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REPORT OF A GRAVITY SURVEY ACROSS THE NORMAN RANGE,

NORTHWEST TERRITORIES

This report is in fulfillment of DSS Contract No. 14 SU.23294-0-0594
issued by the Department of Supply and Services, Energy, Mines and
Resources, on behalf of the Institute of Sedimentary and Petroleum Geology,

a division of the Geological Survey of Qanada.

SUMMARY
A gravity profile 16 km in length was established across the Norman
Range of the northern Franklin Mountains, Northwest Ter}itories. A positive
residual Bouguer gravity anomaly was observed over the range with a relative
maximum of + 70 ums™? lbcated about 4 km southwest of the summit. The
gravity anomalies were interpreted in terms of the density structure of
the Norman Range and yielded two possible solutions.

(a) Saline River detachment model. In this model, the Norman Range is

interpreted to be formed by a low-angle thrust involving detachment
at or within the Upper Cambrian Saline River Formation. Older
Proterozoic sediments are inferred not to be involved in the
deformation. The model requires a minimum of 9 km of southwest

to northeast horizontal shortening of the post-Proterozoig
sedimentary cover.

(b) Proterozoic detachment model. In this model, the Norman Range

is interpreted to be formed,by a high-angle thrust involving
detachment within or below the Proterozoic. The high-angle
thrust results in horizontal shortening of only about 3 km.

Model (a) is preferred to model (b) because the latter requires that



the density of the Proterozoic sediments be at least 2.84 x 10%kg m 3, a
value which cannot easily be substantiated. A third alternative model,
that with a vertical fault, was discounted because it did not satisfy

the observed data set as well as did either of the above models, and

furthermore, it also.réQuired the high Proterozoic density of 2.84 x 103kg m 3.

INTRODUCT ION

The Norman Range is part of the northern Franklin Mountains which Tie
on the outer 1imit of the Mackenzie fold belt (Figure 1). Geological
studies of the northern Franklin Mountains by Cook and Aitken (1973)
showed that individual ranges within this mountain belt were formed
either by thrust plates or by anticlines aligned along dominant structural
trends. A geologic sketch map of the area, compiled by Cook and Aitken
(1973) is shown in Figure 2. They concluded that most of the northern
Franklin Mountains are probably underlain by a decollement zone within
evaporite beds of the Cambrian Saline River Formation and that tectonic
thickening of this formation occurred during thrusting and horizontal
shortening of the sedimentary cover.

However, after further studies, Cook and Aitken (1976) made an
alternative proposal that the observed structures in the Norman Range are
also consistent with high-angle reverse faulting involving sub-Saline
River strata. This interpretation is also suggested by the fact that
Protozeroic sediments are definitely invo]ved in the deformaﬁion in the
McConnell Range to the southeast (Cook and Aitken; 1973, 1976). Davis

and Willott (1978) documented a convincing case for deeper-than-Saline-River



Figure 1:

Generalised location map.

The gravity profile
starts at Norman Wells.

(after Cook and Aitken,
1973)

Figure 2:

Geological sketch map
of the northern Franklin
Mountains.

The area of Figure 3

is indicated.

Note: The Ronning Group
is named the Franklin
Mountain Formation in
this study.

(after Cook and Aitken,
1973)

L]

1342 128° 1209 e
T I BANKS | | 1
BEAUFORT SEA ' VICTORIA
700 L o VI LLI ISt | 10,
i . ISLAND .
- - :
(o] ¢ 7 2
a \ -
= 1
680 3 A 6‘°
4 <
m %
P q?,
LA - raatl?
) | = COuILL
) - ADIAN
R i ; HILLS CAN e
. D - GREAT
i 4 G sHieL
?SSMESQ S 4 '“°““4V‘., M:ég > 200
M ‘PP \' *@N S | - 1 J
S40 = oo "/@ 2 A( | sa0
YUKON ) 72\ 1, A2 v,
a * w
PLATE AU I T\ 1
/ { , A GSC\
1349 1280 1200 120

\Imperial

Vermilion &
K Ridge No.l
X&w
|
~x CRETACEQUS: Sons Soult, Slater River, Geological Contact . . .. ... ....... —~
Little Boor. & Eost Fork Fms.: undivided . Teansverse Fault . . . . .o oo v e v —
L UPPER DEVONIAN: Canol ond Thrust Foult (teeth indicate
o 2 _limperwal Formations. undivided directionof dip), . ............ -~
D LOWER & MIDDLE DEVONIAN Bear Rock. Anticling oo =~
_"™ Hume. Hare Indion, Ramparts Fms.: undivded Syncline , . ... ... il . X
(€55 UPPER CAMBRIAN ORDOVICIAN, SILURIAN: Asymmetrical onticline (plunging). , . . . A
93 saline River Fm & Ronning Group: undivided Abandoned Well , ., . ... ... ........ <
GSC

[ #_ PROTEROZOIC" undiv.ded




Table 1: Geology and physical properties of formations exposed in the

Norman Range

Formation Lithology* Thicknesg'_ Well log Measured Modelling
range ‘Density Density _ Density _
(mg x 103 kgm? |[x10*kgm? |x10® kg m™?
o IMPERIAL shale; sandstone; minor limestone 0 to 300 [2°50 < 0-20 - 2+45
w
g CANOL black shale, siliceous, bituminous 30 to 100 [2-25 ¥ 0.02 P23 %o0-01 2-25
=
E RAMPARTS skeletal-fragmental limestone; local shale 30 to 50 [2:65 ¥ 0-03 2-63 ¥ 0-03 2-64
O
ED HARE INDIAN |[shale; minor siltstone and limestone 150 2:45 T 0.20 - 2°45
* | HUME limestone, fossiliferous; minor shale 100 2-70 ! 0:04 2-70 ¥ 0-01 2-70
§§ BEAR ROCK anhydrite; dolomite; gypsum; solution breccia 230 12-90 ¥ 0-02 2.70 ¥ 0.05 290
o .
~'| FRANKLIN dolomite, undifferentiated 500 2-82 t 0.05 2-83 ¥ 0-05 2-84
MOUNTAIN ’
g SALINE shale; siltstone; salt, undifferentiated ] 400 - - 230
o RIVER (assumed)
£,
(&

*Descriptions from Cook and Aitken (1975)

+These data are thickness used for initial models.

modelling.

The thicknesses shownon

Figures 4 and 5 are

after computer



deformation in the Coleville Hills. They interpreted that the deep
deformation involves bégement faults, and extrapolated their Coleville
Hills model to include the geometrically similar Franklin Mountains.

In an attempt to resolve the depth to the decollement zone, the Geolog-
ical Survey of Canada contracted with the writer to undertake a gravity
survey with the specific objective of determining whether or not the
Saline River Formation has been tectonically thickened within the core
of the Norman Range. The general geology of the Paleozoic rocks which
are exposed in the study area is summarised in Table 1. Because salt
has a significantly lower density than the dolomites, timestones and
shales which make up the majority of the sedimentary sequence, it was
anticipated that thickening of the Saline River Formation would be
manifested by a relative negative gravity anomaly which could be
observed at the ground surfa&e.

The Norman Range was selected for the study because it can be approx-
imated to be a two-dimensional structure, and subsurface control is

available from well data associated with the Norman Wells oilifield.

DATA ACQUISITION

Fieldwork was conducted in July, 1980. One hundred and eighteen
gravity statjonswere established along a profile of 16 km length. The
profile begins on the eastern bank of the Mackenzie River, at the southern
end of the Norman Wells oilfield, and terminates to the northeast about
1 km past Oscar Creek (see Figure 3). The average station spacing was
200 m, but this reduced to 50 m in areas of irregular topography on the

lower southern slopes of the Norman Range. Access was by vehicle as far
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as Kee Scarp (Figure 3) and then by foot or helicopter over the remainder
of the profile. A cut line was established b?tweeh Bosworth Creek and
the open tops of the main range.

Wherever possible, the Tine was kept perpendicular to the main strike
direction of the Norman Range (about 1100), but local deviations were
necessary to avoid unfavourable topography. During later analysis, the
data were projected onto .- a straight line with an azimuth of 022°.

Stations between A100 and A196, and between A197 and A222 inclusive
were surveyed for position and elevation with Wild RDS self-reducing tacheometer
and stadia. The southern end of the profile was tied in to an Earth Physics
Branch gravity station at the Norman Wells airport terminal, but no closure
could be obtained because of the single profile. However, independent fore
and back sights were made to each station and the resultant station.error is
estimated to be + 5 cm in elevation and + 2 m in position. The elevation
difference between stations A196 and A197 was determined by repeated measure-
ments with a Paulin barometric altimeter, during which time a recording
barograph was maintained to monitor atmospheric pressure changes. Tempera-
ture corrections were applied and the relative e]evat{on is considered to be
accurate to within + 3 m. The relatjve position of station A197 with respect
to station A196 was determined from aerial photographs.

Gravity measurements were made with a Worden Master gravity meter.

Base stations were established along the profile and reoccupied every 1%
to 2 hours to record instrument and diurnal drift. These base stations were
later tied in to the airport base station by helicopter traverses.

Approximately 10% of the stations were independently reoccupied to check for



reproducibility which was found to be within + 1 ums™2- (1 gravity unit)

after drift corrections had been dpplied.

DATA REDUCTION

The raw gravity data were corrected fon drift and relative latitude, and
the elevation, Bouguer plate and topographic reductiong calculated assuming
a reference density of 2.67 X 10° kg'm . The Bouguer anomalies and station
data are given in Appendix 1. Topégraphic corrections were calculated
out to Hammer zone M (21.95 km).

The value of the regional gravity field was defined by correcting the
observed Bouguer anomaly at station A100 for the gravitational effect of
the Paleozoic sediments, assuming that each unit could be considered an
horizontal plate of infinite extent. Control of the thickness and density
of each formation was available from various wells which are shown in
Figure 3. As a result of later gravity modelling a small southwest to
northeast regional gradient of + 1 ums™2 km ! was also removed; this gradient

is due to the gentle westward dip of the basement.

DATA INTERPRETATION

The calculated regional field was subtracted from the observed Bouguer
anomalies to yield residual Bouguer anomalies which reflect the density
structure within the Norman Range; these residual anomalies are plotted
in the upper parts of Figures 4 and 5. - T?e graphs show that there is a
relative maximum of + 70 pms™2 near station A160 on the soutﬁérn flank of
the range (see Figure 3). Tectonic thickening of the Saline River

Formation is negated because there is no evidence of a. relative negative



anomaly over the main part of the range. High frequency scatter of the

data points, particularly towards the summit of the Norman Range, is

caused by local topographic effects and near-surface density variations.

The negative anomaly at the southern end of the profile is caused by an

increasing thickness of lower density shale sequences.

Control for the interpretation of the data was provided by:

(a)

(b)

(c)

Qutcrop geology. Good control of outcrop width and average dips

(130 to 15° SW) of sediments exposed along the gravity profile

was obtained from Geological maps compiled by Cook and Aitken
(1976). Some extrapolationof formation boundaries was necessary
in Oscar valley, where there are few exposures. .

Well data. Stratigraphic thicknesses and average densities of
the formations were obtained from wells associateq with the Norman
Wells oilfield and exploratory wells in the general area. These

data are included in Table 1.

Density measurements. Hand specimens of all the units except the
Imperial Formation, Hare Indian Form;tion, Saline River Formation,
and the Proterozoic sediments were collected during the field
studies. The dry and wet densities of three independent samples

of each 1ithology were measured and these data are also included

in Table 1. Generally the measured values agree closely with the
average densities determined from density logs except for the Bear
Rock Formation, in which the measured values are significantly
lower. This is due to the near-surface dissolution of the anhydrite
into dolomite solution breccia of Tower density. The densities

which are used for the computer models are shown in the last
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column of Table 1. A.density of 2.30 x 10° kg m ® was assumed
for the Saline River Formation since no control was available;
this value is a realistic average value for an evaporite and

shale sequence.

In addition to the above controls, various assumptions were also made
to provide constraints on the density structure in the subsurface..
These assumptions were:

(a) that the stratigraphic thicknesses were constant along the

section unless otherwise altered by the results of gravity modelling.

(b) that the formation densities were constant along tbe section.

(c) that the major structures were two-dimensional.

Since the gravit} method suffers from the inverse potential problem; i.e.
any gravity anomaly has a large number of possible solutions, the
assumptions made are justified because the models then represent the least
complex structure. .

Density models along the section were constructed from the known
boundary conditions and the various assumptions, qu the theoretical
residual gravity anomaly at each sta;ion was evaluated by a two-dimensional
gravity modelling computer program written and described by Lawton (1979).
The calculated anomalies were compared with those observed and the models
refined until a good fit was obtained between the data sets. In view of
the noise evident in the opserved data, a fit to with{n + 5 ums % was
considered satisfactory. The results of the ;na]ysis lead to there being

three possible alternative solutions to the subsurface density structure.
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These final models are shown in the lower parts of Figures 4, 5, and 6 and
the calculated anomalies are plotted above the section in each case. The
equivalent numerical data are given in Appendices 2, 3, and 4 respectively.
However, the first model (Figure 4) is considered most likely to represent
the structure of the Norman Range. .

Saline River detachment model (Figure 4). In this model, the observed

relative positive gravity anomaly is interpreted to be caused by repetition
of dense dolomites and anhydrites of the Franklin Mountain, Hume and Bear
Rock Forpations (Table 1). To place this repeat 1in its correct spatial
position relative to the anomaly maximum, a low angle thrust.fault is
inferred. Detachment is entirely within the Saline River Formation which
has become tectonically thickened in the southwestern part of the section
(stations A100 to A120) and locally thickened below the summit of the
Norman Range (stations A188 to A196). There is no involvement of sub-
Saline River sediments in this defor%ation model. High-angle reverse faults
mapped in the summit region by Cook and Aitken (1975) are considered to

be minor secondary faults off the main thrust, which requires at least 9 km
of shortening of the post Proterozoic sediment cover.

Proterozoic detachment model (Figure 5). In this model, the major structure

is inferred to be a high-angle reverse fault with the core of the Norman
Range infilled with Protozeroic sediments; i.e. the deformation involves
sub-Saline River strata. Secondary en echelon reverse faults cause addi-
tional minor offsets in the summit region. Total horizontal shortening
is only about 3 km. However, for this model to generate the relative
positive gravity anomaly which is observed, the Proterozoic sediments are

required to have a densﬁty of at least 2.84 x 10% kg m ® (i.e. a dolomite
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lithology). Although the gravity data were reduced relative to an assumed
density of 2.67 .x 10% kg m~3, the effect of a higher density in the Lower
Cambrian and Precambrian below the decollement zone would be compensated
in the removal of the regional field; the residual Bouguer anomalies would
remain essentially unchanged.

Vertical fault model (Figure 6). In this model, the Norman Range scarp is

interpreted to be caused by a vertical fault which has a throw of 1.5 km.
There is no horizontal shortening involved and the st;ucture is entirely
caused by block faulting of the Proterozoic and basement rocks. However, as
in the Proterozoic detachment modél (Figure 5), it is necessary that the
Proterozoic sediments have the higher density of 2.84 x 10® kg m 3 (dolomite
lithology). In the critical summit region of the profile (stations A182-A200),
the fit between the computed and observed data is poorer than in either of
the other two models, and further deteriorates if a more reasonable Proterozoic
density of 2.67 x 10° kg m 3 is used.

In all final models, the Ramparts Formation has to significantly
thicken where it outcrops at the Kee Scarp (stations A130 to A]42), to
enable a good fit between the observed and calculated anomalies to be

obtained. This may represent a reef to back-reef facies.

DISCUSSION AND CONCLUSIONS

The Saline River detachment model is preferred to either of the two
models indicating Proterozoic involvement because both these mode1§ require
the high density of 2.84 x 10° kg m ¥ for the Protozeroic sediments. The
only evidence to support this high density value is that Proterozoic dolo-

mites occur in the subsurface north of the Franklin Mountains (D. Pugh, personal
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communication). To yield the positive anomaly obéerved, these dolomites
would have to be at least 2000 m ?pi;k so that density variations deeper in
the section would not have any significant effect at the surface. There

is no evidence to substantiate this required thickness and density in the
Norman Rande area.

The vertical fault model is also rejected because of the poor fit
between the observed and calculated Bouguer anomalies in the Norman Range
summit region. In this area, the calculated data are the most sensitive to
the structural model inferred, and a better fit could not be obtained
without requiring a geologically unreasonable density structure.

The preference for the Saline River detachment also arises because the
final model is consistent with all the initial premises and no unsubstantiated
assumptions had to be invoked. Furthermore, tectonic thickening of the"
Saline River Formation bet@een stations A100 and A120 is also consistent
with thickening of this formation in the Vermillion Ridge Well about 35 km
to the southeast (Figure 3). The thickening of the salt has a similar
disposition to the main structural features in both areas.

Although Cook and Aitken (]976)'preferred the Proterozoic detachment
model to the Saline River detachment model because of high-angle short
disp&acement reverse faults being observed elsewhere in the northern
Franklins, it is considered here that these structures can indeed be accom-
modated in the Saline River detachment model. Those faults are considered
minor, secondary features associated with flexing of the main thrust sheet
.(Figure 4).

It is unfortunate that the gravity study has not been able to explicitly

resolve the question of Proterozoic involvement in the Norman Range
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deformation. However, the model of detachment within the Saline River
Formation is preferred, and this may be resolved when further data are
available with the development of the Norman Wells oilfield. Both detach-
ment models in fact have economic importance. The Saline River detachment
model indicates that the Ramparts Formation (main reservoir rock) extends
below the Norman Range in the lower thrust sheet, whereas the Proterozoic

detachment model favours structural traps in Lower Cambrian sands which

A

D.C. Lawton

Assistant Professor

Department of Geology & Geophysics
University of Calgary

are considered to be potential plays.
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APPENDIX 1
Station survey data, Observed Bouguer anomalies and topographic corrections

Origin is at station AlQO

Position and elevation coordinates are in metres.

Bouguer anomalies and topographic corrections are in milligal (mgal), where

1 mgal

10 gravity units.
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APPENDIX 2

Gravity modei]jbg output data

, Saline River detachment model.

Scale units are 1 s.u. = 500m

10 gravity units

Gravity anomaly values are in milligal, where 1mgal
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APPENDIX 3

Gravity modelling output data, proterozoic detachment model.

500m

Scale units are 1 s.u.

10 gravity

Gravity anomaly values are in milligal, where 1 mgal

units.
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APPENDIX 4

Gravity modelling output data, vertical fault model

10 gravity units.

Gravity anomaly values are in milligal, where 1 mgal
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