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This report consista of the presentation of the results of &
one-week geological investigation in the Wrigley-Fort Simpson area.
This operation was carried out om behalf of Canada-Cities Service
Petrolewm Corporation between May 22 and Mey 29, 1966 by W. B. Bredy
Consulting 1td. of Calgary. A Bell Super-0 helicopter, chartered from
Bullock Wings and Rotors, was used throughout the operstiom.

e pupose of the investigation wvas to study the stratd.
greghy along the Willow Ridge anticline and to compare and correlate
the exposures there vith those exposed in the McCommell Range to the
vest. In sddition, a Middle Devonisn reef om the Root River was
examined in order better to understand the mature of the isolated
resfs vhich may be present in the Corporstion's Imterior Plains
acreage.

Base camp vas established at Vriglay ailrport vhere board and

lodging were supplied by the airport msnager, A. Silverton. OGasoline
was purchased from the redio cperstor, J. Ito. The writer wishes %o

extend his thanks to these gentlemsn and to the pilot, R. Crawford,
and the geological assistant, D. Gaxdiner.

The area under discussion had already besn mapped by the

Geclogical Survey of Canada during Operstion Mackenzie im 1937. No
sctual landings wvere made on the Willow Ridge anticline at that time,
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Approximately 2,000 to 3,000 feet of strata underlie the Plains
to the east of the map-axea. On the MeComnell Range, some 6,000 feet of
strata are present between the top of the Middle Devonisn and the top of
the Proteroscic. FMurther to the west, over 15,000 feet of Palecsoic streta
are present. This estimate does mot include the Upper Devomisn and/or
Cretacecus rocks, which are very similar in sppearsnce and csn be confused
in the field,

e great change in thickness of section eastwards presents a

potential situstion for the ocowrrence of mmy nstural stratigrephic treps
for the contaimmemnt of lydrocarbons.

The rocks examined in detall dwring this study vere principally
the Middle Devonisn Nehaani and Arnica formations on the Willow Ridge
anticline. Exposures of these formations were compared with equivalemt
strata on the MoCommell Rangs, although in this latter area the Ammica
eguivalent is better referred to as Bear Rock formstion because of the
high dagree of breccistion present. In addition to these beds, the Mount
Kindle formstion ves examined along the southern part of the McComnell
Range in oxder to be sble to evaluate the eastward extension of this
formation into the Plains more precisely.

Exposures of the shales of the Fort Simpson formation and of the
Cretacecus are rare but these vere axamined vherever possidble. This work

vas limited mainly by the availsbility of helicopler landing sites.
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Other formaticns which are part of the gemerel regional
stratigrephic sequence but vhich are not exposed in the immediate ares,
are discussed briefly in a general summey vhich is besed vwpon published
reports and the writer's previous imowlsdge of the area.

The following two tables, reproduced from Geological Burvey
of Canada Peper 62-33 provides a succinct outline of carrelstions in
the Lower Paleosoic (Tuble 1) and in the Devonisn (Teble 2).

PALDOSOT
Sviovisien sl Silepisn

The Scubre, Camsell, Delorms, Whittaker and Sumblood formations
ame expceed to tue vest in the Root River map.area but are absent within
the project area. The Frenkiin Mowntain formation may be sguivalemt ia
part to the Sunblood formation end the Mowt Kindle formstion of the
McConnell Range may be egquivalent to the Whittaker formation to the west.

The Mount Kindle was sammined in the core of the anticline along
the MeComnall Range where it is cut Ly the River Detwesn Two Mountains,
Approximately 300 feet of strata assignable to the Mount Kindle was
cheerved at this locality although the base of the formation was not
axposed. The formation at this exposure consists of dark grey weathering,
thick, iLrregularly bedded, very fine.grained dolomite. Irregulsr blebe
and nodules of chert are rare to common, meny of them representing sili.
cifisd fossll Oregmats, In genaral the formation is guite tight with
only & fev isclated vugs. At other localities, however, the Mownt Kindle
is yeefy and is guite porous.
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Camsell Bend and Dahadinni River Map-area Wrigley Map-area Horn River
Wrigley Map-areas 1 Map-area
(Douglas and Rouge, Redstone Dahadinni Campsell McConnell {Douglas and
D.K. Norris, 1961) and Dusky Ranges Range Range Range A.W, Norris, 1960)
Overlying beds Arnica (11) Arnica (15) Arnica (15) Arnica (15) | Bear Rock (16) (12)
Devonian(?) Sombre (10) Sombre (14)
Camsell (5) . Camsell (13) Camsell(?7)(13)
?
: (12)
Delorme (4) Delorme (11) ?
Silurian ? '
' -
=
Whittaker (3) Whittaker (10) M. '“":“ 9 " '
Ordovician l‘unkli‘ Mz, (8) (9
. ?
blood (1
Sun (n (8)
? ? ?
" Saline River (6] ?
Mt, Cap " (7 .
Cambrian Mt, Clark (5) ?
Proterozoic (7 Lone IT;:d (4)
(2

digese |, Correlation of Lower Palacozoic formations of Dahadinni River, Wrigley and adjacent map-areas.
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The Mownt Kindle formstion probebly correlates with G.5.C.
map-unit 10 of the Horm River area and mst underiie all of the acreage
between the McComnell Renge and the Precasbrisn Shield to the east.
Taking into comsiderstion the porosity observed at other localities, the
Mount Kindle forms a potential rescrvoir over a large area,

The Dear Rock formation is the oldest Devonian rock found in
the project area. It is Middle Devonian in age with the possibility thet
the lower part renges as low as Lower Devonian, It consists predominently
of massive breccias composed of angular fragments of limestone and delo-
mite enclosed in a calcarecus matrix, The formation tends to veather
into rownded knobs, & situation which has led some geclogists into des-
eridbing such outcrops as reefs., This type of weathering is well developed
in the Frenklin Mountains (Figure 13). The stratigreghic equivalent of
this formation in the subsurface contains much anhydrite, which probably
accounts for the breccistion cbservable in the surface exposures. The
Bear Rock formation may be correlated regiomally with the Chinchaga
formation of morthern Alberta and British Colwnbia.

In outerop the Bear Rock gives the impression of being more
porous than it actually is, due to the vesthering out of many individual
freguents to form snguler vugs. Some intercomnected porosity is undoubtedly
present however, as can be deduced from the wells drilled imto the formation
which have yielded either fresh or salt wvater omn test.
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The Bear Rock formation changes facies to the southwest into
the more definitely bedded av. banded dolomites of the Amice formation,
(formerly called the Lone Moumtain formation in some of the older reports).
This change can be seen t0 begin to take place in outcrops south of the
River Between Tvo Mowntains and is complete by the time Lonme MNountaim,
an outlier at the northemn end of the Camsell Range, is reached,

Willow Ridge lies within the transitional area of the chamge
from the breccisted Bear Rock to the better bedded dolomites of the
Arnica., As the strata expose’. in the section measured on Willow Ridge
are predominantly well bedded, the texm 'Arnica'’ is the better to use for
the rocks at this location,

The various abrupt facies changes within the Devonian which
are present in the mowntains to the vest and to the southwest are mot
present in the map area. A most notable change takes place between the
shales and highly argillacecus limestones of the Funeral formation end
the coarse cxystallime porous dolomites of the Manetoe formstion., This
change is very sbrupt and is well displayed at two locstions, one near
the Rem River and the other near Iverson lake., One of the most interesting
and unexpected cbservetions made on Willow Ridge is the presence of the
"Manetoe facies” in the core of the amticline, The presence of this
dolomite on Willow Ridge indicates a much more extensive distribution
of this forummtion than had previously been suspected, enhancing the
prospects for possible Manetoe production from siditional acreage.
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The Nehammi formmtion is comsiderably thimmer over the map-area
then are the equivalent strata to the west. Thickness variations may
renge from 996 feet in the Iverson Range to the west, to less tham 300
feot in the MeConmell Remge and 242 feet om Willow Ridge. This varia.
tion in thickness is due partly to original depositionsl veriations in
thickness combined with possidble facies cheanges at the top of the forma.
tiomn.

The Nehenni formation was exmmined on Willow Ridge where it
consisted of micrograined, grey limestone with mmercus brachiopods smd
stromatoporoids near the top, The lithology of this furmation, vhere
exsmined on the McCommell Rengs, sppeared to be guibie similear to this
in character. The shale facies-equivalemt of the Nshamni formatiom,

the Headlsss formation, is not present in this area being presemt only
to the west.

A sumary of the section exposed om Willow Ridge follows:

Section measured on Willow Ridge anticline at approximately
222° 53' W and 62° 7' N., (descrided in descending order).

Strata overlying the Nshammni formation not exposed.

Uit Thicmess
Middle Devonian



Covered interval - sgparently guite

shaly. 25.0
Limestone, brownish-grey, micrograined,

ﬂ-m a few blebe of

caleite - algal. 68.0
Partly covered but sppea=3 similar to

intarval below, 35.0
Limestone, n‘hh-. ey, micrograined,
Covered interval. 30.0

Total thickness of
Nehanni formation 2k2.0
Nehanni formation was measured spproximately 3/4 mile south
of the lower part of the section. 'fhe 12-foot dolomite Ded wa present
at both localities.

Arnice formation

Dolomite, light grey, coarse-grained, coarsely
laminated, porous, may vaxry in thickness
along strike, 12.9

Dolomite, browmish-grey, finely gramular,
y,veathering, irregularly

bedded, brecciated near top. 163.0
Dolomite, M". n-uq'hnl-.
viggy in part. 5.0

Limestone, <rey, amicrograluel, grey
wveathei ing. 5.0




Total thickness of exposed NS St

Total thickness measured 607 test

The Nehamni formation is overlain by the Fort Simpson formstion
vhich consists of shale which is non-calcarecus, dark grey, fissile amd
locally iron-stained. The uper part of this formation consists of
medivm to duk grey madstone which is calcarecus and silty end is imter.
bedded vith fine-grained argillscecus limestone and thinly bedded, laminated,
fine-grained calcarecus siltstone and sandstone. The lower non-calcarecus
unit of the formation may correlate with the Horn River formatiom,

The Fort Simpeon formation was examined ~a the Willowlake River
vhere it has been compressed into gantle undulating folds.

Mumerous other Upper Devonian wnits which occur west of the
mep-ares are not present to the sest. Oue of these (0.5.C. msp-unit 20
in the Camsell Bend-Root River ares, or 0.5.C. msp-unit 25 in the Dehadimmi.
Wrigley area) is of some imterest in that it is composed largely of stroms-
toporoids end reefy coralline limestone beds which occur as isolated
patches enclosed by the swrrounding shale.

Much of the Interior Plains is underiain by strata of Creteces.”
age. They are shown on the geological map as flanking the Willow Ridge
anticline being separated fram the Middle Devonisn carbonates by the Fort
Sispecn shales. In the project ares however, there sppears %o be m



distinctive mappeble horigzon which can be used to separste the Cretaceous
from the Fort Simpson formation. FPurther to the south, the comtact is
placed at the base of a resistant ridge, although there has not beem suf-
ficient sampling of the outcxop to be certain that this is the actual
boundary. It should be recognised therefore that although much of the
Interior Plains to the east is indicated as being underlain by Cretaceous,
et lsast part of the area presently mspped as Cretacecus mey prove to be
of Upper Devonisn age. Detalled field work combined with micropalecmto-
logical determinations would be required for the solution of this problem,

The porous strata of the Scubre and Delorme formations which
are exposed in the mowntaing west of the map.area are not present on the
McComnell Range or on Willow Ridge. These formations may lie in a
favoureble structural position for the sccumilation of hydrocarbons to
the vest of the mep-area but shoud not be considered as potential horisons
to the east of the area.

The Mount Kindle formmtion is & possible reservoir over much
of the Interior Plains and 1is also present in the Homn River area (assuming
that the correlation with 0.5.C. msp-unit 10 in that area is correct).

It should be noted at this point that it would be more accurete
to relate all Middle Devonisn terminology to facies as, in many cases, two
distinct facies are found to be interbedded and it them decomes A1fficult
to pply standmxd formation nemes. This situstion occurs in the Nshemmi
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Range vhere Douglas has mapped the Landry formetion, a micrograined lime-
stone eguivalemt of the Manetoe dolomites. In actual fact both the Landry
and the Manetoe facies are present jointly over most of the Nahanni Range.

The presence of the "Manetoe-type” facies is extremely interes-
ting. These coarse-grained porous dolomites are obviously more widespread
in development then had previcusly been suspected, increasing the potemtial
area over vhich & reservoir msy dbe anticipated.

What mey become the main reservoirs in the area, however, are
the isclated Devonian reefs similar to that present on the Horn River,
At this latter locality the reef consists of massive, very coarse-grained,
light to medium brown, richly fossilifercus limestone exposed on a cirouler
hill 1/ mile in dismeter. These reefoid beds grade upwards into massive,
pale brown, fine.grained limestone, A similar reef ocowrs on the oot
River at longitule 125° 15'. At this locality the reef forms o massive
exposure (Figure 14) which consists of coarse-grained, crinoidal limestome
in the lower part and fine.grained, stromatoporoidal limestome in the
upper part. The reef is over 300 feet thick and extends for nearly two
miles along strike, Its total lateral extent down.dip is presently
wknown., The reef passes horizontally into shales which are eroded to
form a broad valley., Brecciated, red and green shales are present betwesn
the reef and the Nshanni formation which owtcrops mear the northern emd of
the reef. These shales contain much anhydrite together with vhat appesrs
to be specular hematite, a possible indication of back-reef evaporitic
deposits.



Fossils collected at the top of the Nehanni formstion below the
base of the reef on the Root River include:
Prostus spp.
Spinatrypa sp.

Castropod fregments
Small pelecypod.

Near the base of the reef, the following fossils were collected:
cf. Stringocephalus axius Criclmsy
Large rugose coral fragment
Strometoporoid - indet
cf. Atrypa sp.
Crinoid ossicles.

Neaxr the top of the reef, a collection yielded the following:
Stringocephalus burtini Defrence in de Blainville

Atrypa p.
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™is Wyer olletion Lndioates & corTelat.on vith the Kee
Scary resf 57 te Norwan Vells wea. The other o llections, although
indionting & Middle Devonian age, &re not sufficiestly diagmostic W
isdicate 1f @ woonforwity o clgts Detween the reef and the Nahanni
foremtion, sor If the reef actually represemts contimuous sed lmsntetion
from the top of the Mehamni through the Bare Indian to the Kee Scary
ogulialent

A8 the reefs are isolated festures, vith only the two knowa
locations at Horn and Moot Rivers respectively, no tremd along vhich
other reefs may cccur ofn b predicted with my relishility. The mere
presence of the reef om Root River, however, indicates that other similar
structures may occur usler the Corporationd acreage om the Interior
Plains.

An interesting feature wvas cbserved in am area south of the
¥illowiske River st spproxcimstely 121° 35' ¥ and 65° ' N, following
a study of air photogreghs. This feature consisted of a series of cumoEm-
tric (oval) and redial frectures forming & pattern spproximately six miles
long end three miles wide, trending east-west. Such a pattern might well
be the surface reflection of one of the isolated reefs memtioned sbove.
In sy event, it is strongly recommended that this, and any similar
festures vhich may be located, de investigated in any proposed seismic
work in the area.
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PHOTO ANOMALY

WILLOWLAKE RIVER

N.WT.

Scale: Approximately 1" 0.7 miles

RADIAL AND CONCRETIC LINES FROM AIR

PHOTOGRAPH PROBABLY REPRESENT FRACTURE
PATTERN.

W.B.Brady, Consulting Ltd.




Folding has been the most prominent result of tectomic activity

The Willow Ridge anticline, (Figures 3, & and 10) spproximately
20 miles long, forms a doubly-plunging fold vhich brings resistant Middle
Devonisn rocks to the surface. Dips off the flanks of the structure renge
from 30 to 75 degrees. The widest band of Middle Devonian rocks occurs in
the scuthern part of the fold, vhere the outcrop is two miles wide, The
main part of the anticline is narrow and rarely exceeds a width of more
then one-half mile, The northerly plunge of the structure is gentle and
the fold dies out in a series of small en-echelon anticlines. The main
anticline plunges more steeply to the south, however, and has no obvious
expression in the shales immedistely to the south on Willowlske River,
These shales are folded into a series of smaller folds, a phenomenon
vhich is quite common vhere less competent beds overlie tightly folded
competent beds.

The part of McConmell Renge which 1lies within this map-area
is also folded into an amticline (Figure 12) which is strongly asymmetric
to the east, Dips on the west flank of the structure range from 25 to
35 degrees compared with east flank dips which range up to the vertical.
ga.um-_ummaamumwmmu
the east side of the structure.



Other folds similar to the Willow Ridge snticline may ocouwr %o
the sast bDenesth the wvestern part of the Imterior Plains, Such folds, Af

present, should be easily definsble by seismic investigation,

As already mentioned the main cbjective of this field vk ves
to establish the age and lithology of the strata exposed in the core of
the Willow Ridge anticline and to effect a correlation between these beds
and adjacent sections. A section measured in the most critical position
for obtaining the maximm smount of information indicated that the strata
consisted of elements of the Arnica and Nshanni formations, Out of a
total of 607 feet of section measured, 445 feet were assigned to the
Arnica and 242 feet to the Nshauni, The most interesting new ocbservatiom,
however, was the detection of the presence of the Manetoe facies within
the Arnica bedded dolomites at this locality, indicating a wider distri.
bution of this facies than had previously been thought to exist, Time
permitted the investigation of an wmapped Middle Devonian reef on the
Root River., The presence of this reef, which may correlate with that
exposed on the Horn River, indicates the possibility of the existence of
similar reefs (with sufficient cover to be of economic interest) bemeath
the Corporation's acreage on the Interior Flains,

A photo-anomaly consisting of concentric and radial fracture
patterms may represent the swiace expression of a buried reef such as
mentioned sbove. It is recommended that any proposed seismic program

should be planned 8o as to investigate such photo-snomalies thoroughly,
e 16 -



Finally, it is recommended that s regiomal geological study bde
wndertaken which cosbines all subswiace data with published and unpublished
swiace informstion, a stuly which does not appear to have beem carried out
in this region by smycne to date. With regard to unpublished data, a little-
known fact is that the Geological Survey of Canada in Ottawa maintains, om
open file, wpublished descriptions of sections measured during Operation
Mackenzie, Samples to accompeany these section descriptions are also
availible for exsmination. Such material would form an excellent basis
for the regiomal stuly mentioned sbove,

Respectfully submitted,

U B, @M?

W. B. Brady, P. Geol.
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Figure 3

View looking northwest through the gap near
the southern part of the Willow Ridge amti-
¢line. The McConnell Range can be seem

through the gap teo the west.






Viev looking north of the gap shown in Figure 3.
Top of lower cliff is cepped by 12-foot bed of
coarse-crystalline dolomite at the top of the

Arnica formation. The upper cliff and covered

interval between is the Nahanni formatiom.
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Section measured in core of Willow Ridge anticline,
There is more section exposed here than at the gap
as shown in Figure 4. The lower coarse crystalline
dolomite is outlined followed by very fine-grained
dolomite and finally overlain by the upper 12-foot
unit of coarse dolomite, The Nahanni formation was
measured approximately one-mile south.



Viev locking north along the Willow
Ridge anticline immediately north of

section shown in Figure 5.
light grey coarse-crystalline dolomite

is overlain op the far right bWy the

Nahamni formatiom.

Figure 6



View looking north along the Willow
Ridge anticline immediately north of

section shown in Figure 5. The upper
light grey coarse-crystalline dolomite
is overlain or the far right by the
Kahanni formatiom.,
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Upper coarse crystalline dolomite (here
thicker than vhere section was measured)
in right foreground. The Nahanni forma.
tion can be seen through the trees in
left foreground. The McConnell Range
and the gap formed by The River Between
Tvo Mountains can he seen in the back-
ground .






Close-up view of the coarse-crystalline
Manetoe "type-facies”. DNote porosity



Figure 8

Close-up view of the coarse-crystalline
Manetoe "type-facies", liote porosity
parallel to the rudimentary bedding,
probably representing solution of fossil

fragments,






Figure 9 Irreular contact detween the
oarse-crystalline dolomite on
the right and Nahanni.type lime.
stone on the left,









Figure 11

lov dipping beds of the Nahannt
formation near the south end of

014 Fort Island on the Mackenzie

River. Viev is looking northwest

vwith the Camsell Range in the distance,
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Flpguare 12

Viev looking north along tne McConnell Range
vith the main part of the Franklin Mountains
in the distance, This picture shows clearly
the anticlinal nature of the McConnell Range.
The gap formed by the River Between Two Moun.
tains is lmmedliately to the north, The upper
coarse-crystalline dolomite, as on the Willow
Ridge anticline is in the left foreground
underlain here by Bear Rock, The Mount Kindle
formation can be seen in the core of the anti.
¢line with the Nahanni formation on the flank
to the left,












Figure 14

Massive biohermal reef overlying the
Nahanni formation on Root River, The
lower part of this reef is coarse.
grained crinoidal limestone and the

upper part is composed of Stromatipora

limestone vith "Stringocephalus".
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