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GEOMORPHOLOGY

The Permit Nos, 5418 and 5421 11a on the MacKenzie Plain
area of the Northwest Territories, about 7 miles southwest of the
Junction of the Keele and MacKenzie Rivers, The area was
completely glaciated during Wisconsin time as i1s shown by the
abundance of glacial landforms and by modification of the bedrock
surface, These pglacial f'eatures are not so dominant as to
obliterate all other surface forms and features and much
non-glacial information can be had from the mosaic, The direction

of 1ce movement was obviously northwest-southeast,

The drainage pattern is well defined and the whole area
is drained by the Keele River and its tributaries. The Keele
River flows to the east through Permit No, 5421, Middle Creek
flows north throigh the mosatl. :rea and Joilns the Keele within
Permit No, 54?1, Many of these small streams are intermittant
and hold water only during the spring, The general drainare
pattern 1s dendritic but 1t has been greatly altered to some

degree by glacial action, It does not appear to be controlled by

any subsurface feature.

There 4re no topograpnic f'orms present which indicate

any geologic teature,




GLACIAL FEATURES

The surface of the area has been modified on a very large
scale by the passage of the glaciers and their subcequent
melting. The bedrock i1tself, however, probably did not exert any
influence on the 1ce flow pattern or the direction and pattern of
flow of the meltwater streams, There 1is a possibility that the
strong lineations were present before glaciation and that the
glacial f'low simply took the line ot' least resistance and |
followed pre-existing lineations. The net effect would be an

accentuation of the pre-glacial trends.,

Small moraine belts are present throughout nearly all of
. the mosaic area, Nearly all of these are maturely ulssected but
the typical knob and kettle topography remains, The kettle lakes
are verv small compared to other lakes 1in the area, often the
small depressions contain no water at all, The knob hills are
usually low and well rounded., The moraines are not as large or as

conspicuous as those in the Province of Alberta,

Scatterad throughout the moraine are countless drumlinoild
forme. These are formed near the edge of the moving glacial 1ce
and are parallel to the direction of movement of the lce, They
are usuallv less than 50 feet high and several hundred feet in

lencth, True drumlins are a distinct, easily recognlsed shape,
but 1n this area post-glacial erosion has obliterated most of

these features and no "drumlin fields' are present, Drumlins are




almost always composed of glacial t111 material, in their uneroded

state are good indicators of the direction of 1ce flow, Many

are present in the northwest corner of the mcsaic,

Transverse ridge ie the term applied to all drift ridees
formed at right angles to the direction of ice flow, Many of
these features are present throughout the two Fermits and good
examples can be seen in the east side of the mosaic. They are
characterized by being short in length and are scldom more than a
few tens of feet in height, These features often occur as small
ridges in drumlin fields and are at richt angles to the long axis
of the drumlins, 1In aerial photographs the transverse ridges

give the terrain a cross-hatched appearance,

Ice »lock ridges are nsuallv seen in gplaciated areas but
none can be seen on this mosaic, If they were once present they
have been removed by erosion, Tvpically they are small ridees
which surround or nearly surround irregularlv shaped depressions,

These ridees were formed in cracks between ice blocks into which

ablation material was sloughed as the individual i1ce blocks melted,

Perhaps the most striking glacial feature anywhere 1s the
esker., These are long ginuous ridges of pravel and ti1l1ll laid
down by sub-glacial dralnage streams, Some can be traced for

astonishing dicctances - over 200 miles on the Canadlan Shield.

They roughly perrallel the direction orl the ice flow., Within the




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

bedrock where the bedrock forms a slight high between two low

area,
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STRATIGRAPHY

Permits 5418 and 5421 are located on the MacKenzie Plain
about 7 miles southwest of the confluence of the Keele and
MacKenzie Rivers, They lie approximately 17 miles east of the
canyon Ranges of the MacKenzie Mountains and about 12 miles west
of the McConnel Range of the Franklin Mountaine, The MacKay
Range lies about 15 miles northwest of the Permits, Fort Norman
ic located 40 miles to the north of the Permits while the
settlement of Wrigley is some 7C miles southeast of them, The
Pre-Cambrian Shield outcrops about 225 miles east o' the Permits,
Subsurface control is provided by three wells, one of whicn 1is
Shell Keele River L-4, located about © miles north of the Permits
in 64O, 231, 37" N,, and 125°, 01!, 43" W. The other control
wells are Imperial Redstone No, 1 which 1s located 11 miles east
of the Permits in 64°, 11!, 42" N,, and 124°, 38", 19" W. and
Shell Cloverleaf T-4f, located in 53°, 5n', 44" N,, and 1240, 52!,
29" W,, which is about 12 miles south-southeast, The sedimentary
section varies in age f'rom Cambrian to Tertiary, TImperial Redstone
No, 1, bottomed at 4,874 feet or 374 feet into the Ronning
Formation, while the Shell Keele River bottomed at 4,235 feet in
the Upper Devonian, Imperial Formation after penetrating 1,948
feet of them. Shell Cloverleaf I-46 bottomed at 11,318 feet after
penetrating 5,143 feet of undivided Bear Rock and Ronning
sediments, Regional 1sopachs indicate the area covered by tne
Permits should be underlain by a minimum of 14,000 feet of

sediments. Regional isopach and facies maps along with published




geological reports have be~n used to outline the general
stratigraphic sequence which can be expected to underlie Permits

5418 and 5421,

CAMRRIAN AND/OR OLDER

KATHERINE GROUP

The Katherine Group which renresents the earliest
Paleozoic sediments in this region are named f{rom a section
exposed in the Upper Carca jou River area which lies about 75 miles
northwest of the Permits, The section nxposnd ronsiste of inter-
bedded quartzites and black, platey shales, The chales are green,
chocolate and black coloured with the tlack being platey and
bituminous, They are contained as interbeds in the quartzites
which are generally pink, buff. rusty and white coloured in
outerop, The top of the Katherine is placed at the base of a
chocolate coloured shale snccession., The base of the Katherine
was not “een, leaving the total thickness unknown for thic area,
To date the Katherine has not been penetrated by any well drilled
in this region, which leaves the subsurface section an unknown
quantity, While reservoirs are not described in outcrop 1t must
none the less be expected that sand bodies =uch as offshore bars,
beach sands and longshore bars will eventually be found 1in this
eroup of sediments, Similar sands are found to be prolific
producers in the Red Earth Creek area of northern Alberta, The
delineation of prospective areas for encountering such sands is
dependant on a knowledge of present Pre-Cambrian structure as well
as 1ts topographiral expression during the deposition of the sands,

A gravity meter and airborne mapgnetometer survey could be used to
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good advantage in locatineg areas requiring more detalled
exploration such as a seismic exploration survey., The bituminous
shales described 1n the Upper Carca jou River exposure shonld
provide an adequate source of hydrocarbons, Thic section should
be considered in any exploratory plans for this area ac 1t could
contain ma jor recerves of hydrocarbons, Anticlinal struvctures

could provide an additional trappine mechanism in this area,

MACDOUGAL GROUP

The tyvpe section of the Mncdougal Group 1s locnted about
75 miles northwest of Permits 5418 and 5421 in the Douo Canyon
of Macdoural Creek, At the type section the Macdougal it
divisable into a number of formations which total 007 f{'~et in
thickness, The base is placed at the hottom of a 120 foot thick
chocolate brown rhnle while the top s placed above H0 feet of
evenly bedded limestone with rhale part*nec, Lithologically the
croup consiste of interbedded limestones, sandstones, reddish
coloured gypsum, black, petroliferous shales as well as preen,
red and chocolate coloured chales, The section mapped by Laudon
at Imperial River is about 30 miles northwest of the type section,
The Imperial River sectlon 1is 1,839 teet thick, with the base not
exposed, and consists of sandstones, alternating with limestones,
gypsum and vari-coloured shaler, The hasal part consiste of
sandstones with minor ~“hnle "ngerbeds whi.h nappear to be a shallow
water depoclt cince they are ripple marked and crocs-bedded, The
cection becomec inecreasingly shaly unwards, There 1s considerable

gpypsam in the upper shales and Laudon attributes the crinkly
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distorted schale beds near the top to eypsum solution with
accompanying collapse of the shales, A 146 foot bed of black to
dark grey, laminated, alpsl limestone near the top of the section
overlics coft black deepwater shales and 18 separated from them
by an unconformity, The limestone, which 1s sandy in part,

containg calcareons alepae which are up to 3 feet in diameter,

The Ma:dougal at Norman Wells contains a bed of salt
2,000 feet thick which 1s correlated with the Saline River
Formagion, The type £=ction of the “aline River Formation liec
2 miles above the Junction of the Saline River with the MacKenzie
River, which 1s about 15 miles due east of Permit 5421, The
section expoced t= 100 feet thick with neither the top nor the
bace seen, Eftimated thickness of the Saliae River Formation at
the type sectlion 18 500 feet, The cection exposed conslets of
red and green shales interbedded in part with gypsum and salt
deposits, CSalt springs in the area undoubtedly have thelr source
in this formation., The Saline River WMormation at the type area
1s underlain by older beds of Macdougal age and by about A0 feet
of the Katherine Group., The Katherine 1s exposed on Clark

Mountain, which 1s about 25 miles east of Perrmlt Sh21 and consists

of mainlv pink and red quartzite,

The Saline Kiver Formation is a very widesyread unit and
i3 believed to be present northwest of Norman Wells as well as

9

south of the type locallty for the following reasons.



. 1, The overlying Ronning carbonates are brecciated
at exposures in the northern kKichardson Mountains

west of Inuvik suggesting solution colliapse,

v}

Aeromagnetic coverage north of Inuvik has
disclosed two features which bear a marked
eimilarity to known salt domes in the Arctic

Islards,

3. The gypsum in three ailapiric structures which
intrude Cretaceons beds on the east margin of
the Richardeon Mountains, west of Tnuvik

containe evidence of early Paleozoic origin,

. 4, The wectern margin of the Saline Kiver Salg
1t known in the Norman Wells area and a
postnulated extension of this margin can be

made to the northwest and southeact of Norman Wells,

Permits H418 and 5421 will undoubtedlybe nnderlain by
Saline River Salt, however, no reasonable estimate of the thickness

precent can be made,

Solution of the Saline River Salt creates the possibility
of salt structures in the overlying Carbonate banks similar to
those found tu be nrodnctive in sontheastern Saskatchewan and at

Rainbow Lake in northwestern Alberta. The crinkly distorted shale

‘ beds noted by Laudon at Imperial River may be a product of salt
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solution rather than gypsum =olution as was suegested bv him,

The alpal laminates at Tmperial River indicate some organic
activity in the Macdougal seas and this coupled with 'nderlving
salt structures could give rise to hvdrorarbon hearing recervoirs
within this sequence, The petroliferous shales within the
Macdougal Group shounld provide adequate cource material for the
generation of hydrocarbons, Tmnerial Vermilion kldege #1, located
at 659, 07', 51" N,, and 126°, 05' 00" W,, which 18 atout 55 miles
north-northwest of Permit “U471 peretrated 2,1(7 feet of Macdoueal
beds without reaching the Katheine Group. Shell Blackwater Lake
G-52, loecated in 64°, 01!, 20" N., and 1227, =5', 12" W, 1ler
5lightly over 60 miles eact of the Permits and penetrated 160 teet
of Macdougal sediments before stopping., Neither well was drlll
stem tested in the Cambrian portion of the well bore and to date
there have been no reservoirs encountered in wells which have

drilled to the Cambrian in this region,

ORDOVICIAN - SILURTAN

As nas been noted by various suthors, rocks of Ordovician
age have not been definitely identified 1n thi< repion. however,
1t seems to be generally nccepted that theyv are present 'n the
Norman Wells repion, The contact with the underlyine Macdougal 1s
unconflormable, Stelck mapped 1,500 shales and areiilites at
outcrope in the Upper Peele Kiver area which lles about 200 miles
northwest of the Permits. About 75 miles west of the Permigs,
near the confluence of the Keele and Twitya Kivers, the Ordovician

section was mapped by Keele as 4,000 feet of alternating beds of
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argillite, dolomite and limestone with 1,500 feet of sandstone
overlying and separated from them by a 100 foot thick diabase sill,
Some 20 miles northeast oi' this =ection the came sandstone was
mapped as a U4, 500 foot thick unit with only occasional shale
partines, The sectione described by  telck and Keele from outcrops
alone with the scattered subsnurface control available have been
nsed to establish some regional lithofacies patterns for the

Ordovicinan,

The UUpper Peele River section 1s mapped as an open marine
basinal sequence of shales and argillites, Flanking this basin
are chell edge carbonates which are reefal in part. The shelf
edge carbonates are found alone the central portion of the
MacKenzie Mountains and on the Peele Plateau, To the east of the
chelf edpge carbonates are the shelf carbonates proper which are
generally clean, finelv cryetalline carbonates with variable
porosity, They are precent over most of the interior platns and
probably underlie Permits H418 and 5421, There 1s a possibility
that the Permits in question may be underlain by reefal shelf
edge carbonates, Tnis nossibility exists because a long, narrow
trend of baslnal sediments extends from the Kort McPherson area
through Norman Wells and south into the Camsell Basin and Liard
Plateau, This trouegh 1s mapped as lying about 15 miles west of
the Permits, which would put the Permits in a ; o0od position to

explore for porous shelf edre carbonates,
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' The distribution of Silurian apge strata covers a much
wider area than do the beds of Ordovician age. Lithologically the
S1lurian rocks are very similar to the underlying Ordovician beds
and for this reason as well as ease of working with them, they
have been groupeda together under the name of Ronning Group, The
sedimentary pattern for the Silurian is very s'milar to that
established in the underlving Ordovician, TIn the Norman Wells
area the Ronning Group can be divided into two formations, a lower
one named the Franklin Mountain 2nd an upper one named the Mount
Kindle. The Franklin Mountain Formation is usually found to
consist of 1imestones and dolomites with abundant irregular shaped
chert nodules, The Mount Kindle is generally made up of a
sequence of' chert poor limestones and dolomites which tend to thin

‘ in a southerly and easterly direction, The Ronning Group should
be from 3,000 feet to 3,500 feet thick In the area covered bv
Permits 5418 and 5421, and shonld consist of clean, f'Ynely
arystalline, shelf rarbonates with abundant chert inclusions and
variable degrees of porositv, The possibility for the occurrence
of reefal shelf edge carbonates fronting a basinal sequence of
shales to the west of them exists in this area much the came way
as was ontlined earlier for the Ordovician beds, The Tmperial
Redstone No. 1 well, located in 64°, 11!, 42" N,, and 1240, 38!,
19" W., which lies about 11 milec east of the Permits, penetrated
314 feet of Ronning before it was abandoned. The gsection
consisted of f'inelv cryvstalline dolomites with variable amounts of

‘ anhydrite and gypsum, The section was genera 1ly *found to contain

fine vug and intercrystalline porosity, which was not tested,
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presumably due to a lack of shows and probable evaporite plueging
of porosity., Tmperial Loon Creek No., 2, located 1in 55°, o7', 20"
N., and 126°, 128", 51" w., which 1s about 63 miles north-rorthwest
of the Permit: penetrated 1,270 feet of Ronning. The Ronninege was
found to consist of mainly white to grey, microcrystalline to
granular dolomites with =ome evaporite plugging., Scattered poor
porogity was present throughout, however, no drill stem tests were
run and no shows were noted in the samples, however, oil staining
has been described in the Upper Konning pgroup at wells drilled in

the Norman Wells area,

The Ronning has been decscribed in outecrop at a number of
locations *n this repgion, 1In the area of pahadiinni Kiver, which
1s about 25 miles couth of Permit 5418, about 320 feet of erev to
black dolomites and limestones with thin interbeds of black shale
were found lving heneath the brcceiated Bear Rock Formation, The
hase of the Ronning is not exposed at this section, The cection at
Bear Rock, which 1s about 40 miles north of Permit 5421, consists
of 600 feet of limectones, dolostones and shales with the
hrecetated sediments of the Bear Koel Wormation overlving them and
the Macdougal red and egreen, gypsifierous shales underlying them,
The Mount Kindle Rormation 1s apparently not present here, At
Mount St. Charles, whicn lies about '8 miles north-northeact of
Permit 5421, the coztion is mapped as 805 feet of Frankl'n Mountain
PFormation, overlain by 480 feet of Mount Kindle carbonates, The

Franklin Mountain Formation ~onsists of a lower 200 Ceet of

cavernous limectones overlain by 105 feet of cherty limestone and
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prey limestone, This !s In turn overlain by k70 teet of grey
dolomiti~ limestone. The base of the Franklin Mountain Formation
here 15 not exactly clear as various workers have placed beds
beneath those described above into the Ronning Group also, They
consist of pgypsum, conglomeratic llmestone with black bituminous
pebbles anu hirghly bituminous limestoner which lithologically
would appear to be nearer the description of the Macdougal Group,
The basal 210 feet of the Mount Kindle 15 a dolom'tic limestone
containing corals of Niagaran age, Overlying them are 90 feet of
1imestone and chert beds while the upper 180 feet of Mount Kindle
i{s a hard, grey, dolomite whicn ir cherty in the lower part. The
saction 17 overlain by the brecclated dolomites of fhe Renr Rocle

Formation,

wour miles north of Norman Welle., at Schooner Creel,
Stelck mapped a 100 foot section of mancive, crystalline, porous
Jimectone containing come coralline fauvna, He correlated them with
the lower portion of the Mount Kindle mormation, This cection
~ran bhe interpreted as a porous, carbonate bank, or hanl edpe
depostit. The Mount Kindle 1s lixely to have A number of' thece

narbonate banks, or low transgressive reef fronts In this area,

since, as can be seen from the various cectiors described In this
region, 1t undergoes both facles and thi kneco changes in the

MacKenzie River area,.

The trapping ~ondittons which can be ontlinea for the

Ronning 1in this area are anite vartfed, A few of the types of




trapping to prospect for are outlined bhelow:

(a) The marked atsconformity which separates the
Ronning Group from the overlylne Bear Rock Formation
may have produced erosional features such as secarps,
monodnocks and channels, which when scaled by the
hacal evaporites of the Rear Kock Formation wounld
constitute an effectlive trap. Leachine chould enhance

the reservoilr properties of the Ronning carhonntes,

(b) As mentioned vreviously, low reef fronts or
porous carbonate banks mayv be present and coupled

with the =eal provided by the overlying Bear Rock
evaporites conld present a very extensive trap,
Lateral faciea changes from porous to “emi-evaporitin
carbonates could also nrovide a potential trap of
considerahle areal extent,

(c) Selective zolntion of the underlving Cambrian
Saline River =alt mav cive rise to one or two stage
calt “olution structnres such as are found to be
productive of o1l 1n the Hommingbird area of southeast
Saakatchewan., Partial solutton of the salt prior to
or during Mount Kindle deposition would have served

to provide local elevations on the sea bottom where
the =alt was not removed. These local elevations
would provide the loci for reef and/or carbonate bhanks
to grow on., Traps of the Hummingbird type wonuld involve

early local solution of the salt, This may have occurred

-




- 16 -

in late Cambrian or early Ronning time, The depressions
created would have received an extra f111 of sediments
over that being deposited where the salt was not
removed. Once sedimentation within the sink hole
caught up, subsequent sedimente would be depocited on

a normal sea floor, The second stage in the formation
of a Hummingbird type of trap would involve the removal
of the salt surrounding the original sinlk hole at

some time subseanent to Mount Kindle deposition, This
would leave the Mount Kindle reservoirs overlying the
site of the original =alt solution etructurally high,
The Bear Rock evaporites should provide an adegnate
reservoir seal, Evidence to cupport one or two stage
~alt removal in this region 18 present in the
breceiated nature of the sediments composing the lower

Ronning and of the Bear Rock 1n exposed cections,

(d) Gentle to tight anticlinal folds pos=sibly
conpled with thrust faulting are likelv to be present
at the Permits in question and could provide sizeable

accumulations of hvdrocarbons within them,

MIDDLE DEVONTAN

The Bear Rock Formation overlies the Ronning Gronp and
is separated from 1t bv a marked disconformitv., The contact with
the overlying Hume (Kampargs) may also be disconformable, The
type section is located 4O miles north of Permit 5421 at Bear Rock,

near Fort Norman, The type section 1s mapped as two distinct
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facies, a basal 40 feet to HAO feet of white, gypsiferous, massive,
lensing dolomite or limestone and an upper 175 f'eet of breccila
composed of brown dolomitic limestone boulders set in a matrix

of dolomitic limestone, Separatine the two facies is, a 30 foot
section of poorly bedded, dark grey limestone and dolomite, The
contact with the overlvine Hume (Ramparts) 1s gradational and

consiste of 10 feet of bedded limestone ani dolomite breccia,

The Bear Rock 18 a very wldespread formation which
undergoes a number of facles changes, gradine from open marine
hasinal shale facies to evaporitie choreline facies, The basinal
shale facies, which 18 present in the Richardson Mountains,
continues southeast along the western side of the MacKenzie
Mountains, The basinal shales are flanked by a belt of shelf
edee limestones and dolomites along their eastern side, Porosity
is developed within these carbonates., Adjacent to the shelf edge
carbonates and covering much of the interior plains and Peele
Plateau areas are the chelf limestone and dolomite facies, 1In the
Peele Plateau they attain a thickness of some 2,000 feet and
consist of micritic pellet and micritic skeletal limestones wilth
intervals of finely crystalline, porouts dolomite in the lower part,
The shelf carbonates are in turn replaced by a relatively narrow
belt, about 25 miles wide, of shelf dolomites which appear to be
the prelude of the adjacent evaporite sequence, The shelf
dolomites are present in the MacKenzie Mountains and extend in a
11ne north throupgh the Wort Cood Hope region and south into the

camsell and Nahanni Ranges, Permits 5418 and 5421 are mapped as

lying slightly east of the shelf dolomite facles, however control




-
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is such that they mav be found to be underlain by the shelf
dolomite facies, The shelf dolomitic facies are in turn replaced
by an evaporitic sequence along their entire length, This facies
change begins to the wast and north of Norman Wells and extends
southward into northwestern Alberta and northeastern British
Columbia, In the Norman Wells area and alsc in the area covered
by the Permits the basal portion of the Bear kock is commonly
evaporitic while the upner portion consists of carbonate breccias,
The Imperial Redstone #1 well which lies 11 miles east of the
Permits penetrated 1,078 feet of Bear Rock sediments, The upper
300 feet consisted of pgrey to brown. microcrystalline dolomites
with some interbeds of dark brown microcrystalline limestone,
Porosity of a fine, vugular and intercrystalllne nature was found
scattered throughout this section. Traces of dead oll staln were
observed in the samples, however, no tests were run over the Bear
Rock, The Bear Rock in this well becomes increasingly evaporitic
with depth until the basal 375 feet contain gaite thick beds of
dark grey to brown to white anhyvdrite interbedded with grey-brown
1imestones and brown to dark brown dolomites, This lower 780 feet
of Bear Rock 1s essentlallv dense with only very scattcred traces

of vugular porosity and dead oill staining belng cobserved.

The evaporite facies of the Bear Rock 1s equivalent to
the Chinchaga KHormation of northern Alberta and northeastern
British Columbia, South of Norman Wells a strong denositional

feature called the Camsell Basin occurs. Thickening from 2,000

feet to more than 5,000 feet accompanied by facies changes from
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’ evaporites through shelf carbonates to basinal sediments takes
place into this basin. The shelf carbonates are cryptocrystalline
to microcrystalline dolomites while the shelf edge facies 1is
reefal with some of it at least being porous. Permits H418 and
5421 are mapped as lylng on the northern end of the Camsell Basin,
Tmmediately south of the Permits the Bear Rock isopach undergoes
pronounced thickening as evidenced by the Shell Cloverleaf well,
The Permits should be in a good vnosition to locate a porous
shelf dolomite or snhelf edge facles, Some support for this is
noted in the Tmperial Redstcne No, 1 well which had an interbeddea
sequence of limestones and dolomites which 18 nsually indicative
of a zone of mixing activity. This zone is usovally ffound next

to carbonate bank bulldups,

In the Norman Wells area the Bear Rock carbonates have
been found to he very porous in some wells, while in others the
porosity has been plugged by anhydrite and gypsum, Considerable
bitumin has been encountered in places, Drill =tem test recults
vary from mud recoveries to water flowing to surtace, The
Atlantic Col. Car Shoals C-31 well, located in 657, 50', 7.5" N.,
and 128°, 51', 45" W,, which 1s about 145 miles northwest ol
the Permits, is located in about the same stratipraphic pocition
as the Permits, t.e., in the shelf dolomite facies near to the
evaporite facles, The well nad 744 feet of Bear Kock and a drill
stem test run over a 12 foot interval near tne top of the

. formation recovered 5 feef of oll, 180 feet of mud and 385 feet

of water. A test run over the next 245 feet of Bear Rock

——




- 20 -

recovered 2,800 feet of water with a chlorinity of 24,000 PPM CL~
indicating the reservoir was not flushed, There was no draw down
in reservolr pressures indicating an extensive porous zone,
Relatively close to this well Atlantic had previously drilled a
well called Atlantic Col Car Beavertail G-26, located in 657, 55,
25" N,, and 128°, 3W', 25" W, They ran a number of drill stem
tests over the Bear Kock without recovering anv formation fluid,
The wall was cased througch the Bear Roclk and perforated in 1t.
Swab tests recovered 5 pallons of water with a chlorinity of
4,200 PPM CI~, which is quite obviourly not formation fluld.

The well was cubsequently abandoned, however, the two Atlantic
wells @erve to 1llustrate the rapid changes in reservolr
properties which can occur in the Bear Rock, They also indicate
that the reserveir must be considered ac = potentinl hydrocarbon
bearine reservoilr in the Norman "ells and surronndine area=s, (011
shows were also enconntered bv Western Decnlta at their Rond Lake

wells; however, these wells 11a some 200 mile~ north-northwest of

the Permits,

The Rear Rock Wormation ts exposed At numerous out rops
in the Norman Wells region. At the Dahadinni River section, which
ig about 25 miles sonth of tue Permits, more than 420 feet of
typicnlly brecziated dolomltes were observed, 1In addltion to the
type section at Bear Rock the formatlon 18 exposed on Mount St,

charles, which 15 akout U8 milec north-northeact of the Permite,

The brecciated nature ol the Bear kock was previously




mentioned as being a2 probable product of the solution of the
Cambrian Saline River Salt., A more conventional theory for the
origin of the breccta is that 1t 1s a product of the sharp
disconformity separating the Ronning Group from the overlying Bear
Rock Formation, This theory ic undnrubtedly true for the basal
portion of the Bear Rock. The Mount St. Charles section may be
considered ac supporting evidence for the theory proposineg that
the breczlation nf the Bear Rock wns caufed by the colution of
Sa11ine River Salt during Bear Rock deposition, The cention io
described by Willlams as " 240 feet of <ac~harolanl, roarse
srained, brown dolomites - overlain by 1,000 feet of thin bedded,
brown dolomites, in part brecclated", The top of the Bear Rock
was not seen, In addition to the brecciation well np into the
Bear Rock cection, the great tnickness of sedimente mapped as

Berar Rock ~ould be considered sugeective of greater cubsidence
during deposition here than was ocenrring in adjacent areas, The
thickness at Bear Rank. which 18 the type section, 1s about 265
reet, The anomalons thickness could also he due to erosional
relief or unrecopgnized Shruct fanlts repeating the cection, however,
netther of these alternattves ceeme very plausible, The rapid
facies chanpes within the Bear Kock are further evidenced when one
compares the section exposed 2 miles north of Mount ©t, Charles to
the exposure on Mount St, Charles, Here the chert beds of the
underlying Mt., Kindle formation are overlain hy 500 feet of grey
rypsum beds that are in turn overlain by limestone beds that are
mapped as part of the overlying Hume Formation. The Mount S5t.

charles section has no evaporites, The difference in thickness

between the two exposures 1s worthy of note also,




HUME FORMATION

Cconsiderable confusion has existed in the literature
concerning the relationship of the Ramparte or Hume, Hare Indian
and the Kee Scarp Reef, A paper by H, G. Rassett in the Geology
of The Arctic Sympesium"” 1s probably the most important one to
read for an understanding of the Middle Devonian peoloery of this

area,

Hume defined the Ramparts Formation as containing all
definite Middle Devonian beds In the Norman Wells area an well as
in the surrounding area, The base would be placed at the top of
the underlying Bear Rock and Lne top at the contact with the
cverlying Fort Creek Shales, He cubalvided the Ramparts into three
membersg: a lower limestone member, n middle shale member ana an
upper limestone member, The lower 1! ~etone member, which is
relatively thin in the Norman Wells area, thickens in a northwest
direction, About A0 miles west-northwest of Norman Wells ‘n the
Imperial Range on Mountaln River the Lower Ramparts is described
as 445 feet of limestone, dark grey to black with irregular black
shale partings, and very fossiliferous in part, The Middle
Ramparts at this section consiste of 700 feet of pgrey to green
shales and limey shales with many thin 1imestone beds which are
commonly coquinoid in the lower part., The Upper Ramparts limestone
at this section is 180 feet thick and 1s mapped as a limestone,
black to grey-brown, massive, grading to shale at the base, The
upper portion consists of limestones, prey to dark grey, masseive,

with thin hlack shale partings,




The term Ramparts was discarded bv Racsett i1n hils paper,
The sertion as redefined by Rassett consiste of': The Home
Formation whi~h he equates with the Lower Ramparts of G. 5., Hume:
The Hare Tndian which 1is corsidered the correlative of the Middle
Ramparte shale; The Kee Scarp which 1s correlated with the Unper

Ramparts,

The tvne section of the Hume 1s located in the MacKenzie
Mountalns on the east branch of the Hime Kiver, The type section
consists of LOO feat of thinlv hedded limestoner which nre 11rht
erey, areiilaceous, very fosatliferons and of shallow water or'gin,
The Hume 18 correlated dinchronouslv with the lower portion of
the Kep River Rormation of northern Alberta and northeastern
British Columbin, The ~orrelation is bared on ostracod zones
within the Hume and lLowoy Kep River Wormations, The Hume has been
found as f'ar north as tne Anderson River, The thickness of the
Hume is anite variable as is readily apparent 11 the tvpe section
is compared to thne section at Schooner Ureeck which 1s located 4
miles north of Norman Wells, The Hume here 18 only 8.5 teet
thi k, and consists of limestone, black, shaley to =slatey and
fossiliferous, The basal 1 foot 1s a conpglomerate indicating a
disconformable ~ontact with the vnderlying Bear kock which ie
exposed. The Schooner Creek section 1s overlain by the Hare

Tndian Shale,

The Hume Formation 1s gererallv encountered as a non-

porous rock both in outcrop and in the suobsurface, The Keg River




Platform of northern Alberta is also normally a non-porous rock,
however, 1t does develop into a marginal shoal along the northern
flanks of the Peace River Arch, This marginal shoal is a very
porous, prannlar, reefy dolomlite which ylelds larece anantitles

of water when drill stem tected. The marginal shoal is 1n turn
replaced by a back choal mud flat which 1s in turn replaced by
shoreline sand=, Patch reefs have developed in the mud f{lats back
of the marginal shoal and some free o1l has been recovered from
drill stem tests run over them: however, to date no commercial
wells are present in them, The shoreline sands have been found
productive of o1l in the general Red Harth - Utikuma Lake area,
The facies pattern developed along the north flank of the Peace
River Arch should have been repeated along the margins of the
Pre-Cambrian Shield, The marginal <hoal and the shoreline sanads
may have been removed by one of the many perlods of deep erosion

that have ocenrred in this region,

The Hume has been described at various localities as
being very petroliferous in part, This situation is also
duplicated in tne Keg River Platform of' northern Alterta where it
18 overlain by the productive Keg River Pinnacle and atoll reefs,
The Keg River Platform 18 almost certainly the source of the oll
in these prolific reef's, Because of the similarities outlined
above anv reservoirs developed in the Hume must be considered as
prospective hydrocarbon traps, Tmperial kedstone No. 1
penetrated ©55 feet of Hure sediments which consisted mainly of

darlr brown microcrystalline, argillaceous limestone with minor

amounts of shale and dolomite interbedded with the limestone,
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One test was run near the top of the Hume, however, only mud was
recovered, The section appears to become Increasingly shaley
near the contact with the underlying Bear Rock. Imperial Hoosier
Ridee No, 1, located in 65°, 24', 15,6" N,, and 127°, 37', 13,9"
W,, 1ies about 100 miles northwest of the Permits under review
and reported gas showings ac well as traces of ofl from the Hume
Formation, The Hume 1= present at the Dahadinni River outecrop
section in a grey to black limestone and dolomitic limestone
facies, The section 15 also exposed at Bear Rock as a shaley
limestone facies, The Hume was 658 feet thick in the Shell

Cloverleaf 1-46 well, No tests were vin in this well,

HARE TNDTAN

The contact of the Hare Indian with tne underlying Hume
Formation is generally sharp and probably represants a sudden
influx of mud into a clean well aerated sea, Tt appears to
represent a mud bank depocsit wlth the source area lying to the
northeast partially filling a large basin, The contact of the
Hare Indian with the overlying Kee S~2arp is somewhat diachronous
since 1t 18 cenerally placed at the point the section changes
from predominately shale to predominately limestone, HFacles
changes thus account for the diachronous nature of the contact ns
well as being the cause of some of the confusion which has
surrounded correlations of the pevonian sediments in this region,
The section exposed on Carcajou Ridee, which 1s about 115 miles
northwest of tne Permlts in question, serves to illustrate this

problem, On the south central side of this ridge the Kee Scarp
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1s 70 feet thick and 1lies on 2?1 feet of Hare TIndian Shale, while
on the northeast flank of the ridee it rests on limestones which
are probably a facies eaquivalent of the Hare Indian Shale., The
reef 1s only 6 feet thlck on the west end of Carcajou Ridge,
Further west of Carca jon Ridpe the Hare Indian attains a thickness
approaching 700 feet, The section at Carcajou Ridee should

probably be mapped as containing much more Hare Indian, only as

a limestone and shale facies and not strictly as a shale facies

in this rarce,

The Hare Indian generally consists of 500 feet to 700
feet of slightly calecareous, light greenicsn-crey to mealum crey,
bituminous (in part) s=hnle witn abundant micro rocstls, However,
due to the facies changes, as deccribed above, it can thin to less
than a 100 feet in a few mile~, The thicknecs around Norman Wells
13 n=ually about 100 feet, while to the north of Norman Wells fin
the vi-inity of Hoosier kKidere the section In wells drilled ranges
from 500 feet to B0OO feet, South of Norman Wells around the
confluence of the Mao~Kenzie and Redstone Rivers the Hare Indlan ic
about 500 feet thick on the region of 1icopachs, Imperial Redetone
No., 1, which 1s about 11 miles east of the Permits, penetrated
about A00 feet of light to dark ereen and dark erey, 1in part olilty

shales of the Hare Indian Rormation, Shell Cloverleaf had 342

feet of flare Indian,

The relationship between the Kee Scarp Reef =nd the

underlying Hare Tndian and Hume Formations appears to be somewhat
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analagovus to the relationship between the Klua shales and 2djscent
reef's in the Clarke Lake area of northeastern British Columbia,
The Klua shale, which 1s Middle Devonian, overlies the Kep River
Formation and 1s overlaln by the Slave Point Formation of bank
carbonates Ln come wells, however, in others the reef prowth
initiated In the Keg River has conttinued on into the Slave Point
with little or no Interruption, 1In the latter case no Klua shale

was deposlited.

KEE SCARP_FORMATION

The Kee ..carp Formation 2¢ redefined by Bassett 1s a
widely distribated formation, Ostracods have been usged to establish
the Kee Scarp as equlvalent tc the combired Sulphver Point - flave
Point carbonates of northern Alberta, The conta~t with the under-
lying Hare Tndian shale, as previously mentioned, 1s diachronous,
The Kee Scarp Formatlon in the Norman Wells area corsicte of a
lower platform unit which 1o abcut 75 feet to 17t feet thick and
l1ithologically 1s a bedded limestone with abundant foscsilec, The
platform untt te wvenally devold of hydrocarbons, COverlying the
rlatf'orm or foundation unit is a biohernal reef which conctituten
the recervolr for the Norman Wells oll “ield, The reef 1s
composed of materials such as corallites, bryozoans and
stromatoporotds, cet in a coral sand matrix. The facies varien
widely between wells as would be expected 1n 2 true reef, The
thickness of the Kee Scarp reef above the plagform vartes from
zero feet to 250 feet in the Norman Wells area, The oreatestg
overall measnred thickness of the Kee Scarp in the Aarea ta 4ob

feet, The Kee S~arp 1s overlain bhv the Conol Formation, or in 1ts




abhcence the Fort “reek Shale= which Bassett redef'ined as part of

the Tmperinl Formation,

The platform unit of the Kee Soarnp 18 undoubtedly the
correlative of the !pper Ramparts limestone unit mapped by Hume,
This fact, as mentioned previouncly, means the Kee Scarp 1s a
widespread formation since 1t 1is not restricted as it was
previously to only the reef member. Since the Kee Scarp reef
grows npwards f'rom the fourndation unit, any well drilled 1In this

racion must he considered a potential Kee Scarp prodacer,

Maximum reef crowth mecionally has penerally been found
on the marging of Hare Indtan thiclks, however, the presence of
them does not ensure Kee Scarn reetf's, The marging of the Hare
Tndian thicke which were described nnder the dicconsston of that
formation have not yet been found to contain reefs, however, they
have certainly not heen adeanately exnlcred either, Regional
1eopachs indleate Permits S418 and H42)1 are locnted on the northern
margin of a Hare Tndlan thick and should thus be well located for
Kee Searp reef developments, The Kee Scarp platform in the
Tmperial Redstone No, 1 well, which 1s 11 miles east of the
Parmits 1g abont 3B feet thick, Tt was not present in Shell

Cloverleaf T-U6,

The o1l 1n the Norman Welle oil teld 18 trapped in the
updip end of a discrete Kee Scarp biohermal reef, The thickness

of the reef varies up to a total of 405 feet, Reserves in the

reef have been estimated as high as 60 million barrels., The
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productive area of the field 1s placed at 2,600 acres,

CANOL FORMATION

The Canol Formation was defined by Bassett to include
the black to very dark brown non-calcareous . bituminous shales
which overlie the Kee Scarp, or, in its absence, the Hare Indian
FPormation., The Canol 1s very rarely calcareous. however, 1t 18
commonly sulphnrous and siliceouns, FRosstls are very rare in the
nfanol, The Canol i1s overlain by the Imperial Formation ot Upper
Devonian age, It may be the equivalent of the lower part of the
Resa River shale of northeastern Rrigish Columbia, The Canol
thiclkness ranges from 7ero feet to 400 feet 1in the Norman Wells
area, The thickness varies 1in relation to the underlyine Kee
Searp reef much in the same manner that the Ireton thickness is
related to Leduc reefe within the Province of Alberta, 1,e., the
Canol thins over the reefs to 7ero in places while it thlckens 1in
the of'f reef direction, conseqnentlv the thickness variation 1is
quite larege, The Canol Formation was 235 feet thick in the
Imperial Redstone No, 1 well and consisted of prev-brown to brown
silty shale and siltstone, It was 435 feet thick in Shell

loverleaf I-46 and directly overlays the Hare Indian,

JPPER DEVONTAN

TMPEKRTIAL FORMATION

The Tmperial Formation was redefined by Bassett to
include all beds of Devonian are overlyving the Canol Formation and

which are unconformably overlain by Cretaceous strata., He

g
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recommended that the term Fort Creek Formation be discontinued as
the above definition of the Imperial includes the Fort Creek
Shales within it, The Imperial Formation consists of a sequence
of greenish-prey shales overlaln by a series of fine sandetones,
siltstones and thin limestone beds, The Tmperial is capped at
many places by 2 grey shale sequence, The lithologiec of the
Imperial are extremelv variable which makes correlations within
1t very difficnlt, The thiclness of the Imperial may reach more
than 3,000 f'eet where the processes of erosion have not <ut very
deeply, The Imperial 1s exposed at the Dahadinni River sectlon
south of the Permits, They Aare also exposed north of the
Dahadinni River along the Redstone River where they total about
2,420 feet 1in thickness, The Imperial in the Tmperial Redstone
No, 1 well was only 30 teet thick, however. in the Shell Keele
River L-4 well, wnich is 5 miles north of the Permite, the
Imperial Formation was not fnully penetrated, however, the well
did penetrate 1,048 feet of them before drilling was stopped,
The Imperinl in the Keele well was mainly green to brownish-grecen,
calcareous shales with thin Interbeds of siltstone, dolomit:> and
marlstone, Tn the Shell Cloverlea? T-Uf well 1t was 2,255 feet
thick and was tested for a recoverv of water cut mud., The three
control wells are indicative of the mapnitude of the sub-cretaceous

unconformity in this narea,

SANS SAULT GROUP

The type sectlon of the Sans Sault Group is alone the

Mountain River where 1t Joins the MacKenzie River, The name 1is
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derrived from the Sans Sault Raplds which are near the type
section, The type section fs about 140 miles northwest of the
Permits. The Sans Sault 1s the basal group of Cretaceous
sediments which lie directly above the unconformity separating
the Cretaceous and Devonian sediments. The top of the group 18
nsually placed at the base of the first hentonite bed in the
overlying thick shale sequence, The section consiste of chales
and sandstones of marine origin, Some bheds are auite widespread
and form good marker beds, The Sans Sanlt Group 18 approximately
1,411 feet thick near the type gection, while on the Mourtain
River, where it cuts through the Imperial Range it 18 about 3,850

feet thick.

SLATER RIVER FORMATION

The Slater River Formation overlies the Sans Sault Group
and consists of thin bedded, black, friable shales with nbundant
ironstone concretions, There are also some beds of white ana
yellow alum and sulphur, Sandstone 18 only occasionally present,
There are numerous beds of bentonite which in outcrop are only
1/8 inch to 1 inch tnick. The Slater River also contains a fish
geale horizon which is tnought to indicate an upper Cretaceous
age for the formation. The section is about 1,000 feet thick at
the type section, According %o Hume . 400 teet of Slater River

shales were seen in outcrop on the Keele River south of Norman

Wells, but neither thne top nor the bottom were seen,

.



Y

LITTLE BEAR FORMATION

The type section of the Little Bear Formation 1s found
2bout 75 miles west of Fort Norman on the Little Bear River, The
beds conegist of sandstone, some conglomerate, sandy shales and
coal seams, The beds are not correlatable between areas due to
their lenticular nature, The type sectlion is 780 feet thick and

contains marire brackish and freshwater fossils,

EAST FORK FORMATION

The East Fork Formation is named from a section exposed
on the East Fork of the Little Bear River, The tnickness at the
type section 1s B850 feet thick and consists of a series of well
stratitf'ied, grey, conchoidal and plastic marine shales, There are
some thin, limey sandstone members and thin coal seams near the

base,

The tnlckness of Cretaceous sediments which are present
in any one place in the general Norman Wells region, including
the area under study, 1is extremely variable, The Shell Keele
River L-U4 well penetrated approximately 2,170 feet of undivided
Cretaceous sediments while the Tmperial Kedstone No, 1 encountered
1,590 feet of undivided Cretsceons beds, The Shell Keele River
I,-4 well encountered a 70 foot zone of siltstone, and sandstone
with some chert pebhle conglomerate at the base of the
Cretaceous, The sediments are of marine origin and contain a dead
agphaltic stain throughout, however, there was no more than 5 feet

of intergranular porosity present which was not tested, The first
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50 feet of shales above the basal sand, o1lt section also
contained a dead asphaltic stain in a very dark grey to black to
dark brown shale, Krom 1,470 feet to 1,600 feet in the Shell
Keele River well there is a very porous, salt and pepper, medlum
coarse grained sandstone with kaolinific and sideritic cement.

The sand which is well sorted was tested and a recovery of 960
fert of fresh water was obtained, The well containe oimilar
porousg sands a2t 1,340 feet to 1,375 feet and from A7T5 feet to 990
feet, hut they were not tested, The upper sand contains a fair
percentape of chert pebbles and some siderite nodules, The
remainder of the Cretaceous in this well consists of'" thin candstone
and s1ltstone stringers imbedded in brown to erev-brown to prey
shales, From 1,000 feet to 2,220 feet the section ts mainly dark
orev shale, The Cretaceous section 1in the Tmperial Redstone No, 1
well 18 mainly composed of dark grey shales with abundant fronstone
nodules., The basal 130 feet contalns minor, medium to dark grey
siltstone ctringers, while the npper 50 feet containe some thin
beds of sandstone., The cands are salt and pepper, cideritic,
medium grained »aolinitic with some poor rorocity., A trace of
glauconite was observed, Therc are 7170 numerour thin dark cgrey
afltotone stringers 1in thic ingerval., The Shell Keele River well
certainly has many more porous cands than does the Tmperinl
Redstone well, indiznting 2 shale ong of recervolrs between them,
The dead staining observed in the basal sand of the Shell Keele
River well coupled with the shale out of the sands In an updip
direction indicates that the Cretaceous should be carefnlly

evaluated in 2any wells drilled in the vi~tnity of Permits 5418 and
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5421, Cretaceous heds are exposed along the Keele, NDahadtnri and
Redstone Rivers. however, the sections are incomplete, The
Cretaceous 1s exposed in the northeastern corner of Permit 5421,

north of the Keele Rlver,
TERTIARY

Tertiary sediments in the Norman Wells area are not
subdivided, They consist of conglomerates, gravels, shales,
lignites, soft, coarse carbonnceous eands and soft clays, A
thickness of 1,600 feet has been mapped on the Little Bear River,
The East Fork hac lignite beds B feet to 10 'eet thick at 1te
headwaters while alone hoth ~tdec nf 1fs valley for 18 m.lec the
hirh h1lls and valley sider are made up of Tertiary atrata up to
1,200 feet thick, These two ontzrops reem o “orm part of 2
basin which dips to the =outhwesot, Chell Keele RKiver L-4 had 120
faet nf candatonec which were meoonsolidated and contatned chert,
t111, pebbles of dolomite, eranite and brown ~hale, The Tmperial
Redstone No, 1 contained M- feet of mich the same material ar the

Shell Keele River L[-4 well,

STRUCTURE

The Permite in question are located on the MacKenzie
Plain, approximately midway retween the MacKenzie Mountatins to the
west and the Franklin Mountains to the east, The MacKenzle Plain
je ~haracterized by many egentle folds 2nd only minor fanlts, The
Permits are croscec by af least two northwest trending synclines,

one at the northeast ~orner of the Permite and the other =strikes

across Permit 5418 from its northwest corner to a point about
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miles west of 1ts southeastern ~corner, Anticlinal cstructures are
not mapped on the acreape, however, two anticlinal folds lving

to the northwest may extend onto the acreage, The cover of
Tertiary and Cretaceous sediments tend to maslk the surface
structures on Permits 5418 and 5421, however, 1t would be very
gurprising 1f anticlinnl structures could not be found on these

Permits by other means,

It is recommended thnt further evaluation of the Permits
unier review consist of » eravity meter ana =2n alrborne
magnetometer survey, They should be of great assistance 1in
outlinine the distribution of the Saline River Salt and any =alg
structures associated with 1t. The marnetometer may be of help
in outlining the present Pre-Cambrian structure, The surface
structures should be evalunated by a photo-reoloslical study

combined with a surface geolorical [feld party.




. FRACTURE ANALVSTS

This cection cf the report discusses the results of A
Detatled Fracture Analvets Survey carried out within, and ‘n the
1mmediate vicinity of, Petroleum and Natural Gas Permite 5418 and
5hP1, An arrial motatc (senle 1,65 fnches equals approximately
1 mile) made from D-minton Government aerial photographs
accompanies this v.nort, These same photographs were examined

stereoscopically and the fractures plotted on the individual

photographs, then gransterred to the mosalc for analyeis,

The theory that the earth's crucst 1s abundantly and
methodically fractured is the barsic premlise on which is bullt

‘ the exploration technique known as Fracture Analysis, A Fracture

is defined as "... renerallv atundant, natural lineation

discernible on aevial photographs ',

Fracturine 1s largelv consed bv external stresces on the

surtace, The most important are:

(2) earth tides
(b) radial acceleration of the earth alone 1ts radius

vector

(c) a rradnal decrease ot the earth's rate of rotation

As stated above, the earth 1= ~votematically fractured,

and the fracture svetem wovld annroa~h symmetry 11" the crust were

. homogeneous, Tt 1o considered that ifrregularities are cansed by
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rerional heterogeneous conditions within the earth's crust,
Local departures from the norm are consed bv strunctoral or

stratigraphic anomalies,

The term “hhotorﬂobL1"1n"” was introdnced by Rlanchet

(1956) and deals with manping, analysis and interpretation of

franture traces as recorded on aerinl photograrhe, Tn A more
ceneral war ”phntnﬁpnphvrin"“ 'an be defined as the methodical
statistical analyets of linear fentures ceen on 2erial photopraphs
and this system fs aoplied by any method recording all

observable lineations, or the totallty of a certain tyvpe of

linear feature, and the statictiecal precentation of the aata on
sontonred intensity maps or dry plotting the fractures directly

on the mosaic,

Tn this report a megatractore is lonper than one mile

and a microfractnre 18 snorter than one mile,
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GENERAL DISCUSSION

ORIGIN OF FRACTURES

Fracturine is larpgely caused by external stresses on the
earth, althourh internal stresses mav play some minor roll, The
most important of thece external forces are the diornal earth
tides due to the grav sational effects of the sun and moon; the
change 1n radial acceleration of the earth along its radins
vector and the gradual decrease in the earth's rate of rotation,
The endless rhvthemic action of thece earth fides 1s probably
the principal cause of the systematic fracture system seem over
most of the world, even though the amplitude of these tides 1is
only 9 - 13 inches, The fractures are most llkely generated by
the process of fatigne as the end result of these stresses which
are repeated regularly over millions and millions of years,
Metals fatigue in the same manner when sobjected to continual

vibration,

In general the init!iating forcee which generate fractures
must have continued for a very long time and the pnrocess involved
are continuoug and are probably active at tnhe present time,
Furthermore, Mollard (1957) states, "The mechanism reguired to
reflect lineaments to ground surface must he reasonably simple,
for simple patterns are produced on diverse topoeraphy and in
diverse types and denths of surficial deposlits that overlle
different kinds of relatively flat-lying sedimentary rocks of
varying thickness. The mechanism producing the lineament pattern

mist persist over extensive and widespread belts of fthe eartn's
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outer shell; that is today, the engendering mechanism must in

fact be world wide",

External forces such as earth tides obviously {1t these
parameters, Some internal forces may also apply such as the
action of deep seated tectonic forces, and the most probable of
these 15 1sostatic adjustment, Isostatic rebound following the
melting of the glaciers may still be takine place and this will

further accentuate fractires present before placiation,

Tn general it can be sald that fracture patterns are
caused by either internal or external forces. If the forces are
internal the result would be different orientation of' the fracture
sygtems in areas of similar tectonic history but different
position, If the forces are external the orientation of the
frangure arrangement shonld have world wide similarity. However,
stable areas such as the masces of the continents may develop
fracture patterns ‘l.e to external forces and tectonically active

areas may develop their own pattern dne to internal forces,

1f Jointe form early in the history of a cediment then
systematic Jjoints must be successively younger upwards through the
section and the Jfolnt pattern is imposed on each new jayer of
sediments when theyv have become consolidated enough to fracture,

This npward propagation 1s cauvsed by the fatigue caused by stre

which in turn 1ig caused by diurnal earth tildes,
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EXPRESSION OF FRACTURE

Fractures have been ohserved 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 RELTEF LINEAMENTS

A common type are relief lineaments which can be
manifested by a change (usnallv nhrupt) of' topogranhic elevation
on eilther side of a relatively straight line, They may also be
expressed as straight vallevs or hills or by straleht streams

where the ztream course 18 controlled by a fracture zone,

VEGETAL LINEAMENTS

Vegetal lineaments are the most -common 1n the
parkland and muskep areas of western Canada and many excellent
examples of fractures can be seen on almost any aerial photograph
of northern Saskatchewan, Alberta or British Columbta, Straient
1ines of both deciduous and evergreen trees as well as secrub
growth are nniversallv visible, However, the most common veretal
lineament seen by this writer 1s a straight "edge" to a clump of
trees or tuches, In many cases these fractures control the sive
and shape of cultivated fields, Excellent exnmples of this latter
expresaion of fractures are present In the western part of the

Peare River district.

INTERPRETATTION OF WRACTUR® DATA

The object of KFracture Analysls (Photogeophvsics) 1s to
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. locate shallow to deep-feated structures and stratigraphic
anomalies., The actual count of fractures per unit area is made
and values are contounred on a '"Fracture Intensity Map". TIn areas
of known reefs the {racture intencity 1s two to three times

greater on the flanks of the reef than directly above the reef,

In any fracture pattern there 2re two main systems of
fractures; the axial svetem and the shenr syvstem, 1In both svstems
the fractures are sub-parallel and in general the two systems are

at approvimate right nngles to ench other,

Recause of certailn inherent limiting factors, Structure
Tncidence Surveys have a lower order of reliahilityv than Detatled
Fracture Analysis Surveys, To some extent at least, surface
nonditions affect the fracture count. In areas covered by lales,
sloughs and rivers, the fracture count 1s zero, Cnultivated ~reas
generallv vield a lower count than nd/acent virein ferritoryv,
fonsequently, a difference or contrast in “racture count (/1)
between two polnts may be in part dne to ctructure, hut, ~1lso due
in part to differe t curface conditions, To come extent, this
can bhe compensated for hy appl; ing appropriate welghtings to the

observed counts, but over or under corrections may result,

Nevertheless, in spite of these sources of error, 1t has
p ’

been demonstrated in (plains) arens where abundant subsurlace
‘ control is available, that the Incidence of fracturing 18

congiderably above normal in the surrounding area immediately out




- 4o .

from the steepest part of the flanks of the structure, Thic 1s
in contract with a low or normal incidence over the crestal area,

and also to 2 normal incldence off ggructure,

SOIL TONAL LINEAMENTS

These reflect differentiation in =ofl moisture and
general eround water conditions, These are common in the
gouthern parts of Alberta and Saskatchewan, esrecially near

lacoe rivers,

Snrface investicsations have choun that fracturec are
assorinted with bedrock joints; nowever, in placiated areas cnch
ac western 2anada, the photoanalyst must take care to establich
the direction of 12e flow over an area heafore he hepins to
stetistically plot and analyse the fractures, Mnet areas in
western C=nada show an abundance of erooves and ges aneed hy
the ploacier and these mnst not be mistoken for fractnre gtraces
cansed by anbaurface structnural conditlions, Tn rarto of the
Llnydminster are= of enggern Albergn the glactial ccars are o

deeply tmprescsed on the =@urface that fracture analvsis 19 at best

difficult and of'ten impossible,
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FRACTURE ANALYSTS OF PERMITS 5415 and 5421

The fracture pattern as shown on the enclosed mosaie and
mapc 8hows a creat variation in intensity over varions areas of
the Permits, The two Permites 2are located in the muslkepr aren eact
of the MacKenzle River and are hundreds of milec from the

closest cettlement,

The cedimentary cection 18 abont 14,000 feet thiek and
several systems are represented, Tn addition 3 thin layer of
Tertiary clacial £i111 ~overs nearly all of the area, Potentia)
recervoir horizons are present within both the Ordovician and

Devonian cections,

Fractures as nlotted on the mosaic show ~onsiderable
variation 4n intenaltyv, There are flour areas wnere the fracture
intenstityv 18 greater than norma1l Aand there are two areas where
the fracture intenstitr 1s leas than normal, The hirh intensity
areas are shown in red nad the low Intensityv areas are shown in
preen, The average levgth of the fractures 12 akout 4,000 feet
and both mega and micro fractures are present, Tt 1s worthy of

spectal note to mention the ¢lacial problem in this area,

Reference to the mosatec will show that the area has been
moderately scarred with elacial egrooves and sgriatiors and that

the direction of i2e flow was about North 60 degrees West, Some

of these grooves are so deeply impressed on the sarf'ace that they
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control the shape of the lakes and of tree growth in the area,

Tn any area such as this the photoanalyst 1s faced with the
difficult problem of eliminating the glacial scare from the
fracture pattern without rreating f'alse anomalies, The removal
of a1l fractures from a 10 - 12 degree arc in any area will
create fractnre anomalies and it reauires a dellcate weirhting of

the whole pattern to adjust for these effects,

In any fracture pattern there are two main systems of
fractnres; the axial svstem and the shear system, 1In both systems
the fractures are snh-paralle] and in ereneral, the two systeme are
at approximate ripght angles to each other, Within Petroleum and
Natnral Gas Permits 5418 and 5421 the ctatisticn)l mean direction
of the avial system 1s North 40 deerees West and the stotistical
mean direction of tne shear svstem i3 North 20 depgreec Kast, A
third minor system, here termed the sub-axial cyvstem. trende

nearlv north-sonth,

No regional fractures of great lenpgth can be seen and as
these are conceded to originate within the Rasement, it i=
assumed that all fractures plotted on the mosalc originate within
the sedimentary sectlon, HFurthermore, as the fractures are short
for this area it 1s very likelyv that they originate in the upper
two-thirds of the sedimentary section. As the surface of the
Permits 18 relativelw flat-lying nc azimuth correction is
necessary for this study. T% has heen demonstrated that tne low

incidence anomalies on 2 mosaic are considerably larger than the
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subsurface feature which causes them and thus anv anomalyv under

Permits 5418 and 5421 1s probably quite small,

There are two areas on the mosaic where the fractures

are less intense than the surrounding area,

Some fractures are present within these areas., bnt they
do have a lower incidence than the surrounding area, These low
intensity areas are important and 1t is ouite likely that they
are due to some subsurface feature., The type of feature will

be discussed in the next fectlon of this report.
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STRUCTURE

Petrolaum and Natural Gas Permits 5418 and 5421 are
located on the MacKenzle Plain of the Northwest Territories, about
210 miles to the west of the edege of the Pre-Cambrian Shield,

The strike of the sedimentary rocks 1s about North 20 degrees
West and the units dip to the southwest at a few tens Hf feet

per mile,

Structural features which could be present and which
could canse the low incidence anomalies mentloned in this report

are discussed in order of probability,

1. PRE-CAMBRTAN TOPOGRAPHY

Basement topographyv under Permits 5418 and 5421 is
thought to be much the same as 1t 1s today along the southwest
edee of the Shiela, Low rounded hills separated hy centle to
abrupt valleys are seen on the Shield and these features are
undoubtedly present under the subject Permits, The effect of this
Ragement rellef on the overlving sedimertary rocks 1s often great.
The Granite Wash sand 18 vsually present in the topographic "lows"

on the Basement, but absent on the "highs', The Granite Wash is

an excellent potential reservoir,

Rurther effects of Rasement topography on beds higher
than the (ranite Wash 1s the gentle folding present over Basement

hills. These folds are anticlines in every sense and could form

traps for oll or gas,
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Many small fault® have been reported by A, W, Noriss
(]955) in the Basement and immediately overlying rocks and these

features could cause closure within the sedimentary unlts,

2. REEFS

Reefs of any age strongly affect the fracture pattern and
sontrol the occurrence of gas and oil in the overlying beds,
However, 1t 18 unlikely that any reefs are present in the area
of Permits 5418 and H421, The only platform from which they could
grow is the Keg River equivalent 2and sco far, no evidence of

reefing has been found in this area,

3., TECTONIC FOLDING AND FAULTING

The presence of tectonic folds 1s very nnlikely, but

some normal faultine 18 probably present,

L TOPOGRAPHIC RELIEF ON AN INTRA-:EDIMENTARY

Unconformity 18 2 possible source of fracture intensity
anomalles, but within the Permit area 1t 1is nnlikely that the
relief on any nnconformities within the sedimentary section 1is

great enough to affect the fracture pattern,

Reference to the Total Fracture Pattern Map which
accompanies this report wlll show that there are two areas
"migh" fracture intensityv. and two areas of "low" fracture
intensity (green). The ceneral interpretation is that the low

fracgure intensity areas are underlain by topographic highs on

the Basement., With this established, the deduction 1s that the
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Basement 18 high in the southeast corner of Permit 5418 and 1in

the northwest corner of Permit 5421,

These Basement high features are most interestineg from
the oll and gas point of view, The general chape of these
features 19 such that the cansative feature must be a hill on
the Rasement surface, A fault 18 unlikely as the cavsative
feature as the high areas are over 1-1/2 miles in width, If a
fault caused the fracture "low" the width cof the low would be

about 1 mile or less,

Three hvpothetical structure cross-sections accompany
this report and reference to them will show how Rasement "hipghs"
are inferred to be present beneath areas of low fracture
intensity, All profiles, An-pl, C—"1 and P—Rl run at richt anples

to the strike,

Respectfnlly submitted by:

yd

william G. Crook, P, Geol,

WGC:mjh
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THIS 1S AN UNCONTROLLED MOSAIC AND SHOULD NOT BE TAKEN AS AN
ACCURATE TOPOGRAPHIC MAP.
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