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INTRODUCTION

In 1968 Pan American acquired an interest in a block of acreage near
the town of Inuvik, N.W.T. The conditions of acquisition incl::led the
obligation to drill a well. The best way to transport a rig into the area
is by barge along the MacKenzie River and thus the area nearest “:e river
would for that reason be the prime exploration target.

Due to time and other limitations it was decided to explore t*= area
by a combined seismic-gravity survey based on helicopter transport.

The location of the surveyed lines is indicated on the Bouguer g-arity
map (Encl. 1). Gravity was also measured along the banks of the MacKenz.e.
Peyond the survey lines gravity stations were placed by helicopter using
barometric elevation control.

The terrain E of the “ackenzie river is slightly undulating with
hills up to 450'. Vegetation is sparse and trees do not grow over 50 feet
in height. At the time of survey the temperature varied between =10%nd
+ 33°F.

CEOLOGY

South of the town of Inuvik an anticlinal or uplifted situation
has been mapped known as the "Campbell High". Outcrops of Devonian shales
and limestones, Ordovician Silurian dolomites and Cambrian sediments have
been mapped as indicated on enclosure 1.

Further north no other outerop has been found but the area was thought
to be underlain by Cretaceous shales, This was confirmed by the black
bituminous shales collected by the author from shotholes. These shales
have been dated Cretaceous in age.

To the west the recent sediments of the Mackenzie delta obscure effect-

ively all other rocktypes. No wells have been drilled in the survey area,



In 1955 Hunting Ltd. conducted an airborne magnetic survey over the
Mackenzie delta and the author interpreted the data (1968) and a depth
to basement map was prepared. The map shows a great sedimentary thickness
in the Inuvik area, 22,000'; part of the basement depth map has been repro-
duced here as enclosure L, |

No evidence was found of a basement high below the Campbell High
which was remarkable since all other geological positives in the Mackenzie
delta are also positives on the magnetic basement map. We suggest at the
time that the Campbell High could be partially caused by evaporate tec-
honies; the assumption was also supported by the known presence of gypsum
domes in the delta near Aklavik, Since that time it was learned that thick
sections of Proterozoic salt have been drilled near Norman wells some 260
miles south of Inuvik.

A seismic section was available running from a point near Inuvik air-
port in a SE direction, The location of this line is indicated on enclosure
1. The upper major reflection on the section could be projected to the
surface where the Devonlan limestone outcrops thereby identifying the re-
flector. Another strong reflector occurs 500 MS below the Devonian and
is strictly parallel to it; this lower reflector could be identified as the
top of the Cambrian. The total of the measured sections near Inuvik of the
Devonian, Ordoviecian, Silurian section is 5,400' which would produce an
interval velocity of 21,600'/ sec. This high velocity corresponds to a high
density probably 2.67 - 2.70.

FIFLD OPERATIONS

The gravity contractor (Overland Exploration Services Ltd, of Calgary,

Canada) was also responsible for the survey control of the seismic work.
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Crews were based at Tnuvik as well as the helicopters and pilots.

Crews, drills and instruments were airlifted to and inside the area of
operations. After the initial (light) clearing of the swrvey lines no
vehicular traffic was used except for two lightweight tracked persomnel car-
riers. Government regulations require a careful treatment of the permafrost
surface with regard to summer runoff.

Cravity surveying started on Varch 5th and was completed on May 3rd.

A total of 783 stations were metered representing 90 miles of survey; this
includes 71 helicopter located statior® Also included are the stations
along the frozen E channel of the Mackenzie river which provided both a road-
way and elevation control. It should be noted that the Mackenzie river line
shows the smoothest gravity profile due to the absence of near surface dist-
urbances,

The base level of the gravity survey vas obtained by reoccupation of
the Dominion Observatory gravity base station at Tnuvik airport. The base

value is: 982,503, 52 mg.

The survey was executed with a LaCoste and Romberg temperature controlled
peter # 149, Data was reduced using 0,065 mg/' elevation factor representing
a density of 2.3.

INTERPRETATION

The Pouguer gravity field is illustrated on enclosure 1. The field chows
a rather regular dip towards the west and a series of sharp positives and
negatives in the SE corner of the mep. The cbserved gravity sections in

enclosure 6 shows both topography and gravity.



The west dip of the gravity field was expected since the Mackenzie
delta contains a great thickness of sediments; the sharp low however on the
SE edge of the map was not foreseen and if the helicopter based station
are correct a deep grabenlike structure should be located there!

Since the area is overlain by Cretaceous shales and underlain by Dev-
onian and/or Ordivician limestone a major density contrast should be ex-
pected of 0.3 mg. The fairly constant strike direction of the gravity field
north of Inuvik allows a two dimensional interpretation approach perpendicu-
lar to the observed field.

Three sections were constructed perpendicular to thé field strike and
two in north-south direction (Enclosures 5-1 to 5=5). In each case the
observed gravity was plotted and a geological model constructed based on an
increasing thickness of low density shale towards the west. It was also
suggested by a qualitative interpretation that the N-S striking asymmetrical
gravity highs were caused by the updip edges of limestone subcrops. These
subcrops are not necessarily fault scarps; they could be the expression of an
old erosion surface and therefore form a cuesta. The curved geographical
shape supports this view,

feological models were made on this basis and calculated gravity thereof
plotted; the observgd gravity could be matched fairly accurately as a study of
the enclosed sections will show. (Fnclosure 5-5 to 5-5).

The. depth to the limestone interface was plotted and contoured (enclosure
2) which also required that the sections tied which is the case,

"inally the calculated gravity was plotted (enclosure 3). It will be

seen that this matches the observed field closely. An accuracy analysis



shows that the average difference between the caleulated and the observed
gravity field is + 0.37 mg. with a maximum deviation of + 1.2 and =1.0 mg.
In terms of depth, using the equation for infinite sheet, it means that the
structure contour map has an average difference of + 100'.wit£ the actual
depth and that the maximum deviation will be + 300'. This is valid as

long as the density contrast is constant and there is no reason to assume
otherwise,

The graben - horst situation on the SE end of the survey area
was interpreted on the basis of the helicopter stations (see enclosure 5-4)
The deep graben (LLOO') is bounded by ENE-WSW striking faults and shallows
to the west (enclosure 5-5). The major boundary fault will probably continue
under the '"ackenzie where it caused the sharp direction change of the river.

South of this area gravity information becomes insufficient but from
the data at hand it is suggested that the structural conditions continue
to form a graben-horst type environment.

It is noteworthy that the graben is located near the crest of the large
anticlinal structure., Furthermore the constant thickness on the seismic
section of the Top Devonian - Top Cambrian interval proves the structure to
be non-depositional in nature. The uplift therefore must have occurred past
Devonian an a graben structure near the top is to be expected.

The cause of the Campbell High could be Proterozoic evaporite movement.
This would also explain t%e absence of a magnetic high over the area.

The graben is filled with post-Devonian, mainly Cretaceous shales, with
a maximum thickness of L400' B.S.L. The graben is open ended to the NE and
will probably deepen in that direction. The updip end of the graben, near
section IV may provide a drilling prospect for basal Cretaceous sands. The

location is recommended as the best target in the area. The other locations would
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be in the Mackenzie delta on the downside of the small fault as mapped
(enclosure 2). The location however is located in the swamp and the shale

section will be a 1000' less than the graben situation,

CONCLUSIONS

1. The gravity survey mapped the thickness of the Cretaceous shale
effectively and cheaply.

2. The total cost of the survey, including interpretation, was about
£13,000. Can.

3. A deep graben was discovered by a few gravity stations.

bk, A well should be located in the graben to test the basal Cretaceous
sands in updip position.

€. Some 0 helicopter based gravity stations should be placed to detail

the graben structure.

E. Wicherts

June 9th, 1969
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