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Gravity Measurements
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Accuracy and Data Quality

1. General Peatures of Gravity Field

2. Geological Background and Density Determination
3. Interpretation Techniques

4. Results of Modelling
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Scale 1:100,000
PLATE 1. INDEX MAP of Sammon's Creek area. Index map shows the location of
nane. Exanple. line namber 16 = 56X (line
line number 207 - |o7x ﬂhu name). Shot points locations are
indicated by numbers and
PLATE 2. m-nm MAP of Sammon's Creek area, scale 1:100,00.

map. survey lines on this map are shown as
-uu.nz u-- connecting the first and last shot points of actual

PLATE 3. RESIDUAL GRAVITY MAP of Sammon's Creek area, -eu- 200,000 Wap
shows the residual Bouguer anomalies obtained as difference between

observed Bouguer anomalies and mmm-un.uughu--.zn.
Contour interval 0.5 mgal: .

PLATE 4. STRUCTURAL INTERPRETATION MAP of Sammon's Creek area, scale 1:100,000.
Map

GRAVITY MAP by matching the coordinates along the boundar
SECTION 1. LINE nm, MODEL 1, scale 1,50,000 - simplified geological cross-
section the geological formations, their demsity, the total
gravity -u.u and cbserved gravity profile along seismic lines.
SECTION 2. LINE 107X, MODEL 2, the same as for line 107X, model 1.
SECTION 3. LINE 36X, MODEL 1, the same as above.

SECTION 4. LINE 36X, MODEL 2, the same as above.
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II. DATA ACQUISITION
II.1. Base Network.

The obnerved gravity at Government Station #8549-59 (Norman Wells 3
torminal) was tied with the initial base station at SP 854 of line 46X by double
helicopter ties with average accuracy of + *

The fu:cier development of base

errors and must be used, only if it is technically impossible to use 'nnu'
method, when each base is uunnnuuuu

error of base network in our case does
itnin required limits.

temporari. . After clean-up it
nu b racner Weicult b find thels exace position, and practically speaking,
used again.

1.2 Gravity Meters.
One LaCoste & Romberg gravity meter No. G-232 was used for the entire survey.
The sensitivity funiion of the meter itnin o range of measured anomalies was
practically flat, so one conversion constant C=1.05526 was used. Typical drift
was no more than 0,005 mgal per hour. The meter worked very steadily even when
the thermostating eventually went down.
1.3 Gravity Measurements

wvas carried out by Alrborne Geophysical Survey Ltd. (Calgary)
mun' Inemontns of January - ay, 1982 (operator - M. Micombe). e following
are the principal facts about su
Reading interval - 264 m (each second shot point).
Number of independent readings at each station - 3.
Method of meter setting - on tripod, with measuring the elevation above ground.
7Total mumber of stations metered - 3146,
Total number of lin 50,
Total distance covered - 870.31 km.
WIS accuracy of single observation - 0.022 mgal. (100 check points)
cost ($)
a uux u-.u|.

b) per km 44015
o) pn station c 12,22
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1I.4 Vertical Control

pay more attention to the quality of vertical control.
I1.5 Horizontal Control

of horizontal control lies well within the specified limits.
However, the positioning for Sammon's Creek survey was presented in inconvenient
form: X and Y coordinates were given only for the start and end points of lines
and for inflection points in-between. It slowed down the in-house processing,
because we had to write a special program for linear interpretation to obtain
coordinates for each shot point.

I1.6 Accuracy and Data Quality.

The accuracy of Bouguer gravity, as a final product of any survey, is affected
by accuracy.of each variable, involved in calculation of Bouguer anomaly:

1) observed gravity

ol
4) terrain and tidal corrections.

E(Bouguer) = :t‘( ) + B2 (elev) + E2(pos) + E2(ter) + E(ei
where E = RS error.

Accuracy of observed gravity is affected by the quality of base network and
Accuracy of single cbservations, ulauuud
rvations, gives a good estimate of E(obs) and in our case
close to 0.02 mgal.

Elevations, as stated above, are known with accuracy of + 1.2 m. Using the
vertical gravity gradient of 0.3086 mgal/m, such an error will 1do
uncertatnty in gravity observation of + 0.37 mgal in Free air anomaly and
approxinately + 0.27 magal in Bouguer anomaly.

Errors in horizontal positioning about 1-2 m have negligable effect on gravity
calculations.
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hmh nmuzuu were applied only to cbservations made at

ise less than 1% of stations. The accuracy of terrain corrections is

mnnn to estimate, but we believe that errors don't exceed 0.08 mgal in
inner zone of Hamuer's cl

Tidal effect is calculated with high precision and need not be taken into

consideration when evaluating errors. Pinally we can expect the accuracy
survey to be no worse than:

and E Boug -: J(o.m + (0. n)‘o (ﬂ.nn’- 0.0797 = + 0.28 mgal

hotual accuracy vas estinated by our processing of WIS errors of Boupier
anomalies at intersections and is given in apppendix 1. Statistics show that
actual RMS error before systematic adjustments is + 0.25 mgal, which is very
close to what the
accuracy significantly up to + 0.13 mgal. The last figure indicates very good
h an accurcay, the anomalies of order of 0.3 mgal

Contouring interval of 0.5 mgal can also be
statistically justified.
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II. DATA PROCESSING
The data processing {ncluded the next major steps:
1+ Interpolation of X and Z coordinates and hand input of all pertinent

information (lines and stations numbers, coordinates and elevations, cbserved
gravity).

2. Calculation of Bouguer anomales with density 2.35 g/cm’ for each line
appendix 1)

3. Merging the line data into the Merged Survey Pile (MSF).
4. Low-pass filtering of Bouguer profiles.
of

Systenatic adjustment of all the data.
Plotting of the index map, contour raps and all the profiles.
Indexing the gravity data.
e package of final processed dara includes:
) Gravity profiles along seisnic llies at a scale of 1:50,000 (Previously sent
3 Regions),
b) Index map (shows the location of seismic lines). Scale 1:100,000 (plate 1.)

©) Bouguer gravity contour map with contour interval 0.5 mgal. Scale 1:100,000.
(plate 2)
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IV. INTERPRETATION.
IV.1. General features of gravity field.

Jiaual analysis of the mouguer gravity map reveals rather distinct and strongly
listurbed gravity field in the area. Absolute values of gravity field vary from
2 mgal to =52 mgal with relative change about 30 mgal over the distance of
about 25 ka.

The major elements of the gravity field in the surveyed area are:

= deep gravity low in northern - central part ¢ (N end ot Line 119%) wieh the
lowest values of Bouguer gravity about u

Linear
highs, separated by linear negative anomaly; these weaker highs are far apart at
the east and come closer westward, merging together west from line 23X.

sverse high gradient zones of NNW and NNE strike, almost normal
to the prevailing trend; the most significant ones are located cast from line
119X and east from 107x.

East - west orientation of major elements prevails in the area. Only at very
east and south-east one can see the gradual deviation to the S.E.

Ve 2. Geolpgical background and density determination.

The stratigraphic sequence of geological formations and their u;holo‘y in the
area can be determined from several wells drilled in the vicinity.

Surface geology of well-exposed Franklin mountains and other adjacent areas also
provides abundant geological information.

The generalized stratigraphic column in Sam. n's Creek area, from the bottom to
the top, looks as follows:

1. Precambrian. (umu-un-r Proterozoic) = A thick sequence, apparently
unbroken by unc and shales, which form the
major stratigraphic unit - athorin Group of Helikian age. Dolomites and
limestones of the Little Dal formation may be present at the very top of
Proterozoic section.

Lower and Middle Cambrian. - Shales, sandstones, siltstones and limestones of
thin (less than 100R) Mount Cap formation unconformably overlay the Proteroseic
units.

3. Upper Casbrian - Saline nm formation. This is a recessive unit
characterized by mudstones and

normal thickness is about 100m but ihis may change drastically in areas of uxz
accumulation. Contact with underlying Mount Cap formation is erosional.
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4. Upper Cambrian - Lower Ordovician - Franklin Mountain formation = a thick
sequence of carbonate straca, mostly dolomites. The formation lies -lu-unr
anuun-:uv- rod bada, whare they are present, and with a regional

where the latter is .nn. The
hickness of Prankiin m,.nm formation may reach 1000m.

. Ordivician - Silurian The typical unit is known as Mount Kindle formation.
It consists mainly of dolomites with overall thickness of 300-400m. =
6. - - is represented by thick concordant (about 1000m)
sequence of dolomites (Delorme formations) or dolomites with anhydrite (Bear
Rock formation). The latter formation alone has a typical thickness about
250-350m.

7. Devonian - includes limestones of Hume, Ramparts (or Kee Scarp) formations
and shales of Imperial formation.

8. Cretaceous - marine and non-marine classic rocks.
is 4, this sequence can

ombining its into units
of roughly uniform density. From this pont of view the lithological column will
look as follows: (from the bottom to the top)

1. Proterozoic clastics, (Katherine group)
2. Cambrian clastics and evaporites (Mount Cap and Saline River)

3, Ordovican - Devonian dolomites and dolomites with evaporites (Franklin
Mountain, Mount Kindle, Delorme and Bear Rock formations).

4. Devonian limestones (Hume, Hare Indian, Ramparts)

5. Devonian clastics (Imperial formation)

6. Cretaceous and younger clastics.

Acoustic log from three wells drilled in the vicinity was used for density
dotermination in the Sammon's Creek area. Those wells are:

1. AQUIT MOBIL AMHESS DODO CANYON u-u:' 3. u'l. 126946.13196"W)

2. TRIAD BP ARCO CC CARCAJOU L-24 *20"

3. MoD CAN GCD MAIDA CK F-57 (65°3 '7--, n w'u'l)

The results of density study is shown in table 1.

P S O S B e B . S e e i,
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taceous (classics) - 2.40 g/cc
b. Imperial (classics) - 2.50 g/cc
e Kee Scarp - Ordovician, including Hume,
Bear Rock and other (carbonates) - 2.80 g/cc
dv Saline River + Mount Cap = 2.30 g/cc

Analyzing these figures, ome can anticipate, that the Ordovician - Devonian
carbonate sequence, with a strong density contrast of 0.3 g/cc Letween it and
the overlaying clastics, and with thicknes the

gravity effect of
because of emaller density contrast between
Devonian carbonates (0.15 g/cc). Cambrian Saline River
and Mount Cap formations are rather thin and, despite thoir low density and
s density contrast (up to -0.5 g/cc), their contribution to the overall
gravity field will be insignificant.
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V.3,  Interpretation Technique

The expressive and distinctive character of gravity field in Sammon's Creek
area, the well defined trend of gravity anomalies and relatively regular seismic
coverage enable us to apply uu -u'un-a approach to the technical side of
interpretation. This approach ted of the next steps:

1+ Separation of gravity fields on ‘regional' and 'local' components.

2. Selection of some typical seismic lines which cross the well expressed
gravity anomalies, structural interpretation of these lines and comparison with
'uvuy profiles.

3. Designing of simplifisd geological cross-sections and interactive
m-u-nqu modelling.

4. Checking the geological mdal which provides a ressonable fit with baerved
gravity by other methods.

2 irnthests of cbtainad inornation into resulting interpretive map.

The following are some comments on some of those steps.

1+ Despite the obvious absance of apparent regional trend, the attempt was made K
to stress the effect from sources in Ordovician - Devonian part of Jeotogical
section and suppress the influence of one Protezoic section. For that purpose
ue applied upuard continuation of chisrved gravity tield gone £ a lavel 2
kn above the observation plane. Tt prosedure filters out high uqmy
d produces the gravity field,
be Greated only by Soaper sourcen: Consequantly, the Eedidual

which woul
gravity field, g,

the
This map
rved Bouguer gravity map (Plate 2) shows mich better
resolution and visual exprossiveness, because gravity highs here have positive .
values and lows - negative. m:upn.u.au-nu for preparation of
structural interpretive map (Plate 4).

2. Tvo groups of seismic lines were salected for gravity interpretation. The
first group includes lines 107X, 119X, 23X, and 35X as almost perpendicular to
the ngar strike and crossing the strongest and the best expressed gravity
anomalies. The second (lines 46X and 36X) represents lines which are oriented
along the major strike, but perpendicular to the sransveree (north=gouth)
elements of gravity £ield.

unr study of first group of lines, it hecame clear that all of them illustrate

tectonic pattern: two faulted anticlines on the northern and southern
ands-and a broad fia syncline in-between. The gravity profiles along those
Llines are similar 11: each of them have two gravity highs which coincide
with anticlines and a gravity low over the syncline. nn.ny, nn- 107X was
selected for modelling as being typical of the NE=SW 1 We chose line 36X
from the sacond group. Here the sharp drop in qt-vlly o the niddie part of the
Lline coincides with a graben - like structure on the saismic seution.

P s e g e B et .
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3. Tvo dimensional modelling of lines 107X and 36X, with densities defined in
1V:2, was accomplished by program POLYGRAV in a batch mode. The criteria of
quality of fit was assuned to be equal to contour interval, e

modified our models until such fit was obtained.

IVed. Results of modelling.
Line 107X (Sections 1 and 2)

The 'll'lﬁy mllll along this line contains two asymmetric (with steeper NE
s1ope) positive anomalies in the NE and SW, separated by a broad gravity low in
the middle of the line. The SW anomaly has 4 relative amplituds of about 7
maal, narrou orest and high-gradient NE slopo, which indicats 4 father shallow

. The NE anomaly is weaker (about 3 mgal) and wider (approx. 6 km). It
haa- & Folatively Flat top vith additional losal disvaransors Thioh inbioates
the presence of multiple sources.

W used the following geological formations and their densities:

Dear Rock = 2.90 '/.u
= Silurian - Ordovician - 2.7 g/ec
= Saline River - 2.45 g/cc
- Proterozoic - 2.75 g/co

geometry of model was determined from depth-converted seisaic sections.

he
Section 1 illustrates the final product of modelling with a good quality fit
between observed and caloulated data. The following observations can be made:

- The geological structure is the combination of folds and faults of different
types)
= Thickness of Cretaceous clastics increases rapidly in synclines and may exceed
1000m.
= The thickness of Imperial formation decreases toward ¥R, vhieh ispliss o
erosional contact betwoen Cretaceous and upper Devonian
- Asymnetric anticline in Devonian - Ordovician carbonates (including Bear Reok
fornation) at the SW end of pmu- has a width of about 3 km and an amplitude
aused by thrust faulting.

ne in the central part of line is 8 km wide with carbonates reaching
2 kn balow sea lavel in the st part.
- The NE wing of syncline is disturbed by several imbricate thrusts, gently
deeping to the SW. The combination of thrusts leads to the stacking of Bear

d anhydrites in the upper part of Devonian - Ordivician
carbonate section. It seems that the thrusts have their ettuh in plastic
Canbrian Saline River :or-nm and are lLaramide in age, because they obviously
disturb the Cretaceous
e model shovs. the dramatlc salt accumulation in the Saline River formation
W and NE from the trough of the central syncline, where the Saline River is
'nn-nly abgent. The assumed maximum thickness of salt may reach 1000m
between SP's 386- 400, An isolated salt dome may exist At the very NE end of
490-498) .

e
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= Top of Proterozoic lies at depth 2.5-3.0 km below sea level without any - .

regional tilt, which nuuu the apparent absence of any regional trend in the :

gravity field. The asymmetric graben-syncline with gentle NE slope and normal
| fault at SW side (1000m of mmmi is formed batween SP's 386-458.

Despite the good fit, we found this model I-lltl.llu!lry in three major point - 1
= The thickness of Cretaceous is too g yEL 5 2
= SW anticline may not necessarily 1% nnna to thrust uuxu-n it may be
caused by block movements alc deep-seat 1 faul 1

the presence of an isolated salt dome at NE end of line is questionable
(profiles end there).

Section 2 {llustrates the corrected geological model, which also

reasonable fit (the difference beteen caiculated and cbserved gravity ia st

constant value of approximately | mgal). After moving the calculated profile .

down by that amount the fit will be well within limits. In this model we ‘
’ 4included the Bear Rock formation into the Devonian = Ordivician carbonate :
section and used the next densities: )

Cretaceous - 2. '
Imperial = 2.50 '/cu .
Devonian - Ordivician = 2.80 g/cc :
Cambrian - 2.30 g/cc !
Proterozoic = 2.65 g/cc

£inal geometry of this model geologically looks more realistic than the \
first model., Calculations show that 60% of total gravity effect comes from
interface of the Cretaceous clastics and the Devonian - Ordivician carbonates.
The independent depth estimates made by using the second vertical derivative of
49 (shown by small circles on section 2) confirm that this contact is
source of gravity anomalies in the area.

e ———

The following conclusions can be drawn:

:
{
{

| 1iemMe major strustures at the upper part of Phanarotoic section can be caused
| aither by Luramid thrus

E .
:
i forces not reaching the threshold of brittal deformation (at least in upper §
! i
horizons). 4
i 2. Salt tectonics is unlikely in the area. Given the most probable density of 1
| salt leaving formations, their real thickness and depth, any tangible 'mmy t
i effect can be obtained with unrealistic exaggeration of salt thickness i
v fact that m- -u bearing formation is overlain by competent Paleozoic 4
carbonates ks against salt tectonics here. The variation of thickness H
I of Sebine Hver formation, reflested in second model, have rather erosional, s
than tectonic, nature. :
i .
i ]
p '
| .
‘
§
:
:
.
:
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2. e top of Precambrian is not flat and depicts rather prominent structures
yith amplitude 0.8-1.0 kn and 9-10 wide. However, the average depth to
Precambrian seems to be consistent, and only in the southwest ve can see the
apparent deep of the top of Proterozoic toward the Franklin Mountains.

Line 36X

Vo undertook the modeling of this line, because it crosses the slongated NNW
fegative anomaly, transverse to the major strike. Gravity values along line
drop grafually toward the SW (section3 and 4) from 76 mgal to 70 mgal. The
negative anomaly (SP's 564-604) has a relative amplitude of -1.5 mgal and is
slightly asymmetirc with a steeper SE slope.

¥ tested two slightly different models: Model No. 1 (sectiond) was based on
Uplift of Proterozoic in the NW end

Both nodels reveal that:

11 uMe local transverse negative anomaly may be caused by an asymmetirc graben
with roots in Proterozoic basement.

2. The SE flank of the graben is formed by a nearly vertical normal fault, which
penetrates into Cretaceous sediments; the MW fault dips to SE and probably does
ot reach the Cretaceous.

3:.The width of the graben at the top of the Paleotoic s about 7 kn and top of
Precambrian - 2 km, average downthrow - 300-400 m.

§- M1 horizons plunge to SE on 1000 m (top of Devonian - from -1 km to =2 km,
for instance).

V.5, Structural Interpretation

As we mentioned before, the lines select
+ Por instance, the fea

paragraph, through
interpretation maj

This
above, produces the major part of total gravity effect.
on of the contact surface determination problem,




based on relationship:

Al-#mn

where GH - change in elevation of constant surface;
g - change in gravity, caused by change in elevation;
0 p - density contrast
G - universal gravity constant

Using an average density contrast of 0.15 g/cc at the contact between Devonian =

Ordovician carbonates and overlying clastics (Imperial + Cretaceous) we obtain

mam-mnmu-:uuuuu each 100m of elevation. The same
gradient from models, where N

l’ﬂ/l"l.‘h‘hnﬂ close to theoret:

gradient of 0.65 ngal/100m and initial depth of

SP 364 of line 107X, we mwm&m-wmu—-ﬂ-onml

locations and contoured them with interval 200m. The procedure was carried out

surface reaches the surface of cbservation. Of course, accuracy

procedure is very low and one can consider this as qualitative illustration of
behaviour of the top of the Devonian carbonates, rather than an exact
quantitative interpretation.

V. Summary
The following sunmarizes the results of gravity interpretation in Sammon's Creek
area.

1. TWo asymmetric anticlines of east-west strike form the major structural
elements in the area. the tectonic

thwest. Anticlines are separated by a syncline,
broad in the eastern part (line 107X), and narrow in the west (line 25X), so
both anticlines tends to merge together west from line 25X. The axes of

the
structures plunge eastward from the surface to at least 1.5 km below sea level
and deviate slightly to the south-east.

2. The northern anticline is genetically linked to Laramide thrusts faults while
the southern one have originated by rastivation of old normal faults (Late
Proterozoic - Cambrian

3. A deep trough filled by Mezozoic rock, is present just north from thrus|
fault, where the top of Devonian carbonate may deepen to 2000m below sea level.
The shape and unm dize of this magative strusture (s unknovn bacsuse of

e of data to the west its extension can be seen on gravity map "~
unn 51X, 4sx .u e

4. Among the youngest deformations in the area are the transverse normal faults
of NE and NNE strike. These faults cut the axial lines of folds as well as
faults and displace them. Some of them may have a strike-slip component and
cause the elbow-like bend of southern anticline in the central part of the area
(NE end of lne 6X). The combination of two normal faults with matching throws
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Pproduces the graben - syncline of NNE strike, vhich cuts the northern anticline
At the intessection of 1ines 37% with line

The top of Devonian carbonates in the crest of the dome lies
at a depth of 1300m below sea levels

Se Salt movements and salt tectonics does not play any significant role here.
the minor activity of that kind only in the trough of the central

Discussion and Recommendations on Future Gravity Surveys.

mmvuy—muu this area proved to be a very good tool for tracing the
or geological structures. Howaver, there are ssveral aportant points which
u.u discussion and thorough consideration.

Data Processing.

The surface geology and seismic data show that different rock formation lie
ween sea level and surface:

tage the
processing But, if necessity arises, it can be done by hand for
specitied gravity profiles.

Data Isterpretation.

The validity of any gravity interpretation depends on the q'ul.llly of density
umn-:m The chosen densities look reasonable enough, but the
terpretation will have to be revi £ any new reliable a-uny data become
availibie: e interpretation pre: ud 48 by no means exhaustive and leaves
Lon

- true extent of salt accusulation nu rovensata;
= reet development in carbonate forma
= the degree of basement activation, b t1Lsaton and involvement.

The strong points of gravity method in this area are its ability
2 Lo Tocate bariea £olds (even at significant depth) and trace them over large
distanc
- to diatingulan batsen normal faults and thrust faults
- to illustrate the spatial and time relationship between structural n-nr.-
- to reduce the number of seismic lines which need to be shot, given tha
gravity survey is run prior to seismic shooting. The last point can i
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Allustrated by the (nnulu approximate nu:-xnun-. Lat us at us presune, that
the Sammon's Creek area of approxima 59+ kn is covered by a gravity
for which 400 n-tuu and $400,000 would be
for designing the seismic
instead of approximatel
shot. With -v-tm price u tlu 000 per kn,
total expenditure will amount to approxinately
The saving cones From
purposes - the task

Keeping in mind the high potential of gravity survey in the given '-u'uu
onvironment, we can recommend the comprehensive

ety  Survey weaf
- in

lu-u- of

nn, together with stronger

thrust, may provide us with good structural

the nu geology
ant area - about 6,000 s, . i

m-n Amal grid as our experience Ah—-.—unhlnl.luh
opter support. Survey might be carried out with visual nunu— and
Estinated cost - uoo.na. Experience in Sammon's

dent that mh--unyuu serve as a good data base
for future exploration nnnu in the region.
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The teras and abbreviations used in the adjustment statistics repors are
definad as follows:

» OF IN7. is the number of intarsc.zions on the line.
STD.DEY. Ls tho standard deviation of the iatersection misties.

SYS.ADJ. fs the systematic adjustment appiled to the 1
MRS ts cun randon scatter or average absclute sistic for each line.
W34 are bafore and after systenatic adjustment, respectivelyr.

e the orfginal oistle valuz.
te random err. Justzent.

ments the flnal-chofce




LN Wiy
TiAw" Wy

PREPY)

PER DR




AL NUMPER 0F | §res s
NUMBER OF POINTS=




e

ey

S50
SMe SIMeLE

TR YT
BT T POINTS 3 viLes

T

S-SR S R

.,.a...._.
—
S5353,

235320

A A

3337335 3E03353555
s an e p o)
Lt
ren
A3 2382
o
i
- J—
4202033353

EOERRIGAES SR

'

ETRFE PR AR S 54

33333
2233

1
A
2
3!
.
b3
o
s,

ZnIB388T
i




CVALL 1 WALL NALE eMeT. ASALE  WRE. ADLE STUTL o
Zeels 0400 2

. B —an’
ol

AVALL AsAs eaaTe ASALE T A
.33 ~0.0% - -0

doL
SESLCT 33a%
3 3 a2
7 aNessy Al

X

.

rH
-

533
£33

INE 2136 X=LINES k00 0aT.e 5 VALL A!A.' MaT. WRAF. ADJ O KTOT, AT
o 140 -0u? Zoas -0.0 -0.01 -0,
As. sEANIEe wTateoan

-0.04 -0401
M. T, ASA.&  SR.E. ADJ.E  4TOT. AT
Al I e
.l-l.m v oo

et k-x.‘n‘o vorL Ha1ee

MeT. ASA WRLEL ARI 0 STOT. AC
0 -0.02

et ERGENCE COMPLETE®Y
ONS PERFAFMIHo ¢
o ERRON <04 P1ARGE3N -0 0w
T CUAKIMAL . CONRE € T SN YRR e e e
440 LINE SIATISTICS wee

NULOF INT, ' MPSe OSAL MES. ASA
2 0.29 o

[




”n

I T s L
£ REMOVAL 0F oo
REAOVAL OF 5

s 105 (MTAN TARNCH SCATTFE) tese
AVERAGT ABSOLUIT SYST AT LC ACI0S 1




PHA00RA i dprivad

JUTTEERT -
TIwr o 0r

4
: 04100
NED AS OLD G UNIT

T OF SMe SIMP LT nugaa (
#SCONVERGENCF COMPLE TF o4
LLONS PLEEURMEDYS
SEMAXs FRROR=0.72408517 =01 e
FAXIMAL COMCCT D SUGLE Tua ok
U SIATINTICS aes

svSy Ary
BYEpAnde







ngEL - g

e T e
) veer miauTs o sauas
xéLJ[ié TEMATIC Forue Ve

TMATIC “Ror Den
i

. HOCTUUT 4T AR SO0AS
VAL “OF TYETTUATIC 0 r 0.5
WEMOVAL OF SYST MATIC & 3
[
REMOVAL OF S ¢STOMATIC T 2a0F
REMOVAL OF SYSTrUATIC “o0f
AVERAGE ANSOLUTE SYSTTMATLC AT 0% T4 NT

5 0F MISTIF:

e

(ous) WESTIE %




| ProGRA
'“" UGiazez  TiME 10i1:t)
INED AS OLE N UMIT

1rs0ns

DLEAH-M (wTEM) 08
BOCENVERCENCS CUMPLETE Y
% 21 ITERATIONS FURFLEN D44

SEMAKs ERRGA=Q.948 1552770100
PAXIMAL AR

SRV LYY

Yee LING SIALESTICS o408

e UF IR,
i

e




AVERAGE AUSCLUTE SYST MATIC aluls




TRE. 0 AN,

BEFCKE KEMOVAL LF 5¥
TER REMOVAL CF VS

AVEPAGES UF ABSULLTE MISTIES (NEAN FANDCM SCATTER) &
nhin PEMUVAL LF SYLT-MATIC LB

i RRMUVAL CF SYSTEARTIC £hoL R

AVERAGE ABSULUTE SYSTIMATIC ALLn1 e nt 1aoc




The teras and abbreviatfons used in the adjustment statistics report are

ined as follows:

NO. OF IN7. {s the number of intersections on the line.
STD.DEV. s the standard deviation of the intersection mlsties.
SYS.ADJ. is the systematic adjustment applied to the lne.
MRS 1s tie mean randon scatter or average absolute mistie for each lime.
BSA and ASA are before and after systesatic adjustment, respectively.
OR.HM.T. fa the original oistie value.
R.T.ADI. ts the random error adjustment.
FIN.CH ropresents the final-chofce value at the interssction.
her o sets of values printed for mean  tandon ssatter
0% the Tina Seatferics Tivie, the averag the botton of
oluzas, and the values under a separate numg 1rsediatel:

The averages at the botton of the column represent the averas

alues represent the
avernge ovar the entire survey.




Supplement to the raport on
SAMMON'S.

The necessity of writing this supplement arose from closer examination
seismic and gravity data over the area of future drilling location (line 23X)
and of the most confusing structural situation (line 107X). As far as gravity
1is concerned, we found that gravity effects of near surface geology are much
tronger, than we had anticipated. This occurs when carbonates of the Hume
formation (demsity 2.75-2.8 g/cc) reach the surface (for instance SP 356-372 of
line 107%), making our choice of Bouguer density n! z.u g/cc incorrest. In
such places the Bouguer gravity will be stronger than it should be, because the
attraction of carbonates with density contrast of 0.4 v- (2.75-2.48 g/cc) vas
not taken into account. The problem was mentioned in chapter VI of our report
(page 14), but only later have we realized that the difference may amount up to
5 mgals or more, depending on the size of outcrops.

The problem of variable density in Bouguer correction is a rather complisated
one and is not solved yet in general. 1In our particular case we solved the
problem by computing the gravity effect of carbonates between the surface and

sea lavel by POLYGRAV (assuning a certain geometry) and by subtracting it from
,nvuuly caloulated Bouguer gravity.

The attached (figures 1 and :. illustrate the process for lines 107X and 23X
accordingly. Here the dot-dashed lines represent the original gravity and solid
Line represents gravity, corrected for near surface effects. Note that sus!
correstion reduces the anomaly by 3.5-4.5 mgals and shifts the location of
gravity maxinun to the south-west (to the left on profile display). After this
correction was made, we created the geological models, based strictly on seismic
interpretation and onhuluul the gravity effects of these models. W purposely
4id not make any -ations of geological models in order to find out which one
is closer to the mlny. Pinally we came to the following conclusions.

Line 107X
1. The anticline model (fig. 1,a' evidently is very far from reality and must

1 L qualitively better and supports the thrust
hange our aeiginal intecpeetation ot southern
‘anomoul Now we think of it as
the second thrust, roughly p-r-u-x to the muurn one. That fits better into
the regional tectonic framework and can be confirmed by gravity and seismic data
from other lines. The appropriate change has been made in structural
interpretation map (plate 4).

SR A i O e B i . P S




W still cannot adequataly explain the observed gravity over the
betueen SP 368-388.

T 3 ich is the only low density material available.
m question of its origin - whether it has been introduced into
intricate thrust tectonics or it is a primary sedimentary feature (as we
originally suggested) - remains open.

Line 23%
1. As we can see from ﬂ!m 2 (part "A" represents our original
part " after £

" on this that to the nortneast of the thrust faults the
modelled gravity is -un MM than the observed gravity.
this by increasing

is an a4 hoc arguement, but we have no batter explanation.

2. In terms of the drilling decision for the proposed well on lina 23X, the
major question as we see it is where the thrust fault is just NE of the proposed
location. We place it where we do (reaching the
inflection point the observed gravity, the bre

rbonate outcrop as defined by -hnlheh logs. It could be up to S shot points
farther to the northeast, but we doubt it. The depth at which the drill will
intersect the fault plane cannot be constrained '1 quvlty modelling, AXEM\I"I
we believe our model is the most reasonable pictu: However, gi
uncertainty of the interpretation and the need to l.- where the m fault
plane is in order to establish a regional interpretation in which one can have
confidence, we suggest that the well be planned to intersect the second fault
plane if that is within reach of the rig chosen. There is always a small chance
of thin Cambrian slice being repeated, but we believe £
for a deep well is (1) the risk of error in nt_inf ti
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1. IMmmcTion

The Samon's Creek project is located SSkm west of Noman Wells, Dis-
trict of Mackenzie, Northwest Territories (see acoonpanying nap). The
project is geographically bound by the Mackenzie River to the orth,
Three Day Lake to the east, the Carcajou Mountain Range to the south
and Mountain River to the west. The project is located within the
northeast comer of the physiographic sub-province of Mackenzie Plain,

The project imm-nl-&e-ﬂ-whyuwr—. The gravity pro-
gram vas run essentially along the seismic lines. The programs vere
approxinately split into halves by the Carcajou River. The north half
18 on relatively flat lying area (fram 40 meters to about 200 meters
above sea level) with easy access. The southern half has diverse ter-
rain. The Inperial Hills with maximm elevation of just less than 600
meters is almost inaccessible. Walker Creek and Rankin Creek run into
the Carcajou River. ALl three cut steep escarpments into the topogra-
phy. These factors dictate, in part, the program layout and field
operations. The majority of the tinbe: here is light spruce, pine and
willow.

The project abjective is to evaluate PEX acreage and to obtain general
subsurface information of the area. Target zone is the basal Cambrian
sand. A total of 837 kilameters of seismic was shot and 870 kilameters
OF gravity vas run. Seisnic was shot by Western Geophysical Company




of Canada Limited under the supervision of Mr. Reid Gray of Petro-

Canada Exploration Inc. and Mr. Bill Quirk of Western Geophysical

Linited, The gravity vas run by Mr. Mike McComb of Airborne Geophys-
ical Surveys Limited. The field operation was co-ordinated by party
manager Mr. Ross Brown. Dozing operations were co-ordinated by Mr.
Dean Borek of Borek Construction.

Start up date of the crew was December 28, 1981, Normally 63 men were

involved in all phases of the field operation including the expediting
service in Norman Wells. All aspects of operation ere finished by
pril 23, 1982,




The geophysical equipment, dozers, camps and spare parts were assembled
at various locations, in Alberta and at Dawson Creek, British Columbia,
after August 1, 1981. The physical trucking of the various units, plus
parts, took place during the latter part of August and tho first half
Of September. Northern Transportation Company Ltd. had given a tenta-
tive barge departure date of September 15, 1981 and the canplete seis-
mic package was "on site" at the Hay River depot by that deadline.

The departure date was postponed due to the extremely low water levels
in the Mackenzie River, This problem resulted in an extreme backlog in
river traffic downstream fram Norman Wells. A major concern of
N.T.C.L.'s people in Hay River was the possibility of running aground
near Raider Island. This island is approximately five miles downstream
from Norman Wells with the navigable channel being very shallow even in
normal years. The original staging permit was applied for under Land
Use Permit N81B586, and related to the Maida Creek area, which is
forty-eight miles downstrean fram Norman Wells. The Raider Island
problem dictated that another staging area be located upstream from the
island. A site was located, directly across river fram Noman Wells
and upstream from Bear Island. The water passage to the area was depth
sounded in a small recreational craft and sufficient bottam clearances

were found for the barges to land.
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The N.T.C.L. barges were loaded September 28 and 29 with the sefsmic
package plus 97,000 1itres of diesel fuel. The departure occurred
September 30 with the arrival at Norman Wells on October 6, 1981, The
“tow" was somewhat delayed due to strong winds on Great Slave Lake.

Western Geophysical representatives arrived at Norman Wells at the end

of September in order to prepare the equipment for barging and scout

for an alternate staging site, as mentioned previously. The town clerk
was contacted verbally by Bi11 Quirk 1n regard to the alternate staging
site, after it was definitely known that the Raider Island problem
would not allow river traffic downstream. The formal staging request
was made October 20, 1981 by Mr. G. McCormick of Petro-Canada

Exploration Inc.

Borek Construction Ltd.'s dozing personnel arrived on October 6 and all
personnel were flown to the staging site by helicopter. The complete
package was offloaded by October 7 including fuel and the Norman Wells
ased equipment. Fuel storage tanks were moved inland in order to be
Yess visible from the river. The sleigh mounted trailers, sloops and
storage units were "blocked up' and abandoned in position for startup
during the post-Christmas week. The security of the area was maintain-
ed by the onslaught of winter unti1 December at which time a Western

representative was on hand at Norman Wells.




‘The Norman Wells expediting operation was mobilized in early December.
‘The expediting service consisted of two expediters, one truck, one
Ardco Buggy Model "K" (with a snowplough), telex, telephone, cammunica-
tion radios, and a mobile trailer used for office and sleeping quar-
ters. Whenever possible crew members in transit stayed in this
trailer. FPuels, foods, explosives, and other essential supplies were
co-ordinated by the expediter for the field operation.

The "start up" crew arrived in Norman Wells on December 28, 1982 with
the majority of the crew following on January 3, 1982, The next few
days were spent starting all the equipment, and preparing for work. At
this time work had begun on an ice road, This ice road took off from
an existing ice road that ran between Goose and Bear Islands; it joined
the mainland again on the Canol Road. Until this ice road was cample-
ted the operation vas dependant on a helicopter.

After same initial difficulties, snowploughing and line cutting opera-
tions began on line 57X on December 30, 1981, Drilling camenced on
January 6, 1932 and the recording crew got underway on January 9. With
the campleticn of the ice road, all fuel, explosives and food were
transported vis truck or Ardco bugay.

In mid-Pebruary the creeks in the Canol Lake area began to flow and cut
Off the access to town. As a stop-gap alternative, an ice road was

built on the Mackenzie River up to Maida Creek. Due to the steep banks




on the river the fuel truck was unable to get off the river unless
assisted by a dozer. Another approach was also built on the end of
1ine 119X, but with the same result. At this point a fuel train was
utilized to haul fuel from the river. All other supplies were flown
in. Field strips were constructed on lake ice. Aircraft control was
assisted by the use of an air-to-ground radio.

In late Pebruary a detour was cut around Canol Lake. This detour uti-
1ized existing cut lines for the most part, and joined up with the
original access route. It was used primarily by the fuel truck, as it
cut down the distance for the fuel train. However, due to the distance
from town, all other supplies were flown in, Once the crew recrossed
the Carcajou River, the land access route was used for the remainder of
the prospect.

Explosives, drill bits and a portion of the gear oils and lubes were
obtainable in Norman Wells. Vehicle repair parts, etc. were purchased
in Calgary. Food supplies were purchased fram a local supplier in
Norman Wells.

Key personnel were cbtained fram Calgary, Edwonton, Inuvik, and Peace
River. Native residents of the northern territories were fram Fort
Norman, Norman Wells, Fort Good Hope, Inuvik, and Fort McPherson.
Native residents canprised 30 - 354 Of field personnel. Time Off

periods were on a self-determination basis subject to the availability
©of replacement personnel.




The crew fuel consumption per day was 6364 1itres of diesel fuel and
182 1itres of gasoline. Fuels and lubricants were purchased from a
bulk station n Norman Wells.

A commercial air carrier, P.W.A, was utilized from southern Canada to

ship men and parts to Norman Wells. The reverse was the rule upon
completion of the winter's season. A Porter, and a Cessna 185 were
utilized on a charter basis. These aircraft transported explosives,
personnel, food, and parts. Personnel movement on time-off periods
used both commercial carriers and chartered aircraft.




January 3, 1982
January 9, 1982
april 18, 1982
April 19, 1982

101 Camp (Jan.9-Apr.19)




*usable production locations only

**Includes all footage drilled and explosives lost due to cave-ins.




Sub-surface Coverage
No. of Groups
Group Interval
Geophone Array
Seismameters per Group
shot Point Location

Holes per Location 1
Hole Depth 18 metres
Dynamite Charge 2 kilograms (single cap)

The cable layout was 1584-33-0-33-1584 balanced spread with shot points
located on the group flags. A 33 metre gap was used on either side of
the shot point. The shot point seismameter was placed 3 metres from

the shot hole. Group 1 was always to the north or east of each line

shot. All shot holes were fi ad by radio signals with the recording

instruments the master unit.




Record quality ranged fram poor (Hoosier Ridge) to good throughout the
course of the survey.

Flagging for survey control, shot hole, and geophone locations was
removed by the recording personnel after each line was shot.

Aluninum tape tags were nailed to a tree near the shot hole location by
the shooter. ALl tags indicated the land use number, line number, and
shot point mumber of the location.

Due to program additions towards the end of the prospect, it was
necessary to run a second shift on the recording operation. The double
shift ran for 26 days, from March 23 to April 18, Without the second
shift it is doubtful if the crew would have finished before break up.

Western Geophysical instrument tests were run in Calgary prior to the
recording package being shipped. Western instrument tests were run
every 15 days and sent to Houston for processing.

No specific Petro-Canada instrument tests were requested.

Data processing and interpretation was handled under the diraction of
Mr. King-Hoi Lau of Petro-Canada.




DRILLING

Initially six drills were positioned on the crew. Three of these were
air conventional drills; one was an air/water cambination conventional;
and two were air/water cambination top drives. Late in January one of
the top drives was replaced by an air conventional and late in February
another air conventional was added. Shot points were all single holes
at a depth of 18 metres. All production holes were preloaded with two
kilograms of Geogel 60 and tamped with the cuttings. No holes were

drilled on lakes or near watercourses and when applicable the shot

point was skidded to maintain continuity.

Drilling formations varied fram hard limestone or gravel with water
seams to soft shale or wet clay. While the majority of the prospect
was drilled with air, the air/water conventional was needed on lines
23X (at the base of the escarpment) and line 37X; here this rig was
double-shifted in an attempt to keep up with the other drill: The
air/water combination top drives proved their versatility and were
particularly useful in the sticky clay formations.

Bit consumption was .41 bit per hole at an average cost of $92.52 per
bit. Drill bits used were heavy duty starters, inserts, and rock bits.
One carbide-tipped button bit was tried on the hard limestone of the
escarpnent, but was not deemed useful. The sizes ranged fram 3-1/2" to
5-1/8".
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Three Wild T-16 theodolite survey instruments were used for horizontal
and vertical control. A Distomat D14L was also used for control
throughout the prospect, especially in the more difficult terrain. An
inordinate amount of survey and helicopter time was spent searching for
benchmarks along the Mackenzie River. These were virtually impossible
to £ind and satisfactory survey control for this prospect was a
problem,

. Doug Conacher, head surveyor, and Mr. Greg Sinclair, second
surveyor, along with two experienced rodmen comprised two complete
survey crews. 1In late January a fifth survey helper was brought in.

Shot point and geophone group location distances were derived by
chaining. Pin flags marked the geophone and shot point locations.

Chainage notes were kept for each line and forvarded to Petro-Canada
with the record shipments.

New cut line locations were derived from topographic features and sun
shots. When a helicopter was available the machine was used for a
"Line of Sight" to set off the dozers. Station elevations were

computed by stadia and horizontal locations by latitudes and




departures. The 1ines were plotted on base maps obtained from
Petro-Canada and a1l original survey notes, location sheets, closure
sheets, base maps and final report maps were forwarded to Petro-Canada.

The final horizontal presentation was in the U.T.M. grid and all survey
work was performed in the metric system.

oozine
Only one-quarter of the prospect was existing 1ine; the remaining line
was new cut and the majority of lakes encountered had to have detours
cut. The line was cut to a 9 metre width with the slash windrowed to
one side of the trail and compacted by the dozers. Where timber
density warranted, the slash piles were broken about every 305 metres.

Creek crossings were snow fi1ls which were removed after completion of
the shooting.

Six dozers were assigned to the operation. Three D-7's cut and cleared
the 1ine; Two D-7's moved camp and did 1ine clean up, windrowed the
slash and removed creek crossings; One D-7 worked the fuel haul. Four
of the six dozers were double shifted; the second shift ended April 8,
1982.




Land Use supervision was handled by the land use officer of the
Department of Indian and Northern Affairs. The permit was {ssued by
the Yellowknife office. Prior to the land use permit being issued,
meetings occurred in Fort Good Hope, Fort Norman and Norman Wells, with
the representatives of Petro-Canada, Land Use, and the native interest

groups of the area. This meeting resulted fn the conditions being

drafted into the Land Use Permit.

A separate staging and access permit was obtained for the area around %
Canol Lake which was covered by the Norman Wells Block Land Transfer.

Field representatives from the N.W.T. Land Use Department and represen-

tatives of the Hunters and Trappers Associations of Fort Good Hope,

Fort Norman, and Norman Wells visited the field party and saw the ]
actual field work performed. The Norman Wells Land Use Office, under .
the direction of Mr. T. Rudolph and Mr. A. Williamson, was responsible

for the area.

Dozers used "shoes” on the dozer blades to elevate the "cutting edge”.

This procedure resulted in a minimum of six inches of snow cover on the g
tundra. A1l flagging, lathe, and survey markers were removed from the

surface behind the recording crew. Garbage, waste lubricants and other

disposals were incinerated in a forced air, fuel fired, incinerator.

The ashes and residue were then buried in garbage holes drilled near

the various camp locations. A native monitor stayed with the crew to

observe the operation while fn the Fort Good Hope area.
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Final plans of the new cut 1ine, campsite locations and access routes
were submitted to the N.W.T. Land Use Office upon the termination of
the Sammon's Creek survey.




Western Geophysical Company of Canada, Ltd.
2612 - 37 Avenve N.E.
Calgary, Alberta

Airborne Geophysical Surveys Ltd.
4215€ - 11 Street N.E.
Calgary, Alberta

Borek Construction
10401 - 10 Street
Dawson Creek, B.C.

Arctic Circle Enterprises Ltd.
Fort Good Hope, N.W.T.

Double R Drilling Co. Ltd.
RR. 1
Spruce Grove, Alberta
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DFS V.
DFS V

ERC-10C

Input=Output Encoder/Decoder
Geo Space Canada Ltd. 660 feet
with 55 foot group interval

12 outlets per cable

Geo Space Canada Ltd. Model 200-10 Hz.
670 OMM coil

9 @ 56 metres Array

CF-110 Hillbrand C-1000 Air/Water
CF-110 Mayhew Model 1000-Air
CF-110 Mayhew Model 1000 Air/MWater
FN-110 Gin Poles

110

110

F-250 4x4

Ardco Buggy Model *K* Snow Plough
Ardco Buggy Model "K* Crew Cab

-8
1
1
1
4
1
2
2
B
1
2
1
1
1
1
1




No. Use

CAMP_- DRILLING

1 Kitchen-Diner

1 Uity

1 Office-Sleeper

2 Sleepers

1 Power-Shop-Storage

2 Fuel Sloops (27,275 1itre)
1 Powder Magazine

CAMP_- RECORDING

Kitchen-Diner
Power-Shop-Storage
UtA1ity-Sleeper

Sleepers

Incinerator

Fuel Sloop (13,638 11tre)

DOZERSCREWS

VEHICLES

6 DIF Caterpillar Tractors

1 FN-60 Nodwell

R T

Sleigh mounted

Sieigh mounted
Slefgh mounted
Slefgh mounted
Sletgh mounted
Sleigh mounted
Slefgh mounted

c/w hydraulic blades,
winch and mushroom shoes
Foreman's Vehicle




Kitchen-Diner-Sleeper
Sleeper-Utility
Shop-Power Unit

Fuel Sloop (9092 1itres)

FUEL HAUL CAMP

1 Kitchen-Diner-S)eeper-Power Unit
3 Fuel Sloops (38,640 1itres)




7 - Drillers (includes relief personnel)
7 - Drill Helpers (includes relief personnel)
1 - Driller Mechanic

1 - Party Manager

1 - Assistant Party Manager
1 = Clerk-Supplyman

2 - Mechanics

1 - Mechanic's Helper

1 - Expediter

1 - Expediter's Assistant
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GRAVITY DATA AQUISITION
1.  Base Network

The observed gravity at Government Station #8549-59 (Norman Wells
afrport terminal) was tied with the initial base station at SP 854 of
Tine 46X by double helicopter ties with average accuracy of + 0.01 -
0.02 mgal.

The further development of base network was accomplished by
"step-by-step” method, when each previously set base was used as the
reference for the next one. Theoretically speaking, this method
fnevitably leads to accumulation of errors and must be used, only 1f ft
15 technically fmpossible to use "radial” method, when each base fs
tied with a main base by independent ties. Actual RMS error of base
network 1n our case doesn't exceed + 0.06 mgal, which 1ies well within
required 1imits. However, such good accuracy can be considered as a
matter of luck, because the 1ast base was not tied back to Norman Wells
(the 100p was actually closed on one of the first bases close to the
inftial base at SP 854, 1ine 46X). There were twenty-eight bases
altogether. Usually they were located and temporarily fixed at sefsmic
Tines intersections. After clean-up it will be rather difficult to
find thefr exact position, and practically speaking, they can't be used
again.




2. Gravity Meters

One LaCoste & Romberg gravity meter No. G-232 was used for the entire

survey. The sensitivity function of the meter within range of measured
anomalies was practically flat, so one conversion constant C=1.05526
was used. Typical drift was no more than 0.005 mgal per hour. The
meter worked very steadily even when the thermostating eventually went
down.

3. Gravity Measurements

The gravity survey was carried out by Afrborne Geophysical Survey Ltd.
(Calgary) during the months of January - May, 1982 (operator - M.
McCombe). The following fs the principal statistical summary of the

survey.

Reading interval - 264 m (each second shot point).

Number of independent readings at each station - 3.

Method of meter setting - on t~ipod, with measurement of the el
above ground.

Total number of stations metered - 3146.

Total number of lines - 50.

Total distance covered - 870.31 km.

RMS accuracy of single observation - 0.022 mgal. (100 check points).

RO



Vertical Control

Western Geophysical Survey Ltd. carried out both the elevation and
horizontal surveys. Elevations were provided to operator with
significant delay in time, so no gravity reduction was done in the
field. The survey specs required the closure to be no more than 0.9
meters. We estimated the final accuracy of survey by RMS error of
misties at intersections, which provides an independent and exhaustive
control. Such a statistic shows that RMS error of misties reaches +
1.20 meters, which is above the specified 1imits. Fortunately enough,
1t doesn't affect the accuracy of gravity data, as it follows from
statistics, but, given the same contractor in the future, we shall pay
more attention to the quality of vertical control.

5. Horizontal Control

The accuracy of horizontal control 1ies well within the specified
1imits. However, the positioning for Sammon's Creek survey was

presented in inconvenient form: X and Y coordinates were given only

for the start and end points of 1ines and for inflection points
in-between. It slowed down the in-house processing, because we had to
write a special program for linear interpretation to obtain coordinates
for each shot point.
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6. Accuracy and Data Quality
The accuracy of Bouguer gravity, final product of any survey, is
affected by accuracy of each variable involved in the calculation of
Bouguer anomaly. They are:
1) observed gravity
2) elevation

positioning

terrain and tidal corrections.

ev) + ES(pos) + ES(

Accuracy of observed gravity is affected by the quality of base network

and systematic and random meter errors. Accuracy of single
observations, calculated from double observations, gives a good
estimate of E(obs) and in our case s close to 0.02 mgal.




Elevations, as stated above, are known with accuracy of +1.2m. Using
the vertical gravity gradient of 0.3086 mgal/m, such an error will
provide uncertainty in gravity observation of + 0.37 mgal in Free air

anomaly and approximately + 0.27 mgal in Bouguer anomaly.

Errors in horizontal positioning about 1-2 m have negligible effect on
gravity calculations.

Terrain corrections were applied only to observations made at very
rough terrain and comprise less than 1% of the stations. The accuracy
of terrain corrections is difficult to estimate, but we believe that
errors do not exceed 0.08 mgal in inner zone of Hammer's chart.

Tidal effect 1s calculated with high precision and need not be taken
into consideration when evaluating errors. Finally, we can expect the
accuracy of survey to be no worse than:

Eobs =+ 0.02 mgal
E elev = + 0.27 mgal
€ terr = + 0.08 mgal

4 E Boug = + [0.02) + (0.27)2 + (0.08) = 0.0797 = +0.28 mgal




Actual accuracy was estinated by our processing of RMS errors of
Bouguer ancmalies at intersections. Statistics show that actual RMS

error before systematic adjustnents is + 025 ngal, which is very close
to what we previously estimated, Systematic adjustments improved the
accuracy significantly up to + 0.13 mgal. The last figure indicates

very good quality of survey. With such an accuracy, the ancmalies of

the order of 0.3 mgal can be considered as real. Contouring interval

Of 0.5 mgal can also be statistically j stified,




The seismic data recorded was processed at GEOX Systems Limited
(Calgary). The processing procedures are as follows:-

1. pemultiplex

2. Anplitude recovery
spiking deconvolution
structural static corrections
Prelininary normal moveout corrections
Surface stack residual statics
Trace kills

Statistical surface consistant statics
Final normal moveout corrections
Cross correlation
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The 1ines are processed at 2 mi111second sample rate. Amp)itude
recovery includes both spherical divergence and attenuation
corrections. Deconvolution tests were run whereby a 60 mill{second
operator length and 13 prewhitening were chosen. Structural static
corrections including elevation, weathering and drift corrections done
by GEOX Systems Limited were applied with sea level datum and 3506
meters/second as replacement velocity.

Normal moveout analysis was done using common offset stacks. Surface
stack residual statics were hand picked and applied to the data. Bad
traces were killed. Further autostatic adjustment and normal moveout
analysis were done to refine the necessary static and dynamic correc-
tions. Data were then muted, gathered and stacked. A time variant
final filter and time varfant scaling were applied. Migration in the
K-K domain was done where required.

Gravity data processing included the following major steps:

1. Interpolation of X and Z coordinates and hand input of a1l
pertinent information (1ines and station numbers, coordinates and

elevations, observed gravity).
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Calculation of Bouguer anamalies with density 2.35 g/cm3 for
each line.

Merging the line data into the Merged Survey File (MSF).
Low-pass filtering of Bouguer profiles.

Calculation of intersection statistics.

Systematic adjustment of all the data.

Plotting of the index map, contour maps and all the profiles.
Indexing the gravity data.




VI. INTERPRETATION AND RESULTS

The stratigraphic column of the Sammon's Creek area consists of
Proterozoic, Cambrian, Ordovician, Silurian, Devonian and Cretaceous
units (Fig. 1). Tedji Lake gas discovery have encouraged exploration
activities in Northern Interior Plains for Cambrian sand play. There
s no Cambrian section exposed in the project area. It is found
outcropping along the Mackenzie Mountain front to the south.

Major structural features in the project area is the Imperial
Anticline. It 15 believed to be a Laramide structure. It runs along
the Imperial Hills east-west wise before turning southeast as it

approaches the Carcajou River. The arcuate form is typical of the
structural style found in the area. The oldest unit found exposed
along the anticline fs the Ordovician-Silurian Mount Kindle carbonate.

Most of the seismic 1ine were shot as dip 1ines across the anticline.
Data quality is generally good when the drill hole bottomed in clastic
rocks. Where carbonate outcrops or is close to surface, the data
quality deteriorates to such an extent that only incoherent noise is
observed in general. This created problem in correlation of events
across the anticline. Carbonates crop out almost continuously along
the anticlinal axis where seismic 1ines were shot. The deeply incised
Carcajou River also prevent good continuous coverage. A few lines gave
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reasonably good data and subsurface coverage across these two obstacles
( Tines 105X, 107X, 7X/117).

Two horizons were mapped. They are base of Franklin Mountain
(Cambrian-Ordovician carbonate) and top of Proterozoic. Base of
Franklin Mountain s a good mappable reflector due to strong velocity
(and density) contrasts between the carbonate and the underlying
clastics or salt. The event 1s tied into the Dodo Canyon K-03 well.
No well has penetrated the total cambrian section in the general area.
Top of Proterozoic fs determined on the basis of truncation of event:
It is best shown on the west end of 1ine 46X.

Correlation shows that a "wedge" exists between the base of Franklin
Mountain and top of Proterozoic (see 1ine 105X). The zero edge of this
“wedge" is located on the north side of the Imperial Anticline (mainly
north of Carcajou River). The "wedge" thickens rapidly to over 900

millisecond (2-way time) underneath the surface anticlinal position.

Using an estimated 4500 meters/second, 900 millisecond converts to a
thickness of 2025 meters.

A number of geological possibilities may lead to the formation of this
"wedge", such as: a) an erosional wedge, b) salt tectonics,

c) thrusting, or d) any combination of above. From interpretation of
the seimsic data, the observed overall configuration of seismic events
can be simply explained by the occurrence of a blind thrust. However,
the ramp between the main lower and upper detachment surface is not




observed in the seismic coverage obtained. The postulated lower de-
tachment surface being within the Proterozoic while the upper one is
between the base of Franklin Mountain and top of Proterozoic. With the
blind thrust model, the various folds and faults as observed on surface
‘exposures can also be easily correlated with the subsurface configura-

tion.

The blind thrust mode) led to the interpretation of the formation of
duplexes as shown on 1nes 7X and 34X. The triangular shaped geometry
as seen on migrated portion of 1ine 7X can also be explained as the
remnant of the original leading edge of the blind thrust rather than
the existence of a depositional pocket.

If the blind thrust model s correct, the stratigraphic contact at the
roof thrust and the floor thrust would control the structural position
of the Cambrian sand play. Aitkeen and Cook (GSC paper 74-13) reported
the existance of a low angle thrust slice of Proterozoic Katherine

group separating Saline River Formation from underlying Mount Cap For-
mation at the head of the south fork of Katherine Creek. In this case,
the Proterozoic section will be penetrated before reaching the Mount
Cap sand. If the roof thrust is underneath the Cambrian Sand section,
there will be no Proterozoic section above the Cambrian sand. If, in
the former case, the Cambrian sand was brought up with the Proterozoic
slice, a multiple Cambrian sand play may be present.




However, the other possibilities 11sted earlier cannot be ruled out nor
the existance of a blind thrust proven until it s tested by drilling.
Within the area, pos: it Kee Scarp Reef or basal Cretaceous

sand play may also ex

The gravity survey runs essentially along the seismic lines. Bouguer
gravity map (plate 2) and residual gravity map (plate 3) show similar
trends to the surface structural trends. The Cambrian to Devonian
carbonate sequence is the dominant cause for the gravity anomalf. A
structural map on the top of Devonian carbonates was made since it is a
boundary of significant density contrast and accounts for a major part
of total gravity effect.

Originally two 1ines were being modelled. They are lines 36X and 107X.
Line 36X showed the calculated gravity of both section 1 and 2 fitting
the observed gravity well. However, problems exist in model1ing 1ine
107X, Sectfon 2 of 1ine 107X has a more reasonable geological picture
and fits the seismic better, but the calculated gravity does not fit
well as section 1.

As mentioned above, the carbonates have a dominant effect on ravity.
The Bouguer correction was made using a constant density of 5
gn/c.c. It was found that the carbonate effect is more than antici-
pated, line 107X was remodelled and 1ine 23X was added onto the
modelling 1ist.

|
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Two uncertainties exist. One is the geometric construction of the

subsurface geology. The other is the density of the Precambrian sec-
tion. The observed gravity is the measurement of a three dimensional
effect of depth to varfous density units and their horizontal extents.

Figures 1A and 1B show two remodelled interpretations of 1ine 107X.
Effort was made to fit the models to possible seismic interpretations.
Both models encountered problems at the location where the wedge is
present. The calculated gravity is too high for both models at the
"wedge". Figure 1A assumes a simple anticline with the "wedge"
underneath, while figure 1B assumes a thrust with a remnant wedge.

For 1ine 23X, figure 2A has a better fit between the observed and cal-
culated gravity while figure 28 shows quite a discrepency. The former
model was made to fit the observed gravity while the latter model was
derived from the seismic section. North of shot point 580 in figure

2A, the sand-shale and carbonate density boundary has to be lowered by
1,000 meters in order to get the calculated gravity to fit the observed
gravity as shown fn figure 28. This means a 300 millisecond difference

on the seismic section or a drastic increase in velocity. The density
and velocity of the carbonates and the above sand shale sequence are
quite uniform from the few wells observed in the area. The cambrian
section 1s expected to be relatively “thin" here i.e. the gravity con-
tribution fs small. A lowering of the density from 2.4 to 2.3 gm/c.c.
sti11 cannot explain the 10 mi111gal difference between the calculated
and the observed value. By the process of elimination, we must have

i
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a rather thick and low density Precambrian unit.

The problem of the carbonate outcropping, the three dimensional effect
and unknown density units 1imit interpretation based mainly on gravity.
It does, however, augnent the seismic interpretation. On the whole,
the gravity seems to support the overthrust model of the seismic
interpretation.

vate: 83
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Enclosures
1. 3 Time Structure maps:
a) Top of Proterozoic -
b) Base of Frank1in Mountain-
c) Top of Kee Scarp
46 seismic structure sections (with both normal and reve
polarity) as per attached list
14 migrated seismic sections (normal polarity only)
50 gravity profiles.
8 gravity model sections
Gravity maps - 1 Gravity base map /
1 Bouguer gravity map !

1 Residual gravity map '
1 gravity structural interpretation map/
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