers
nearly all of the area. Potential reservoir horizons
are present within both the Ordovician and Silurian

sections.

Fractures as plotted on the mosaic show
considerable wvariation in intensity., There are two
areas where the fracture intensity is greater than

normal and there is one area where the fracture

intensity is less than normai. The high intensity areas




are shown in red and the low intensity areas
are shown in green. The average length of the
fractures is about 4,000 feet and both mega and
micro fractures are present. It is worthy of
special note to mention the glacial problem in this

ared.

Reference to the mqsaic will show that the
area is moderately scarred with glacial grooves
and striations and that the direction of ice flow was
about north 20 degrees east. Some of these grooves
are so deeply impressed on the surface that they
control the shape of the lakes and of tree growth
in the area. In any area such as this the photo-
analyst is faced with the difficult problem of elimin-
ating the glacial scars from the fracture pattern
without creating false anomalies. The removal of
all fractures from a |0 - |12 degree arc in any
area will create fracture anomalies and it requires
-delicate weighting on the whole pattern to adjust

for these effects.




In any fracture pattern there are two main
systems of fractures: the axial system and the
shear system. In both systems the fractures are
sub-parallel and in general, the two systems are
at approximate right angles to each other. Within
Petroleum & Natural Gas Permit No. 55 the
statistical mean direction of the axial system is north
40 degrees west and the statistical mean direction
of the shear sysiem is north 30 degrees east. A
third minor system, here termed the sub-axial

system, trends nearly north-south.

No regional fractures of great length can be
seen and as these are conceded to originate within
the Basement, it is assumed that all fractures plotted
on the mosaic originate within the sedimentary section.
Furthermore, as the fractures are short for this area
it is very likely that they originate in the upper two-
thirds of the sedimentary section. As the suriace
of the Permit is relatively flat-lying no azimuth
correction is necessary for this study. It has been
demonstrated that the low incidence anomalies on a

mosaic are considerably larger than the subsurface




feature which causes them,

There is 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 bave 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. 55 is
located on the coastal plain on the south shore of
Hudsorn Bay about 70 miles north of the edge of the

Pre-Cambrian Shield.

Structural features which could be present and

which could cause the low incidence anomalies mentioned

in this report are discussed in order of probability.

(1} PRE-CAMBRIAN TOPOGRAPHY

Basement topography under Permit
No. 55 is thought to be much the same as it is today
along the north.edge of the Shield. Low rounded hills
separated by gentle to abrupt valleys are seen on the
Shield and these features are undoubtedly present
under the subject Permits. The effect of this Base-
ment relief on the overlying 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 is an excellent

poteniial reservoir.




F urther effects of Basement topo-
graphy on beds higher than the Granite Wash is the
gentle folding present over Basement hills. These
folds are anticlines in every sense and could from

traps for oil and gas.

(2) REEFS
Reefs strongly affect the fracture
pattern and control the occurrence of gas and olil in
the overlying beds. However, only small reefs
have been found In outcrops near the Permit and
such small masses as these probably do not greatly

affect the fracture pattern.

(3) TECTONIC FOLDING AND FALUL TING

The presence of tectonic folds is very

unlikely, but some normal faulting couid be present.

(4) TOPOGRAPHIC RELIEF ON AN
INTRA - SERIMENTARY UNCONFORMITY

LUlnconformity, is a possible source of
fracture intensity anomalies, but within the Permit area it

is unlikely that the relief on any unconformities within the
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sedimentary section is great encough tco affect the

fracture pattern,

Reference to the Total Fracture Fattern Map
which accompanies this report will show that there
are two areas of ''"high" fracture intensity, and one
area of "low" fracture intensity. The general inter-
pretation is that the "low" fracture intensity areas
are underlain by topographic highs on the Basement.
With this established, the deduction is that the Base-
ment is low .in the area shown in red on the map.
There is one area of "high! Basement topography

on the Permit,

These Basement high features where present
are most interesting from the oil and gas point of
view, A fault is unlikely as the causative feature
for this high area as the high is over one and one-
hali miles in width. If a fault caused the fracture
Mow! the width of the low would be about one mile

or less,
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Granite Wash sand is probably absent on
the top of this Basement topographic high; but will

probably be present along the flanks of this feature,

Respectfully gubﬁ;-ﬁt‘_é‘d' by:
s T

\

A

R -
— -
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. . /j,,:-;r/
WIL.LIAM G. -CROOK
Photoanalyst, P. Geol.
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Granite Wash sand is probably absent on

the top of this Basement topographic high; but will

probably be present along the flanks of this feature.
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Granite Wash sand is probably absent on
the top of this high fracture area; but will probably
be present along the flanks of this feature. As there

are no Basement "high" areas within the Permit the

whole of the '""mormal" area has potential for Granite

Wash sand.
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sedimentary section is great enough to affect the

fracture pattern,

Reference to the Total Fracture Pattern Map

which accompanies this report will show that there

P
are two areas of "high'' fracture intensity, but no 'f?"(

areas of "low!" fracture intensity. 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 low in the areas shown in

red on the map. There are no areas of 'high!

Basement topography on the Permit.

These Basement high features where present
are most interesting from the oil and gas point of
view. A fault is unlikely as the causative feature
for these high areas if the highis over one and one-
If a fault caused the fracture

hali miles in width.

Mow!! the width of the low would be about one mile

or less.

R R



feature which causes them.

There are no areas onthe mosaic where
the fractures are less intense ti’\én the surrounding
area. Some fractures are always present within
these areas but they usually have & lower incidence
-than the surrounding area. These low intensity
areas are important and it is quite likely that they
are due to some subsuriace feature., The type
of feature will be discussed in the next section of

this report.




are shown in red and the normal intensity area
is shown in yellow. The average length of the
fractures is about 4,000 feet and both mega and
micro fractures are present. It is worthy of
special note to mention the glacial problem in this

area.

Reference to the mosaic will show that the
area is moderately scarred with glacial grooves
and striations and that the direction of ice flow was
about north 20 degrees east. Some of these grooves
are so deeply impressed on the surface that they
control the shape of the lakes and of tree growth
in the area. In any area such as this the photo-
analyst is faced with the difficult problem of elimin-

ating the glacial scars from the fracture pattern

without creating false anomalies. The removal of
all fractures from a 10 - 12 degree arc in any area
will create fracture ancmalies and it requires delicate

weighting on the whole pattern to adjust for these

effects.




FRACTURE ANALYSIS OF PERMIT
NO. 55

The fracture pattern as shown on the enclosed
mosaic and maps shows a great variation in intensity
over various areas oi the Permit. The Fermit is
located in the muskeg area along the south shore of
Hudson Bay and is hundreds of miles from the

closest seitlement.

The sedimentary section is about 2,000 feet
{plus) thick and several systems are represented.
In addition a thin layer of Tertiary glacial till covers
nearly all of the area. Potential reservoir horizons
are present within boih the Ordovician and Silurian

sections.,

Fractures as plotied on the mosaic show
considerable wvariation in intensity. There are two
areas where the fracture intensity is greater than
normal but there are no areas where the fracture

intensity is less than normal, The high intensity areas
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INTRODLUCTION

This report discusses the results of a study of
the General Geology, Stratigraphy and Fracture Analysis
Survey carrled out within, and in the immediate vicinity
of, Petroleum and Natural Gas Permit No. 56, Manitoba,.
This permit Is iocated between 56° 50! - 57° oQ!
latitude and 92° 00! - 92° |5! |longitude. This is in the
Hudson's Bay area of northeast Manitoba approximately
540 air miles north-northwest of Winnlpeg. There are
no roads within the area and the use of an aircraft

Is required ito reach the area.

The stratigraphic discusslion is based on inform-
ation contalned In published reports and on the Ilimited

data avallable from well control.

The Fracture Analysls Survey locates topographic
highs and lows on the Basement suriace. Areas of
Basement "highs! are of great interest as It Is felt that
much reef growth (which is known to be present) is
centered, or at least concentrated, over areas of

Basement '"highs!l.

ERR
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Areas of Basement lows!! are of interest as
Granite Wash sands tend to accumulate and attain consider-
able thickness in these !"lows', Reefs and Granite
Wash sands are probably the two principal reservoir

horizons in this area.
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STRATIGRAPHY

The subject acreage, which is located one to 50
miles south of the Hudson Bay shoreline near York
Factory in Manitoba, is primarily covered by muskeg with
numerous smal! rivers, and streams present. Access to
the area Is provided by the Canadian National Railway

line running into Port Nelson and also by ocean ships to

the same point. Subsurface control will be provided by
the Sogepet-Aquitane-KKaskatiama # | well when it is re-
leased. It is located some 30 miles east of the noriheast
corner of the acreage. Recently Houston et al Comeault
Sth Prov. # |, located at aboui 56° 40! and 90° 52! has
been licenced. This location, which is some 5 miles east
ol the acreage, will provide additional valuable subsurface

Information about this area. Qutcrop informationis ex-—

tremely scarce in this area with only some talus being
noted near York Factory along the north side of the
acreage and along the Kaskattama River, which lies along
the south and east side of the acreage. The maln out-
crop data has to be projected into this area from sections

found on the Severn River, which is II0 miles southeast
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of the acreage. The Nelson River which is approximately
50 miles northwest of the acreage is another outcrop area.
Ordovician rocks are exposed along Gods River, 30 miles
south of the western portion of the area under discussion.
Beds ranging in age from Upper Ordovician to Upper

Silurian are expected to be present beneath the land under

review,

ORDOVICIAN

BAD CACHE RAPIDS GROUPRP

PORTAGE CHUTE FORMATION

The type section of the Portage Chute formation
is located on the Churchill River, 100 miles northwest of the
acreage. QOutcrops are also present on the Nelson River
approximately 50 miles west of the area, as well as on
the Sachige and Severn Rivers which lie to the south. The
formation was defined by Nelson as overlying peneplaned
Pre-Cambrian rocks, and in turn belng conformably over-
lain by the Surprise Creek formation. The Portage Chute
formation, which is 75 feet thick at the type section, con-
sists of a four foot basal quariz sandstone which is generally

quite uniform, tight and calcareous. This sand is also




present at the other ouicrop sections menticned above. The
sand grades upwards into grey to buff, weathering light
grey, pariially dolomitic, microcrystalline, laminated lime-
stones. Skeletal debris is quite abundant. At the type
section the limestone section is 71 feet thick. The thickness
of the Portage Chute formation on the Nelson River is
approximately 25 feet, whlile at the Severn River exposures
It is only about ten feet thick. The formation dips easterly
with an ncreasing rate of dip as one proceeds basinward
along the ocutcrop sections. Fossils consist mainly of a
variety of corals and molluscans with some trilobites present.
The |limestone takes on a nodular appearance in weathered

sections.,

SURPRISE CREEK FORMATION

The type section of the Surprise Creek formation
was defined by MNelson as being located at Surprise Creek
on the Churchill River. It is also present at the Nelson
River section but not further south. Nelson considered the
Surprise Creek formation as late Ordoviclan in age. The
type section consisis of 63 I/2 feet of thinly bedded, light
yvellowish grey, micro to cryptocrystalline limestone. It
ranges from slightly dolomitic, to delomitic, and contains some

lenses of chert. The Surprise Creek formation is disting-




uished from the underlying Portage Chute formation by its
lack of organic fragments, and by its smooth weathering
characteristics, as opposed to the nodular weathering of
the Portage Chute formation. The exposures at Nelson
River are poor and not easily correlated with the type
section, but, they appear toc be lithologically similar'- to
the 1ype section. The thickness is a minimum 30 feet
and the fauna is composed mainly of brachiopods. The
combined thickness of the Surprise Creek formation

and Portage Chute formation at the Selco-Pennycutaway
# 1, drill hole, which lies about |17 miles west of the
acreage, was 300 +, indicating a rapid thickening of this

group in a basinward direction.

CHURCHIL.L. RIVER GROUF

CAUTION CREEK FORMATION

The type section of the Caution Creek formation
Is also found on the Churchili River. The type section was
defined by Nelson te consist of a basal 18 foot bed of main-
ly grey to yellowish grey weathering, cryptocrystaliine,

slightly dolomite limestone, containing shell fragments. This




is overlain by an |B foot bed of grey to brown weathering,
crypto to microcrystalline, slightly dolomitic limestone with
little organic remains. This bed weathers intc smooth
layers, whereas, the lower bed weathers Into uneven
rubbly beds. The uppermost bed consists of six feet of
grey, earthly weathering, micro to cryptocrystalline,
slightly dolomitic limestone which has a nodular appearance
on a weathered surface. The fauna consists of brachio-
pods, corals, and molluscans. The Caution Creek form-
ation apparently does not outcrop on the Nelson River,
but, It should be present In the subsurface of the subject

acreage.

CHASM CREEK FORMATION

The Chasm Creek formation Is found both a-
long the Churchill and Nelson Rivers with the Churchill
sections being the better one. The Chasm is also exposed
at Gods River, some 30 miles south of the acreage. The
Chasm is fairly similar to the underlying Caution Creek
formation and is in conformable contact with it. At the type
section it is about 180 feet thick. The basal 55 feet is a

light yellowish grey to buff, microcrystalline, slightly dolomitic




limestone grading to an iron rich dolomite. It is very
resistant and weathers to a vyetlow and orange massive bed,
This unlt is overiain by about |00 feet of light grey, crypto
to microcrystalline, slightly dolomitic to dolomitic limestone.
The unit contains abundant fine organic fragments. Over-
lying this unit is a 5 to 15 foot thick bed of light grey, crypto-
crystalline, dolomitic limestone which contains no organic
material but has fine intercalations of finely fragmented lime-
stone beds. The uppermost unit is ten to 20 feet thick, and
is a light grey weathering, very dolomitic, microcrystalline
unit which is strongly fucoidal. On the MNelson River the
Chasm Creek section is a minimum of 15 feet thick with the
maximum thickness unknown. It is lithologically similar to
the type section as is the 38 foot thick section found on Gods
River. The Chasm Creek formation contains a fauna com-

prised of corals, cephalopods and some brachiopods.

RED HEAD RARPIDS FORMATION

The Red Head Rapids formaition is the uppermost
Ordovician sediment found in this region and tye type section
is located on the Churchill River where it overlies the

Churchill River Group. The formation is a minimum of 42




feet thick with the maximum thickness unknown. Nelson
neotes that this formation may be Silurian in age. The
lower 25 feet consist ol light yellow, microcrystalline dolo-
mitic which weathers a distinctive orange color., No
fossils are present in this bed. The upper 7 feet is com-
posed of grey to yellowish grey, microcrystalline dolomite,
partially vuggy, which weathers to a grey color. This
bed is also quite unfossiliferous. The Red Head Rapids
is not present in outcrop on the Nelson, Gods, or Severn
Rivers, but, it should be present in the subsurface of the

acreage.

SILLURIAN

PORT NELSON FORMATION

The type section of the FPort Nelson formation is
located on the MNelson River some 47 miles west of the
acreage under review. The section exposed is 24 feet
thick and consists of interbeds of brecciated delomite,
dolomite, and shaly dolomite. The dolomite is generally
a gray micro to cryptocrystalline to occasionally granular

rock with minor porosity. [t contains a coral fauna and




is placed in the Middle Silurian. In the James Bay area
a drill hele encountered 10+ feet of this formation, This
unit should be found at subcrop under the southwestern

portion of the acreage.

SEVERN RIVER FORMATION

The type section of this formation is found on the
Severn River some |0 miles southeast of the acreage.
The minimum thickness at the type section is 42 feet with
the maximum unknown, The section consists of a basal
I3 foot light grey, micro to cryptocrystalline limestone with
rare wvuggy porosity, and a suggestion of algal material.
The middle unit consists of 4 feet of light yellowish grey,
to orange buff, micro to finely crystalline algal limestone
with good wvuggy porosity. The upper unit is a 25 foot
thick bed of cream to buff, partly microcrystalline to
finely crystalline, chalky and partly organic limestone. Fine
to coarse organic debris is present as well as beds of
oolitic material. The Severn River formation appears to
be present near Churchill in similar facies plus the notable
fact that it has a strong bituminous odour from a f[resh

break in this area. This formation should also be present

at subcrop under the southwest portion of the acreage.




EKWAN RIVER FORMATION

The type section of this formation is on the Ekwan
River, which Is in the James Bay area and lies some 350
miles southeast of the area under consideration. The section
is from 73 to BB ieet thick and consists of grey, fine
grained, partially cherty |imestone containing corals and
stromatoporoids. The section on Severn River is a minmum
37 feet thick with the maximum unknown. The basal 20
feet is composed of light medium brown, microcrystaliine
limestone with fine to coarse fossil fragments, some chert
nodules and some oolitic material. The fossils consist of
stromatoporoids, corals, brachiopods and cephalopods.

Some poor Intercrystalline and vuggy porosity is present.
The middle |l feet consists of yellowish brown, micro-
crystalline partially dolomitic, chalky limestone with some
thin fragmental beds and rare brachiopeods. The upper 6
feet is a light greyish brown, to creamy, microcrysialline
limestone which is very highly and coarsely fragmental.

The top section contains poor to good porosity. The Ekwan
River formation is also exposed along the shore of Hudson
Bay from the Mouth of Owl River te a point some 20 miles

south of Cape Churchill., The Ekwan should be found to




subcrop along the western and central position of the subject

acreage.

ATTAWAPISKAT FORMATION

The type section is located on the Attawapiskat River
which lies some 40 miles south of the Ekwan River type
section in the James Bay area. The formation outcrops
on the Ekwan River, Severn River and along the tidal

flats south from Cape Churchill.

The Ekwan River outcrop section consists of 54
feet of fine grained, thin bedded, coral reef limestone.
Nelson has described a reefal and possible off reef facles
for the Attawapiskat formation in general, The reef facies
has a minimum thickness of 25 feet and is a cream, to
orange cream, to bufi, microcrystalline, fragmental iime-
stone with corals and stromatoporoids being common.
Porosity grades from tight to excellent and is vuggy.
Nelson feels that some of the well bedded reefs are
suggestive of biostromes, while other oval, domal reefs
are believed to be bicherms. He noted a gassy odour

at one location.




The off-reef facies is a minimum of 16 feet thick with
uniform beds of cream, to partly yellowish cream, to grey
microcrystalline limestone. There are abundant coarse
granular, bloclastic beds which have excellent intergranular
porosity which could be post reef deposits. The Attawa-
piskat outcrops south of Cape Churchill range In thickness
from 25 to 50 feet in thickness, with both facies present
and they are seen to grade laterally from one to the other.
This formation should be at subcrop through the central

portion of the acreage.

KENOGAMI RIVER FORMATION

The Kenogami River formation which has only been
found in outcrep, in the James Bay represenis the youngest
Silurian found in the Hudson Bay Basin. The formation
conslists of an alternating series of shale, siltstone, sand-
stone, dolomite, slilty dolomite, shaly limestone, and lime-
stone, The colours mainly range from buff to grey, but,
reds and greens are the colours of the clastics. The
cutcrop section has a minimum thickness of 300 feet while
a well drilled on Puskwuine Point In James Bay had a

thickness of 862 feet. The Kenogami River formaiion is




expected to subcrop along the eastern half of the acreage

under review,

DEVONIAN

Rocks of Devonlan age are not expected to be present
under the area covered by the permit, however, they
should be present at subcrop east oi the acreage, at and
near the Sogepet-Aquitaine-Kaskattama # | well where

total depth was reached at 2,941 feet in granite.

CRETACEOUS

Rocks of Cretaceous age are know only in the James
Bay area and are not expected to be present under the

permits.




FRACTURE ANALYSIS

This section of the report discusses the results of
a Detailed Fracture Analysis Survey carried out on the
area under discussion. An aerial mosaic (scale |.5 inches
equals approximately | mile} made from Dominion Government
aerial photographs accompanies this report, These same
photographs were examined stereoscopically and the fractures
plotted on the individual photographs, then transferred to

the mosaic for analysis.

The theory that the earth's crust Is abundantly and
methodically fractured is the basic premise on which Is
built the exploration technique known as Fracture Analysis.
A Fracture is defined as"...generally abundant, natural

lineation discernible on aerial photographs!.

Fracturing is largely caused by external stresses

on the surface. 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 stated above, the earth is systematically fractured
and the fracture system would approach symmetry if the
crust were homogeneocus. It Is considered thal irregularities
are caused by regional heterogeneous conditions within the
earth's crust. L.ocal departures from the norm are caused

by structural or stratigraphic anomalles,

The term !phetogeophysics! was Introduced by
Blanchet (1956) and deals with mapping, analyslis and
interpretation of fracture traces as recorded on aerial
photographs. In a more general way !'"photogeophysics' can
be defined as the methodical statistical analysis of linear
features seen on aerial photographs and this system is applied
by any method recording all obserwvable lineatlons, 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.




GENERAL STATEMENT

ORIGIN OF FRACTURES

Fracturing is largely caused by external siresses
on the earth, although Internal stresses may play some
mlinor roll. The most important of these external forces
are the diurnal earth tides due to the graviiational effects
of the sun and moon; the change in radial acceleration
of the earih along its radius vector and the gradual de-
crease In the earth!'s rate of rotation. The endless
rhythemic action of these earth tides is probably the princi-
pal cause of the systematic fracture system seen over
most of the world, even though the amplitude of these tides
is only 9-13 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.

In general the Initiating forces which generate

fractures must have continued for a wvery long time and
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the process involved are continuous and are probably

active at the present time. Furthermore, Mollard (1957)
slates, "The mechanism required to reflect lineaments to
ground surface must be reasonably simple, for simpie
patterns are produced on diverse topography and in diverse
types and depths of suriicial deposits that overlie different
kinds of relatively flat-lying sedimentary rocks of varying
thickness. The mechanism producing the lineament pattern
must persist over extensive and widespread belts of the
earth's outer sheil; 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 tecionic forces, and the
most probable of these Is isostatic adjustment. Isostatic
rebound following the melting of the glaciers may still be
taking place and this will further accentuate fractures pre-—

sent 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 focrces 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 up-
wards through the section and the joint pattern is imposed
on each new layer of sediments when they 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 photographs
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 elther 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.

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 aimost
any aerial photograph of northern 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 Y"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 PFeace River district.

SOOI TONAL. LINEAMENTS

These reflect differentiation in soil moisture
and general ground water conditions, These are common
in the southern parts of Alberta and Saskatchewan, especial-

ly near large rivers,

Surface Investigations have shown that
fractures are assoclated with bedrock joints; however, in
glaciated areas such as western Canada, the photoanalyst
must take care to establish the direction of ice flow over an
area before he begins to statistically plot and analyse the
fractures. Most areas in western Canada show an abundance
of grooves and flutes caused by the glacier and these must
not be mistaken for fracture traces caused by subsurface
structural conditions. In parts of the Lloydminster area
of eastern Alberta the glacial scars are so deeply impressed

on the surface that fracture analysis Is at best difficult and




often impossible.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis (Photogeophysics)
is to locate shallow to deep-seated structural and strati-
graphic anomalies, The actual count of fractures per
unit area Is made and values are contoured on a ‘'Fracture
Intensity Map!. In areas of known reefs the fracture
intensity is 2-3 times greater on the flanks of the reef

than directly above the reei.

In any fracture pattern there are two main systems
of fractures: the axlal system and the shear system. In
both systems the fractures are sub-parallel and in general
the two systems are at approximate right angles to each

other.

Because of certain inherent limiting factors, Structure
Incidence Surveys have a lower order of reliability than
Detailed Fraciure Analysis Surveys. To some extent at

least, surface conditions affect the fracture count. In areas




covered by lakes, sloughs and rivers, the fracture count
is zero., Cultivated areas generally yield a lower count
than adjacent virgin territory, Consequently, a difference
or contrast in fracture count (F/l) between two points may
be in part due to structure, but, alsc due in part to
different surface conditions. To some extent, this can be
compensated for by applying appropriate weightings to

the observed counts, but over or under corrections may

result.

Nevertheless, in spite of these socurces or error,
it has been demonstrated in (plains) areas where abundant
subsurface control is available, that the incidence of fractur-
ing Is considerably above normal in the surrounding area
immediately out from the steepest part of the fllanks of the
structure, This is in contrast with a low or normal Incidence
over the crestal area, and also to a normal incidence oif

structure.,




FRACTURE ANALYSIS OF PERMIT
NO. 56

The fracture pattern as shown on the enclosed
mosaic and maps shows a great variation in intensity
over wvarious areas of the Permit. The Permit is
located in the muskeg area along the south shore of
Hudson Bay and is hundreds of miles from the closest

settiement.

The sedimentary section is about 2,000 feet
(plus) thick and several systems are represented. In
addition a thin layer of Tertiary glacial till covers nearly
all of the area. Potential reservoir horizons are present

within both the Ordovician and Silurian sections.

Fractures as plotted on the mosaic show
considerable variation in intensity. There are two areas
where the fracture intensity is greater than normal and
there is one area where the fracture intensity is less than
normal. The high intensity area is shown in red and
the low intensity area is shown in green. The average

length of the fractures is about 4,000 feet and both




mega and micro fractures are present. It is worthy
of special note to mention the glacial problem in this

area.,

Reference to the mosaic will show that the area
is moderately scarred with glacial grooves and striations
and the direction of ice flow was about north 20 degrees
east. Some of these grooves are so deeply impressed
on the surface that they control the shape of the lakes
and of tree growth in the area. In any area such as
this the photoanalyst is faced with the difficult problem

of eliminating the glacial scars from the fracture

pattern without creating false anomalies. The removal
of all fractures from a 10 - 12 degree arc in any
area will create fracture anomalies and it re quires

delicate weighting of the whole pattern to adjust for

these effects.

In any fracture pattern there are two main systems
of fractures: the axjal system and the shear system,
7

In both systems the fractures are sub-parallel and in

A

general, the two systems are at approximate right

angles to each other. Within Peiroleum & Natural Gas




Permit No. 56 the statistical mean direction of the axial
system is north 40 degrees west and the statistical mean
direction of the shear system is north 30 degrees east.
A third minor system, here termed the sub-axial system,

trends nearly north-south,

No regional fractures of great length can be
seen and as these are conceded to originate within the
Basement, it is assumed that all fractures plotted on
the mosaic originate within the sedimentary section.
Furthermore, as the ifractures are short for this area
it is very likely that they originate in the upper two-
thirds of the sedimentary section. As the surface of
the Permit is relatively flat-lying no azimuth correction
is necessary for this study. It has been demonstrated
that the low incidence anomalies on a mosaic are
considerably larger than the subsuriace feature which

causes them.,

There is 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 wili

be discussed in the next section of this report.




STRUCTURE

Petroleum and Natural Gas Permit No., 56 is
located on the coastal plain on the south shore of Hudson
Bay about 70 miles north of the edge of the Pre-Cambrian

Shield.

Structural features which could be present and

which could cause the low incidence anomalies mentioned

in this report are discussed in order of probability.

(1) PRE-CAMBRIAN TOPOGRAPHY

Basement topography under Permit No. 56
is thought to be much the same as it is today along the
north edge of the Shield. Low rounded hills separated
by gentle to abrupt valleys are seen on the Shield and
these features are undoubtedly present under the subject
Permit. The effect of this Basement relief 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 is

and excellent potential reservoir,




Further effects of Basement topography on
beds higher than the Granite Wash is the gentle folding
present over Basement hills. These folds are anticlines

in every sense and could form traps for oil and gas.

(2) REEFS
Reefs strongly affect the fracture pattern
and centrol the occurrence cof gas and oil in the overlying
beds. However, only small reeis have been found in
outcreps near the Permit and such small masses as these

probably do not greatly affect the fracture pattern.

(3) TECTONIC FOLDING AND FAUL TING

The presence of tecteonic folds is very

unlikely, but some normal faulting could be present.

(4) TOPOGRAPHIC RELIEF ON AN
INTRA -SEDIMENTARY UNCONFORMITY

Unconformity, is a possible source of fracture
intensity anomalies, but within the Permit area it Is unlikely
that the relief on any unconformities within the sedimentary

section s great enough to affect the fracture pattern.




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

high in the extreme southwest part of Permit No. 56,

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
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 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 absent

on the top of this high fracture area, but will probably

be present along the flanks of this feature.
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WGC/jp

Respectiully submijtted by:

RAYALTA PETROLEUMS LTD.

-
.-

o

(

—

P

-y T eI
WILL.IAM G. CROOK
Photoanalyst, P.” Geol.







NNNNNNNNNNNNN

HIGH DENSITY




INVESTMENT CORPORATION LTD

P.& N.G PERMIT NO.

GLENDALE

56

'S BAY LOWLANDS
MANITOBA

HUDSON

M

S

SCALE .

IS A UNCONTROLLED MOSAIC AND SHOULD NOT BE TAKEN AS AN

THIS

ACCURATE TOPOGRAPHIC MAP,



GLENDALE INVESTMENT CORPORATION LTD.

P&NG PERMIT No. 56

MEGA FRACTURE PATTERN

SCALE . 15"= | ML







~unQFILMED
(Y U






INTRODUCTION

This report discusses the results of a study of
the General Geology, Stratigraphy and Fracture Analysis
Survey carried out within, and in the immediate wvicinity
of, Petroleum and Natural Gas Permit No. 57, Manitoba,
This permit is located between 56° 50! - 57° Q0!
latitude and 92° |5' - 92° 30! longitude. This is in the
Hudson's Bay area of northeast Manitoba approximately
540 air miles north-northwest of Winnipeg. There are
no roads within the area and the use of an aircraft

is required to reach the area.

The stratigraphic discussion is based on inform-
ation contained in published reports and on the limited

data avallable from well control,

The Fracture Amnalysis Survey locates topographic
highs and lows on the Basement surface, Areas of
Basement "highs" are of great interest as it is felt that
much reef growth (which Is known to be present) Is
centered, or at least concentrated, over areas of

Basement ""highs!,




®

Areas of Basement "lows!" are of interest as
Granite Wash sands tend to accumulate and attain consider-
able thickness In these !'lows!, Reefs and Granite
Wash sands are probably the two principal reservoir

horizons in this area.
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STRATIGRAPHY

The subject acreage, which is located one to 50
miles south of the Hudson Bay shoreline near York
Factory In Manitoba, is primarily covered by muskeg with
numerous small rivers, and streams present. Access lo
the area is provided by the Canadian National Railway
line running into Port Nelson and also by ocean ships to
the same peoint., Subsurface control will be provided by
the Sogepet-Aquitane-Kaskattama # | well when it is re-
leased. It is located some 30 miles east of fhe northeast
corner of the acreage. Recently Houston et al Comeault
Sth. Prov. # |, located at about 56° 40! and 90° 52! has
been licenced. This location, which is some 5 miles east
of the acreage, will provide additional valuable subsurlace
information about this area. Outcrop information is ex-
tremely scarce in this area with only some talus being
noted near York Factory along the north side of the
acreage and along the Kaskattama River, which lies along
the south and east side of the acreage. The main out-
crop data has to be projected into this area from sections

found on the Severn River, which is 10 miles southeast




of the acreage. The Nelson River which s approximaiely
50 miles northwest of the acreage is another outicrop area.
Ordovician rocks are exposed along Gods River, 30 miles
south of the western portion of the area under discussion.
Beds ranging in age from Ulpper Ordovician to Upper

Silurian are expected to be present beneath the land under

review .

ORDOVICIAMN

BAD CACHE RAPRPIDS GRCOUF

PORTAGE CHUTE FORMATION

The type section ol the Portage Chute formation
is located on the Churchill River, 100 miles northwest of the
acreage. Cutcrops are also present on the Nelson River
approximaitely 50 miles west of the area, as well as on
the Sachigo and Severn Rivers which lie to the south. The
formation was defined by Nelson as overlying peneplaned
Pre-Cambrian rocks, and in turn belng conformably over-
lain by the Surprise Creek formation. The Portage Chute
formation, which is 75 feet thick at the type section, con-
sists of a four foot basal quartz sandstone which is generally

quite uniform, tight and calcareous. This sand is also




present at the other outcrop sectlons mentioned above. The
sand grades upwards into grey to buff, weathering iight
grey, partially dolomitic, microcrystalline, laminated lime-
stones. Skeletal debris is quite abundant. At the type
section the limestone section Is 7| feet thick. The thickness
ot the Portage Chute formation on the Nelson Rliver s
approximately 25 feet, while at the Severn River exposures
It Is only about ten feet thick. The formation dips easterly
with an increasing rate of dip as one proceeds basinward
along the outcrop sections. Fossils consist mainly of a
varliety of corals and molluscans with some {rllobites present,
The limestone takes on a nodular appearance In weathered

sections,

SURPRISE CREEK FORMATION

The type section of the Surprise Creek formation

was defined by Nelson as being located at Surprise Creek

on the Churchlll River. It is also present at the Nelson
River section but not further south. MNelson considered the
Surprise Creek formation as late Ordovician in age. The

lype section consists of 63 1/2 feet of thinly bedded, light
vellowish grey, micro to cryptocrysialline limestone. [t
ranges from slightly deolomitic, to dolomitic, and contains some

lenses of chert. The Surprise Creek formation is disting-




uished from the underlying Portage Chutle formation by iis
lack of organic fragments, and by its smooth weathering
characieristics, as opposed to the nodular weathering of
the Portage Chuie formation. The exposures at Nelson
River are poor and not easily correlated with the type
section, but, they appear to be lithologically similar to
the iype section. The thickness Is a minimum 30 feet
and the fauna is composed mainly of brachiopods. The
combined thickness of the Surprise Creek formation

and Portage Chute formation at the Selco-FPennycutaway
# 1, drill hole, which lies about |17 miles west of the
acreage, was 300 +, indicating a rapid thickening of this

group in a basinward direction,

CHURCHILL RIVER GROUP

CAUTION CREEK FORMATION

The type section of the Cautlon Creek formation
Is also found on the Churchill River. The type section was
defined by Nelson to consist of a basal I8 foot bed of main-
ly grey to yellowish grey weathering, cryptocrystalline,

slightly dolomite limestone, containing shell fragments. This




is overlain by an |8 foot bed of grey to brown weathering,
crypto to microcrystalline, slightly delomitic limestone with
little organic remains. This bed weathers into smooth
layers, whereas, the lower bed weathers into uneven
rubbly beds. The uppermost bed consists of six feet of
grey, earthly weathering, micro to cryptocrystalline,
slightly dolomitic limestone which has a nodular appearance
on a weathered surface. The fauna consists of brachio-
pods, corals, and molluscans. The Cautlon Creek form-
ation apparently does not outcrop on the Nelson River,
bui, it should be present in the subsuriace of the subject

acreage.

CHASM CREEK FORMATION

The Chasm Creek formation is found both a~
long the Churchill and Neisen Rivers with the Churchill
sections being the better one. The Chasm Is also exposed
at Gods River, some 30 miles south of the acreage. The
Chasm is fairly similar to the underlying Caution Creek
formation and is in conformable contact with it. At the type
section it s about |80 feet thick. The basal 55 feet is a

light yellowish grey to buff, microcrystalline, slightly dolomitic




limestone grading to an iron rich delomite. It is very
resistant and weathers to a yellow and orange massive bed.
This unit is overlain by about [00 feet of light grey, crypto
to microcrystalline, slightly dolomitic to dolomitic limestone.
The unit contains abundant fine organic fragments. Over-
lying this unit is a 5 to |5 foot thick bed of light grey, crypto-
crystalline, dolomitic limestone which contains no organic
material but has fine intercalations of finely fragmented lime-~
stone beds. The uppermost unit is ten to 20 feet thick, and
is a light grey weathering, very dolomitic, microcrysialline
unit which is strongly lucoidal, On the Nelson River the
Chasm Creek sectlon is a minimum of |15 feet thick with the
maximum thickness unknown, It is lithologically similar to
the type section as is the 38 foot thick section found on Gods
River. The Chasm Creek formation contains a fauna com-

prised of corals, cephaiopods and some brachiopods.

RED HEAD RAFRIDS FORMATION

The Red Head Rapids formation is the uppermost
Ordovician sediment found in this region and tye type section
is located on the Churchill River where it overlies the

Churchill River Group. The formation is a minimum of 42




feet thick with the maximum thickness unknown, Nelson
notes that this formation may be Silurian in age. The
lower 25 feet consist of light yellow, microcrystalline dolo-
mitic which weathers a distinctive orange color., No
fossils are present in this bed. The upper |7 feet is com-
posed of grey to yellowish grey, microcrystalline dolomite,
partially vuggy, which weathers to a grey color. This
bed is also quite unfossiliferous. The Red Head Rapids
is not present in outcrop on the Nelson, Gods, or Severn
Rivers, but, it should be present in the subsurface of the

acreage.

SILURIAN

PORT NELSON FORMATION

The type section of the Port Nelson formation is
located on the Nelson River some 47 miles west of the
acreage under review. The section exposed is 24 feet
thick and consists of interbeds of brecciated dolomite,
dolomite, and shaly dolomite. The dolomite is generally
a gray micro to cryplocrystalline to occasionally granular

rock with minor porosity. It contains a coral fauna and




is placed in the Middle Silurian., I[In the James Bay area
a drill hole encountered 10+ feet of this formation, This
unit should be found at subcrop under the southwesiern

portion of the acreage.

SEVERN RIVER FORMATION

The type section of this formation is found on the
Severn River some [0 miles southeast of the acreage.
The minimum thickness at the itype seciion is 42 feet with
the maximum unknown. The section consists of a basal
13 {oot light grey, micro to cryptocrysialline limestone with
rare vuggy porosity, and a suggestion of algal material.
The middle unit consists of 4 feet of light yellowish grey,
to orange buff, micro to finely crystailine algal limestone
with good wvuggy porosity. The upper unit is a 25 foot
thick bed of cream to buif, partly microcrystalline .to
finely crystalline, chalky and partly organic limestone. Fine
o coarse organic debris is present as well as beds of
oolitic material. The Severn River formation appears to
be present near Churchill in similar ifacies plus the notable
fact that it has a strong bituminous odour from a fresh
break in this area. This fermation should also be present

at subcrop under the southwest portion of the acreage.




EKWAN RIVER FORMATION

The type section of this formation is on the Ekwan
River, which is in the James Bay area and lies some 350
miles southeast of the area under consideration. The section
is from 73 to BB feet thick and consists of grey, fine
grained, partialiy cherty limestone containing corals and
stromatoporolds. The section on Severn Rlver is a minmum
37 feet thick with the maximum unknown. The basal 20
feet is composed of light medium brown, microcrystalline
limestone with fine to coarse fossil fragments, some chert
nodules and some oolitic material, The fossils consist of
stromatoporoids, corals, brachiopods and cephaiopods.

Some poor intercrystalline and vuggy porosity is present.
The middle |l feet consists of yellowish brown, micro-
crystalline partially dolomitic, chalky limestone with some

thin fragmental beds and rare brachiopods. The upper 6
feet is a light greyish brown, to creamy, microcrystalline
limestone which is very highly and ceoarsely fragmental,

The top section contains poor {o good porosity. The Ekwan
River formation is also exposed along the shore of Hudson
Bay from the Mouth of Owl River to a point some 20 miles

south of Cape Churchill., The Ekwan should be found to

]
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subcrop along the western and central position of the subject

acreage.

ATTAWAPISKAT FORMATION

The type section is located on the Attawapiskat River
which lies some 40 miles south of the Ekwan River type
section in the James Bay area. The formation outcrops
on the Ekwan River, Severn River and along the tidal

flats south from Cape Churchill,

The Ekwan River outcrop seciion consists of 54
feet of fine grained, thin bedded, coral reef limestone,
Nelson has described a reefal and possible off reef facies
for the Attawapiskat formation in general, The reef facies
has a minimum thickness of 25 feet and is a c¢cream, 1o
orange cream, to buff, microcrystalline, fragmental |ime-
stone with corals and stromatoporoeoids being common,
Porosity grades from tight to excellent and s vuggy.
Nelson feels that some of the well bedded reefs are
suggestive of biostromes, while other oval, domal reefs
are believed to be bioherms. He noted a gassy odour

at one location.




The off-reef facies is a minimum of 16 feet thick with
uniform beds of cream, to partly yellowish cream, to grey
microcrystalline limestone, There are abundant coarse
granular, bioclastic beds which have excellent intergranular
porosity which could be post reef deposits. The Attawa-
piskat outcrops south of Cape Churchill range In thickness
from 25 to 50 feet In thickness, with both lacies present
and they are seen o grade laterally from one to the other.
This formation should be at subcrop through the central

portion of the acreage.

KENOGAMI RIVER FORMATION

The Kenogami River formation which has only been
found In outcrop, in the James Bay represents the youngest
Silurian found in the Hudson Bay Basin. The formation
consists of an alternating series of shale, siltstone, sand-
stone, dolomite, silty dolomite, shaly limestone, and lime-
stone. The colours mainly range from buff to grey, but,
reds and greens are the colours of the clastics. The
outcrop section has a minimum thickness of 300 feet while
a well drilled on Puskwuine Point In James Bay had a

thickness of B6Z feet. The Kenogaml River formaticn is




expected to subcrop along the eastiern hali of the acreage

under review.

DEVONIAN

Rocks of Devonian age are not expected to be present
under the area covered by the permit, however, they
should be present at subcrop east of the acreage, at and
near the Sogepet-Aquitaine~Kaskattama # | well where

total depth was reached at 2,94 feet in granite.

CRETACEOUS

Rocks of Cretaceous age are knhow only in the James
Bay area and are not expected to be present under the

permiis.




FRACTURE ANALYSIS

This section of the report discusses the results of
a Detalled Fracture Analysis Survey carrijed out on the

area under discussion. An aerial mosaic (scale 1.5 inches

equals approximately | mile) made from Dominion Government

aerial photographs accompanies this report, These same

photographs were examined stereoscopically and the fractures

plotted on the individual photographs, then transferred to

the mosaic for analysis.

The theory that the earth's crust is abundantly and
methodically fractured is the basic premise on which is
built the exploration technique known as Fracture Analysis.
A Fracture is delined as'...generally abundant, natural

lineation discernible on aerial photogtraphs!.

Fracturing Is largely caused by external stresses

on the surface. The most Important are:
(a) earth tides
(b) radial acceleration of the

earth along its radius wvector,




(c) a gradual decrease of the
earthls rate of rotation.

As stated above, the earth is systematically fractured
and the fracture system would approach symmeiry if the
crust were homogeneous. It Is considered that irregularities
are caused by reglonal heterocgenecus condltions within the
earth's crust. Local departures irom the norm are caused

by structural or stratigraphic anomalies.

The term !photogecphysics! was introduced by
Blanchet {1956) and deals with mapping, analysis and
interpretation of iracture traces as recorded on aerial
photographs. In a more general way ''‘photogeophysics” can
be defined as the methodical statistical analysis of linear
features seen on aerial photographs and this system is applied
by any method recording all observable lineations, or the
totallty of a certaln 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 [s longer than one mile

and a microfracture is shorter than one mile.




GENERAL STATEMENT

ORIGIN OF FRACTUIRES

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 dlurnal earth tides due to the gravitational efiects
of the sun and moon; the change in radial acceleration
of the earth along its radius vectior and the gradual de-
crease Iin the earth's rate of rotation., The endless
rhythemic action of these earth tides is probably the princi-
pal cause of the systematic fracture system seen over
most of the world, even though the amplitude of these tides
is only 9-13 inches. The fractures are most likely
generated by the process of latigue 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.

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 surificial deposits that overlie different
kinds of relatively flat-lying sedimentary rocks of varying
thickness. The mechanism producing the lineament patiern
must persist over exiensive 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 parametiers., Some internal forces may also apply
such as the action of deep seated tectonic forces, and the
most probable of these is isostatic adjustment. Isostatic
rebound following the melting of the glaciers may still be
taking place and this will further accentuate fractures pre-

sent before glaciation.

in general it can be said that fracture patterns

are caused by either internal forces or external forces.
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If the forces are internal the result would be difierent
orientation of the fracture systems in areas of similar
tectonic history but different position. If the forces are
external the orjentation of the fracture arrangement should
have world wide similarity. HFowever, stable areas such
as the masses of the continents may develop iracture
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 up-
wards through the section and the joint pattern is imposed
on each new layer of sediments when they 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 photographs
from every climate and on every continent in the world.,

They are expressed as topographic relief, vegetation

1
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differences and soil tonal differences.

TOPOGRAPHIC RELIEF LINEAMENTS

A common type are rellef [ineaments 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
hille or by straight streams where the stream course is

contrelled by a fracture zone.

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 deciducus and
evergreen trees as well as scrub growth are unjversally
visible, However, the most common vegetal lineament seen
by this writer is a siraight l'edge! to a clump of trees or

bushes. In many cases these fractures control the size and




shape of cuitivated fields. Excellent examples of this latier
expression of fractures are present in the western part of

the Peace River district.

SOOI TONAL. LINEAMENTS

These reflect differentiation in soil moisture
and general ground water conditions, These are common
in the southern parts of Alberta and Saskatchewan, especial-

ly near large rivers,

Surface investigations have shown that
fraciures are asscociated with bedrock joints; however, in
glaciated areas such as western Canada, the photoanalyst
must take care to establish the direction of ice flow over an
area before he begins to statistically plot and analyse the
fractures. Most areas in western Canada show an abundance
of grooves and flutes caused by the glacier and these must
not be mistaken for fracture traces caused by subsurface
structural conditions. In parts of the Lloydminster area
of eastern Alberta the glacial scars are so deeply impressed

on the surface that fracture analysis is at best difficult and




often Tmpossible.

INTERPRETATION OF FRACTURE DATA

The object of Fracture Analysis (Photogeophysics)
is to locate shallow to deep-seated stiructural and strati-
graphic anomalies. The actual count of fractures per
unit area is made and values are contoured on a ""Fracture
Intensity Map!". In areas of khown reefs the fracture
intensity is 2-3 times greater on the flanks of the reef

than directly above the reef.

In any fracture pattern there are two maln systems
of fractures: the axlal system and the shear system. In
both systems the fractures are sub-parallel and in general
the two systems are at approximate right angles to each

other.

Because of certain inherent |limiting factors, Structure
Incidence Surveys have a lower order of reliability than
Detailed Fracture Analysis Surveys. To some extent at

least, surface conditions affect the fracture count. In areas
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covered by lakes, sloughs and rivers, the fracture count
is zero. Cultivated areas generally yield a lower count
than adjacent virgin territory. Consequently, a difference
or contrast in fracture count (F/l) 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 for by applying appropriate weightings to

the observed counts, but over or under corrections may

result.

Nevertheless, in spite of these sources or error,
it has been demonstrated in (plains) areas where abundant
subsuriace control is available, thait the incidence of fractur-
ing is considerably above normal in the surrounding area
immediately out from the steepest part of the flanks of the
structure. This is In contrast with a low or normal incidence
over the crestal area, and also to a normal incidence ofif

structure.,




FRACTURE ANALYSIS OF PERMIT
NOG. 57

The fracture pattern as showvn on the enclosed
mosaic and maps shows a great variation In intensity
over varlous areas of the Permit., The Permit is
located in the muskeg area south 9! Hudson Bay and

is hundreds of miles from the closesi settlement.

The sedimentary section is about 2,000 feet
{plus) thick and several systems are represented.
In addltion a thin layer of Tertiary glacial till covers
nearily all of the area. Potential reservoir horizons
are present within both the Ordovician and Silurian

sections.

Fractures as plotted on the mosaic show
considerable varlation in intensity. There is one
area where the fracture intensity is greater than normal
and there is one area where the fracture intensity
is less than normal. The high intensity area is shown

in red and the low intensity area is shown in green.




The average length of the fractures is about 4,000
feat and both mega and micro fractures are present.
It is worthy of special note to mention the glacial problem

in this area.

Reference to the mosaic will show ithat the area
is moderately scarred with glacial grooves and siriations
and that the direction of ice fiow was about north 30
degrees east. Some of these grooves are so deeply
impressed on the surface that they control the shape of
the lakes and of tree growth in the area. In any area
such as this the photoanalyst is faced with the difficult
problem of eliminating the glacial scars from the fracture
pattern without creating false anomalies. The removal
of all fractures from a |0 - |2 degree arc in any area
will create fracture anomalies and it requires delicate

weighting of the wiolie pattern to adjust for these effects.

In any fracture pattern there are two main systems
of fractures: the axial system and the shear system.

In both systems the fractures are sub-parallel and in




general, the two systems are at approximate right angles
to each other, Within Petroleum and Natural Gas Permit
No. 57 the statistical mean direction of the axial system
is north 40 degrees west and the statistical mean direction
of the shear system is north 30 degrees east. A third
minor system, here termed the sub-axial system, trends

nearly north-south.

No regional fractures of great length can be seen
and as these are conceded to originate within the Basement,
it is assumed that all fractures plotted on the mosaic
originate within the sedimentary section. Furthermore,
as the fractures are short for this area it is very likely
that they originate in the upper two-thirds of the sedimentary
section. As the surface of the Permit is relatively fiat-
lying no azimuth correction is necessary for this study.

It has been demonstrated that the low incidence anomalies
Oon a mosaic are considerably larger than the subsuriface

feature which causes them.

There is 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 subsuriface feature,.
The type of feature will be discussed In the next section

of this report.




STRUCTURE

Petroleum and MNatural Gas FPermit No. 57
Is located on the coastal plain on the south shore of
Hudson Bay about 70 miles north of the edge of the

Pre-Cambrian Shield.

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

probability.

(1} PRE-CAMBRIAN TOPOGRAPHY

Basement topography under Permit No.
57 Is thought to be much the same as it is today along
the edge of the Shield. L.ow rounded hills separated
by gentle to abrupt valleys are seen on the Shield
and these features are undoubtedly present under the
subject Permit. The effect of this Basement relief on
the overlying sedimentary rocks is often great. The
Granite Wash is usually present in the topographic "lows!

on the Basement but absent on the "highs". The




Granite Wash is an excellent potential reservoir.

Further eifects of Basement topography
on beds higher than the Granite Wash is the gentle folding
present over Basement hills., These folds are anticlines

in every sense and could form traps for oil or gas.

(2) REEFS
Reefs strongly affect the fracture pattern
and control the occurrence of gas and oil in the overlying
beds. However, only small reefs have been found In
outcrops near the Permit and such small masses as

these probably do not greatly affect the fracture pattern.

(3} TECTONIC FOLDING AND FAUL TING

The presence of tectonic folds is very

unlikely, but some normal faulting could be present.

(4) TOPOGRAPH IC RELIEF ON AN
INTRA-SEDIMENTARY UNCONFORMITY

Linconformity, is a possible source of
fracture intensity anomalies, but within the Permit area
it is unlikely that the relief on any unconformities within the

sedimentary section is great enough to affect the fracture pattern.




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 "low'" fracture intensity (green}. The general
interpretation {s that the low fracture intensity area is
underlain by topographic highs on the Basement. With
this established, the deduction is that the Basement is

high In the southeast part of Permit No, 57.

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
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 cone-half miles in width., i a
fault caused the fracture "low!" the width of the low

would be about one mile or less.




Granite Wash sand is probably absent
on the top of this high fracture area, but will probably

be present along the flanks of this feature.

Respectfully submitted by:

RAYAL TA PETROLEUMS LTD.

Wt b CeoaBy -

WGC/jp




REFERENCES

NELSON S5.J. &

BOSTOCK H.H.

CUMMING ..M,

NORFORD B.S.

NORRIS A.W,

FRICE L..L.

STANDFORD B.V.

BLANCHET P.H.

HAMAN F.J.

[966: Geology of Hudson Bay
Basin, Bull. Can. Petrol. Geol.,
Vol, 4, No. 4, pp. 520-578.

Geology Hudson Bay Lowlands,
Map 17-.1967, Geol. Surv. Can,

1957: lDevelopment of Fracture
Analysis as Exploration Method!",
Amer., Assoc. Petrol., Geol.
Bull., Vol. 4l, No. 8, 1748-59

I1S64: '"Geomechanics Applied to
Fracture Analysis on Aerial
Fhotographs!'', West Canadian Research
Publications, Series 2, No. 2




Granite Wash sand is probably absent on
the top of this Basement topographic high; but will

probably be present along the flanks of this feature.
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