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This study is a follow up tc work done by Brogan (1988) on
the Liscomb Satellite Pluton of central Nova Scotia. The Liscomb
Complex and the surrounding metasedimentary rocks have been

mapped using geological data accumulated through field mapping of

Nova Scotia (Keppie, 1979: Buijak and Donohoe, 1980; Giles and
Chatterjee, 1887). However the location of the Liscomb Satellite
Pluton had vet to be accurately determined. Figure #1 shows the

regional geclogy of the
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Figure #1. Regional geology of the study area.
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igure #2. Contour map of the observed gravity values 6
From PFrocan, 1088

area (Figure #2) using both a 2.5 dimensional modeling program

h

\J

(Magrav), and a 3 dimensional modeling program (Threed). Magrav,
f

vitational effect

(3}

0

the 2.5 dimensiornzl prograrm. calouisrtes the gr

Q

(
-

of a buried n - sided polygon with a limited half-strike length.

Figure #3 (Brogarn, 19E&; shows & norih - south crosse  section for
a pluton with & density contrast of -.08 g/cm with the

gsurrounding host rock (metasediments), & half strike length of
1.5 km, and a depth to the top surface of zero - indicating an
outcropping body. The 2.5 dimensional model which Dbest fits the
gravity data has steep boundaries, and reguires no connection to

the Main Liscomb pluton to a depth of at least 13 km. A
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FIGURE #3. 2.5 dimensional model for a north-south
cross section, after Brogan ,1988.
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2.5 dimensional model should only

be used as a first approximation of the Pluton dimensions.

Threed - the 3 dimensional

program - models the pluton as a

number of vertical prisms with variable dimensions and depths.
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Brogan (1988) modeled the data
oval, upper surface, an east -
north - south strike length of

least 20 km in depth, and

as a pluton

west

3.5 km.

anv attachment to the Main Liscomb

Complex is at a minimum depth of .%

a density contrast of .17 g/c

Uil oS U N )

X

L
18-
. & !

km.

26 25

M

body extends

The best
Figure #4 shows

for the modeling. Brogar (1¢%5) arproximated the

with a concave-down,

strike length of 4.0 km and a

fit model uses
the prisms used

pluton by
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Figure #4.3 dimensional model from Brogan,1988.
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- the lack of uniqueness of a gravity field because ¢ this

summation of the subsurface sources means that an infinite

L]

different geological configurations can be

(=)

number of
constructed from identical gravity profiles.
This second point by Dobrin and Savit (1988) is over
emphasized because the geology of the area places limits on
possible subsurface geology.

An additicnal oproblem in the 1887/88 gravity survey carrisd
sut by Brogan is that due to limited access, no traverse
completely ran the entire length or width of the body . Also the

)

gravity field associated with the Main Liscomb Complex to the

Satellite Pluton. These problems cast some doubt into the
accuracy of mapping using gravity surveying alone.

Also influencing the wvalidity of the gravity data 1is the
sble thickness of ti1ll. Brogan (1988) ignored the effect the
111 thickness has on the gravity values. The uncertainty in the
gravity interpretation because of +the till could be reduced 17
there was a reliable estimate of till thickness and knowledge of
the variation in thickness over the study area. Hefraction
seismice can guantify the thickness of the glacial till (depth 1o

the pluton) and thus allow for the determination of the till s
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dependent on density, the .17 g/cc contrast may result in a

difference in seismic velocity. However, differentiating granite
from metasediment mav not be possible from their velocities.
Table #1 shows the range of velocities for different rock types
versus their fregquency of occupance. Grant and West (1965)
determined a ide ra > veloecities for granitic and
Velocity (kft/sec)
[ 5 10 15 x 25
T T T H
> .ﬁ. -
g Alluvium, P A\ / \
; clay, etc P \_ ‘!:;:1; /Gramlcs \
Z ndsiones \\dolo " / meta-
© ; shales © “mites K morphics \
& s A . / N —
: AY i \
: A 3
/ : \ RESLERL
X S
,I\\\J, , / \ ~,.v'\van ydrites
/ ot ERAN
Vi SN x// ? 1 —~
] 2 3 4 5 6 7
Yelocity (km/sex!

Table #1. Velo

o . 5 - E - 1 i o T 5 o
meTamorpnic ClEE R T < e Zm/eel ihis

velocity range 1s due both toe  the range of different mineral

within any given rock tyvpe and the range of pre

ssure and
temperature by the meTasediments which determine the
density of the rock Thus while the contrast of densities is
vseful for grevity , it rroduce & diff: in

velocities which are characteristic of the rock itvpe.

With the selsmically determined depth of overburden the

effect of ©till on the Bouguer gravity wvalues c¢can be calculated
and then stripped from the Eouguer gravity. The resulting

gravity map would then be more representative of deeper bodies,

o ¥]

therefor requiring the alteration o the model presented by

5



T

o
45 19 - lO-

Brogan.

DATA ACQUISITION:
Seismic data was collected over three days in  the fall of
1988; October 18th, November 16th, and December 9th.

In total 14

ceismic lines were shot on or near the proposed
location of the satellite pluton (Figure #6).

V -7 ﬁs 9 ; ,;2‘

L /s’ 6,
1 e 3.1 4)
}\ 2./ 14
{ .
! —
/ 7.

0 5 I I5KM
3-L INE NO.

13.
|

6245

Figare #6. Distribution of seismic lines.
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The buffalo gun which fires 1Z-gauge shotgun shells is

hetween the energy source and the ground.
Line #13 was shot with a buffalo gun and a hammey source.

ution and ground

oot

While both energy sources produce good data reso.

ghtly clearer and betier

imu

penetration, the buffalc gun produces sl

c A ~ Line 13 - Rec. 1 & Rec. 2)
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obtainable by the 720 meter spread cable (Appendix A - Line 14-

1). Unfortunately the 12-gauge buffalc gun does not produce

sufficient energ for such penetration. Future work with this

cable requires the use of energy source then the 12-
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gauge buffalo gun,

determination of the arrival time of the selsmic enesrgy at each
seophone and plotting these values versus the distance to each of
he geophones. Both the normal and reversed shooting directions
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of the error introduced due to a dipping bed. Figure #7 {(Mota,
1954} shows & repregentative graph of time versus distance for a

double rvefractor or three laver case and  the accompanving

s2ical modsl.



Ve,

Teaw

Tiaw|
A

N

Y

~{Testiy

1Tww

xG—

TIME - DISTANCE GRAPH

ﬁ__-_

¥L“__

Figure #7.

Geometry
are in

-

of the
Appendix

geo
B.

Jeing Mota & {1

layvers velocities, thickness, and
showse  the used for
excluding Line #3 which due to
produced useless vresults (ses
Appendix B also shows the time ¢

1

b

)

ogi
Af

.

[

~

C

e

groun

e lsmice

al model used.
r Mota, 1954,

d

fo

poy
4

graphs

Equations




Values for Vo are often borrowed from neighboring lines,
because determination of Vo 18 not alwayve possible. The thin
nature ¢f the top laver means that only the first few geophone
pick up the direct wave before refracted energy fromw below 1is

received thus making determination of later arrivals impossible.

Vo values foel

& number are velocities taken
from lines c¢lose to  the line in question The error introduced
$- 3 - = % T LY o ~ o oY
through this substitution is relatively small due to the small

und for Vo, 1.e. 1500 m/sec - 2000 m/sec.
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(i) TOPOGRAPHIC CORRECTION

Due to time constraints in data ccocllection most of the

i - - s s Y o e N A et e \ - R i
these elevations known topographic corrsection could be calculated

and applied to the dats.

Topogravhic s are by methemestically wliacing
both the shot and the geophones <n a common datum plane. Figure
the Cor slevetion corrvections for o oa

f o] —— —— — Datumplone
g ehev. o above s i,

o
Assumed pofh | o~ Y
affercorechion) 4t Adld

-F |

Figure #8. Geometry for elevation corrections. From Dobrin
and Savit,1988.
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LINE #7,VZu: ERROR CALCULATION
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ation of graphical error methode used.

obhtaining the error in slope
error in slope © reasonablie slops -
reazonable slope)
Thuse the fewer the peints defining a velocity and the
higher the magnitude of the wvelocity the larger the error 1in the
velocities A higher velocity means that energy can travel much



farther in the + D omesec  error range, therefor giving a wider
range of possible velocitles, While the exact determination of

by 1/V1 7 1/Vy + 1/Vg.
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simply from the error in Vu and Vp using:
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The caleculated errors for the thirteen lines are sghown in Table
B2 Other errors such as the irregular nature of the subsurface
produces minor changes in the arrival time. Calcoulation of a

model assumes horizontal homogeneity of the subsurface layer
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which due to different ervosional patiterns and varilation in t©
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from the corrected data.  The
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3500 w/sec, and V2 = 5300 mn/sec.

Although shown in Table #2 ars relatively

large for wveloclty determination, i.e. often on the ovder of +

1000 m/sec, the vrange of velocity values calculated is well
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bit OF AVE. DEPTH DIP OF AVE. DEPTH
LINE # BEARING V (w/sec) V (w/sec) ¥V (w/ecci Lo BED OF 1 UED 2  BED TO 2 BED

1 096 2000 4800 ——— ~0b. 5 13.8 m.  —---- e
+400 +1300
z 219 1500 3400 6000 + 04 .1 05.4 m. -00.8 25.4 m.
+050 +0400 +1100
3 358 [ o - e - o [, e o e s e
4 140 1500 4900 5900 +02 .1 13.7 m. -13.3 28.9 m.
+0600 +4400
5 176 1900(1) 3100 5800 +03.8 0b.6 mw. ~06.1 17.2 m.
+0300 + 1700
6 206 1900 3800 H200 -11.8 8.0 m. 08.0 30.0 m.
+060 +1900 +1 500
7 314 L500(2) 3200 4600 ~Un Y U4 .9 . 00,3 16.2 m.
+0700 + UG
8 087 1900(1) 2800 4800 +15.5 14.4 m. - 00 b (3)
+0800 +1000
g 120 19001 3460 5200 -5 2 10.7 mw. 0H .0 21,7 m.
”tmOYOU + 150t
10 048 1700 2600 5200 +10.0 08.7 m. ~-07 .6 17.3 m.
+050 +0600 +1o0i
11 265 1500(2) 3800 5800 -0 ¢ 03.2 wm. 04.1 18.5 m.
+0700 +1400
12 175 150004 4300 e +U0 .8 15.6 m. e e e e e
+0600 .
13 167 1500(4) 4000 4700 +04 .0 11.8 w. ~-02.0 26 .5 m.
+0600 +1900

. 0.
Calculation of velocities, depths, and dips from the seiswic records (Appendix A).
Appendix B shows the calculations used in determining these values. (1, (2), and
(4) have been taken from neighboring lines due to the difficulty in obtaining first
breaks. The error in velocity because of this is negligeable when compared to
error from pilcking arrvival times. (1) Velocity of till layver taken from Line #6.
(2) Velocity of till layer taken from Line #2. (3) Unable to calculate depth to 2
bed; shown in Appendix A, Line #38. (4) Velocity of till layver taken from Line #4.,
Error in velocities are shown in the velocities column with a +. The (-) for the
dips indicates a dip 180 degrees from the bearing, while a (+) indicated a dip in
the direction of the bearing given.
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granite. This evidence contradicts a weathered zone hypothesis
as these two rock types - nmetasediments and granite - should

weather at different rates.

LINE #12
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Figure #11. Illustrating a highly faulted surface.
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graphsg in Appendix B} shows the
arrival times. The throw direction and height can be easily

aging the following eguation [(Dobrin and Savit,

(T2a ~ T2Zb) * V2 = throw of fault in layer two

This supports the model of a weathered and fractured

URE TR ¥ A DU R BT T = . £ i g A o e Ny
intermediate layer - V1. Typical throws of these fractures are 3

The dins of the refracted lavers are relatively shallow as
one would expect on the top of a pluton. Also since each seismic
line examines such a small area of surface, that the measured
dips may reflect only minor undulations of the pluton & esurface

due To erosion.
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are close to those of granites,

i.e. ” B700 m/sec (Handbook of Physical Properties of Rocks,

3, means that while mapping of the subsurface is possible
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differentiating between the metasediments and the granite ig not.

CONSEQUENCES FOR GRAVITY:

1lite

m

..5“:«4‘}

Brogan s (1988) gravity modeling of the Liscomb &

pluton assumed that the gravity meter sat on the granite pluton

assumption by quantifying the thickness of a till layer on top of
the pluton. The low density till laver has an affect on the
gravity data, but whether this effect 1s of any su

2\



vt

GRAVITY TILL CORR. (1) CORI.(2) TOTAL(3) B.5 CURR.-~ CORRECT
LINE # VALUES THICKNESS FOR TILL FOKR GRANLTE CORRECTION GRAV, CORK. GRAVITY

1 NOT NEAR A GRAVITY STATION

2 NOT NEAR A GRAVITY LTATION

3 NO DATA

4 6.85 13.66 2.64 0.00 2.64 + .06 6.91

5 6.38 05.61 1.26 1.19 2.45 - .20 6.18

6  5.64 06.60 1.93 0.61 2.54 - .10 5.54

7 8.67 04 .84 1.09 1.33 2.42 - 22 8.54

8 NOT NEAR A GRAVITY STATION

9 5.08 10.71 2.41 0.20 2.61 - .03 5.0b

10 9.45 08.71 1.96 U:bv 2.565 - .10 9.35

11 .73 03.15 0.71 1.66 2.3 - L2t 8.46

12 6.49 10.567 Z2.38 0.295 2.61 - .04 6.45

13 0.00 11.76 2.64 0.00 2.64 .00 0.00
TABLE #d:
Calculation of the effects the overlying till layer has on the gravity value from
Brogan (1988). All gravity values and corrections are 1in milligals. _ Till
thicknesgs is in meters. (1) correction for the till = till thickness * .2248 mgals
(2) correction for granite = (base station till thickness - till thickness) * .1930

mgal (3) total corection = till correction + granite correction.

/
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and by wvarving

the depths to the tops of the blocks. This third parameter-

of the till, does not alter the gravity data by any significant

ing of the pluton should be done by varying only

extent of the blocks and/or by varving the density

contrasts between the three rock types.

was underitaken

o
ey
ot
W

Remodeling of Brogan s {(1888) gravity

with a number of objective in mind.

1. To re-examine the minimum depth for a possible contact betwsen
the Batellite Pluton and the Main Liscomb FPluton.

2. To examine the effect the deeper mass of the bodies have on

the gravity values measured at the surface and to determine a
minimum depth for both the Satellite Pluton and the Main Liscomb

3. To srmine the gravitational effects from the Main Liscomb

e

Complex on the gravitational signature of the Satellite Pluton.

model proposed by Brogan (1888), 1i.e. modeling

the pluton with the fewest number of blocks possible while still
approximating the observed gravity.

Une must remember that while the sryor in the gravity values

is very emalil + .05 mgals {(Brogan, 18885, the error due to the
spay gravity measurements over large parts of the study
area results in a much larger error in  the obegerved gravity
contours than + .05 mgals, Brogan contoured the observed

G e e T N e e gt IR R B . 3 RN
iata from 96 stations over an area of 22 km {for the distribution
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Pluton (Bujak, et al., 1980) is an indication that part of the
pluton must be cutcropping. The boundaries of the pluton shown
in Figure

blocks near

T By o s o s e o} oey e ~ L o oy
Liscomb Complex has DEan extencivaely mapped (Giles and
Chatterjee, 1987 . Thus the initial blecks that are input

o

should closely mimic the outcropping granitic bodies of the
Complex. However, the gravitational anomaly calculated using the

Threed program does not match the observed gravity over this

southern secticn o©of the a1 Thus 1t wasg assumed that
underlying the high grade gnelsses and schists in the
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Figure # 12. Showing the present day mapping of the Main
Liscomb Complex after Giles and Chatterjee, 1987.
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Block #1 - #5 approximate the Main Liscomb Complex. These

hlocks are assumed to be outcropping {(depth to top = 0.00). This

assumplion is
over the Complex. To further constrain the model the location o
blocks #1 - #5 were noit changed during the modeling process.

variation allowed to occur.

Only in the density contrast

izcomh batellite Fluton. Thu

m

Blocks #6 - #15 mads up the

et e DS e o T Sy iy R . S 3 - i
modeling of the pluton was accomplished using only 10 biocks.
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Figure #12. UPdated 3-D block model.
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(Figure ¥16), shows good

calculated gravity wvalues &along the northern portion of

file, however there is disagreement at the scouthern end of
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profile.

mgals less then the observed values.
of +the initial constraints placed on the blocks used
modeling of the Main Liscomb Complex i.e. the x - v positions of
the blocks and/or the density contrast of the blocks

the northern 1

HE) .

The calculated gravity values are on the order of 3

This offset may

rtion of the Main Lizcomd Complex (Blocks
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(i Determination of +the depth extent for the Plu

i)

minimum depth to the bottom of the Satellite Fluton anc
Liscomb Complex WaS determined by examination
gravitational effect of the Dbodies at certain depth

ton: The
the Main
of the

ranges.

Brogan (1988) suggested & minimum depth of 20 &m This
suggestion 1s not valid Figure #19 shows the gravity signature
calculated from tThe b vesd in  the best it model (Figure
413), for the interval of 10 - ZU Em
T T \\\\
\\\\ \\\
//' \\‘
y
/
s
{ y /
45]5-
0 5 1 ISKM. CONTOURS=ZMGAL

6245

Figure #19. Bouguer gravity values from depth
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Only the gravitational effect

evident and the effect fronx the

from the

in Liscomb Complex

A

is

Main Liscombh Complex is

mgals, over an arsa of 10 km. 1 the gravitational effect jid
a masse below 10 kw is neg eabhle in the data calculati
Therefor depth to the bottom of e plutonic body need be no more
than-lﬂ km.
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Figure #20.

X

3D model using contact blocks.



(1ii1i) Determination of & rposgcible depth to a contact
between the Liscomb Satellite Fluton and the Main Liscomb

suggested & minimum

depth to & contact at However becausge remodelling of
the data uses differenit density ocations, and
deptﬁs it should produce a different minimum depth to the
c #16 ~onnect the twoe bodies (Figure

.
s
[o8
[
!, wd

a minimum depth of a possible contact.

—4519
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/
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| 79
I 4815
\\\\ e 2l ORTOURS = IMGALS ,//_
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Figure #21 Contour map of calculated gravity: contact model.
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Initial modeling assumed a possible
between the two intrusive bodies (Figure #Z1
calculated data clearly does not wmatch the obser

Profile C-C best illustrates this differe

and although both values decrease
profile, the calculated valuss z2re 5 nmgals
chserved data. Pr A-A Land E-E (Figure
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Figure #22 Profile A-A'.
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respectively) show good agreement between the calcu
observed data, however the match 1z  less accuratle
profile of observed lated data with ocut a ¢
(Figurss #16 and #17)
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Thus while there

modeling shows that a

1.0 km is posscible. The
depthe greater than 1.0 En

i.e. within the data error.

become

connectlion at a depth g
gravity effect of a co

insignificant at

urface contact between the bodies,

reater than

nnection at
the surface
/

10 jo. X
X
9
°'.x\
8 b‘x~ X X
7 \‘\ - x‘. 1x' x1
6 e L X X
‘_an =N X
< S B
LYY ~-o.
= T X
3 BSERVED ® ¥
X OBSERVED 0 5 I 15KM.
2 o CALCULATED - L . Y
l \o‘ \x
o} o o

14 8- 10
.
. . »
-
. .
- s * "l
- . s ® e
o
N e
y § * . .
R .
- . Y
. . " R
B
. . s
M
® » %
.
.
» e 3
° s R
M .
.
.
- ° - ®
.
e h

IOKM.Y' -
Figure #24. Profile C-C'.

Ly

ﬁ‘




@ @ - i il i & o B & & a q = A2 O L 4] s} o o
O s > @ +2 K O v o O O G 4+ 2 T i e i) 2
o TS 9] 4 + o S Bt B a et o @ ¢ - oy e
4 O o & i O al Yot e O e o 0 b £ e RE o] —
o [ L2 & st G 2 i i U eh a i & 2 o i o
o < o ot < - e B T i - o + 44 &8 @
i @ @ = = @ a e 5 e W 11— W w (] =
£ e St ng ot k= o} a3 @ Q o e
- 42 o i Qo A el e ai @ iy o g 5]
i R o 5 lad o] o
" >

v
ER
1
r
1 4T
[t

e A ) oeed e

i & i ‘ B 0
4 Q -+ o P ] O w 44 @ 3 i o o o e G o 0] a4
O AL R o o v 0] ) O 4 4 by w4 @ +2 b 3 = o o
O +3 O a3 L e Q & i Ew 44 i @ of @ O "
2 A 2 s} oy o Ewl £ o =t et 5] e i
. ] 44 4 St o) O > 4 [T ngoow e < Y |
42 3 w - i Bt O O R -t T @ 4 by @ +* =i i) £
o L o o o ~ +2 ] = - 3 b — i o ]
i Q s s ) b 3 O +2 a3 W A5 vl Iy i o Q e O
2 X O Q s S o & ] W A4 o Q 4 = 4 ai O 2 w A3
S 43 . L3 ] v o i e i & o 5 5 2 4 45 -
O [ O 7 Q i +2 Yq Q@ o < 4 O 1 0l s
&R S 4+ & 5] -t S P e = = b +* U [ i e 4
2] £ @ - 5y -2 O S 0 a @ @ 1451 x @ +7 e
e R B o @ 4 22} K o o] £ e
0] o fo S = St 3 {41 4 — + = i3]
g = g 0 A -] W Ex 5t e I o
! RN 44 o S R o O O i3] 4 St e
@ o] o 2 i 84 et o O +2 ) O ot
@ i3] O ] 4 { O a3 s U a @
¥l £ o R 42 o] o o 4 ] > 4 a3 (&) o it}
t i i £ & o = O O 4 Yt ]
a 4 O e - O e ot i oy
- Ee > 4 s Wl ] St Rt W ved )
) 7 4 = el T i 4 St By Gt ] @ o @ @
ol A5 = h & et @ o = B @ O el Pl s 2 o
eef ) 42 D i O 4 @ fib] o 4 »ed [ 5]
4 o et ke = iy o3 & =1 £ bt u s o o ]
L ] il 3 i o] = b ] P @ fis] s
o o o ) 4+ o] o o i N 5 © vt i & A 0
o o £ b o @ a4 o : b . I e b Q Rl fiad o)
£ 43 T 42 O +3 i . O 0! S S o et & i8]
@ i o P & God ~ L 0 i 43
=t “e I e o @ @ ol o il Ll o o
a3 7] Sy - 42 A £ St Q e O -+
o @ e O P O o - i
O o o s o) et 42 4 £ O et
4 o1 Bl Gd ot fut rged R ] i il
= (8] fod ol O ) O s o & L o e
o A3 +? o o -+ 4 o @ s B
- = 4 o] o ot = o £t &)
Zy e i @ St ) ] o o] g (9]
! B 2 qr o i Gt O iyl i
[ fis} s A5 O e’ @ o) i o] ] [ o
o I o B — S a3 4 = £
=y s o 9 o = e & o] B B . -
s e o e - { =1 o
el = £ il =] O b 2 L o0
£ ] U o o] 3 @ & e 3
fis] St B et b ; et o) i = 0 o
[ = Y +2 Yod o 0 G L3 o b & St

3

<

he

[

e

ining

4

E

i

ater

=

Hao

s

&

th

Lo



e By =4 2 w a +7 @ s i & o @ o - e & i @ @ s
O b b= —4 O * Ko ! i o . e st i O 1 o o @ A o o

o s 4 @ o 2 A 42 ] el ot a [ o +2 i 42 o 7 42 @

b o o 4o o} 2 e -t =1 + 7] :

NET— w0 e i 4 54 @ St o 8] @ O oW
p b= vt @ A 0 sl e @ @ g o i St 5 A @
s sl st o 4 i O +3 g A5 . St 32 Pt
i B 2 8] i 3 [ o i s

+* £ e E

&
0
The
=
L oa
1erelory

o Q e @ O = ¢ 0]
b vt 2 e W = QD ES o [ta} o - T
] o i G4 « Q 2 el o o P et wpf -
o & = O Lt g w (O T v b U ot @ B = i
0 . +3 o = . £ &) = - £ 43 et i wl
0 > iy i Wl o =] 9] 42 ot o3 @) Iy o
et o v 1 w 4 u 42 +2 O Q ! + 42 O K
[ s B 42 @ u @ @ @ S & B = @ LI
@ o ol +2 o L o . ! i of w o Q@ o o}
“ b £ @) o a = o OIS e @ EER 2 s,c
wed o ke = o i B =i it S i i 5 i
i 4 O &= i o I oy - e o o3
= = - & Coap e @ . P
e 4 i v St F et & o + i ® o
I8 T @ < 3 a8 @ e P o e
@ w e 43 i + =3 o o o - L. W e T
i By O o o = - +2 . £ Lo el e
et +2 e @ s o © 0 a Q e o
i e 42 4 @ ot Q i 1 +2 & - @ s} s} T o
o0 w0 M T © L B0 Moodom 9o
L v + A3 i i) i a Bet 9] = 03 et [ssd S ] N
ke fo B Bl o & 9 o Gof e
ke O O O 4 W . a @ e @ @ ) 3
e A3 Q T 0] g » . A3 l 54 ] 0] A 4 i @
¢ - ¢ @ A5 @ 0 < O = o] @ i 2 +2 R 0
4 - b £ +2 2 i) e &= S @ 0 43 x f
A = O “ed + by ved o Ry - 0 = O B4 e
& A3 4 =2 B o O £ B 4 £ ] O i O ]
O s o St o S ] St o = R Q = A S
o ] o~ 4 s ] @ B m ko) i o o et o e
3 i3] jaw 32 3 ot il e o X fixd 5
K Tk 4 w 0 & o3 £ & po ) e
- S S @ e = o w0 - et G4 4 e .
9 4 &= Q O A o] w @ - O a @ 2 o
£ D o &) St i X o =l 2 o & o S v
+7 £ i i wi o @ 3] w 4 St o] o] 9] e o <
+ = ] > O @ o o & e —
G i 7 i =i 4 o o] S o e G
D G e wed bt o a3} 9 -+ - 42 I 3 s’
o Q @ i S o +2 o @ o o0 oot
g i £ b - o] O 3 o3 b
At W b by o O o 4 : o 4
b i P @ 7 e @ = 4 0 i et 9
@ 4 O e et + ] = D @ 44 pu g ju]
o e i -t g Qo e o ) o o w P e o w oo A +
o 5 0 32 i o faft) . 52 i oy ] i k. T o
ww Q @ =4 @ o E T
+ Wk o0 @ Q 1 ar g > O
A5 i Bt o af O 4 B St i o o = = g
~ e & Gt o 4 O O ] Q i ) 0] oot
> L e b 4 O ot 4 ey St s Ak ] T, i b
R Y o @ b 3 o & -t T 0 © Q
e o ho i @ = i 0 & o P A4
£ a ol - ™ O ] o = s
a = o5 B @ e it} w oo i a3 5.
A4 Q B O i ] & e v @ . o O oW
+ o oM @ i + S5 ed ] f i & o

L=



values

gravity

n

&

1orth

I

lower

A

o
=y

3

LUSION

tral
NC

e

=

tia.,

Sco

bl
o

b

MNow

£UL0

g
B o

Ul
L

elocitl

[
:

on

4

ti

refrac

that

P
Iy
o
Sk

Can

"
L 4

b

suriace,

=
b

sub

. %
LILe

1

map

ACTIon

fr

xe .

¥

the

However,

Ly

nite

&

o

gy

depth

L
ot
oty

3

ot

.

il

ArVe

£
el

an

modelin

courate

&

B
o
&

.
g

B

o

fr

tructed

0ne

CO

was

the

ing

ent

=

-

repre

15

and  #o5-4

Complex,

44



a

body having

length of 7 km. The bod

ne Lo the  Main
The top of the Pluton is
shown to  oubcrop, while

de of 40 meters.

spth

O

extends

b

Lo da

Th

e g
GBS

H

o

width

the

no

blocks

Ee
FAR

h

and

an aast -
10 km and shows
depth of 1.0 km
to  the
the west are at a




fu P -
as o @ @ b 59 ]
. > = O 2 i Q@ ol
“ O o £y 2 o i i ot
O el - ix3 Q) PR i
¥ . i3 o »ed 43 = e
o af < £ . T o~ I o
—t 0 = @ o oo oy a @ g
Ay o o o a ot - ! . =
- g4 e g 8 w9 < + = o
; o0 o o 0 & O e +
+2 « o o 2 B +2 o o O s - O
ced & { o > -t o 4 o2 & el @
4 <) i S A ™ vl ot et e
L =2 e b = & O w = D i Al
O it i = i O O ol 5 b I £
= m el = @ A S o i =
o A 0 o o5 e} Ly e O ) g
ol s @ o - = ! @ ] = ot
R oY ¥ i O et o3 4+ K . - L [fef
Ko oy L = e 3 ot O o B [Ty @ -
= w0 o o ) W o Yed W @
L - " o e > { = B0y oo
Q a3 =S o B e e & R . vt & weod e
3] o +2 il £t el @ o ot B £ A ol <
o e @ 42 bt i i +2 ~ U 2 =
wd o or o O T ol ol . o] o} R o
Q Q O - 0 $uq [T S a & o
iy i O . TS = O 3 o0 i - {3 o o4
£ o i 2 e, iy 3] IS = O 4
+ o o = - g o oo o 0
[ @ 3 b = - - 19 -l %
X 3 0 . M0 < -~ [
O - i S 4 o et o o 43 4
@ o . 42 0 o 2
o - o= Jui O e et <t oy it =i
o . % 4 )] - e !
- . I o . al = W . i
@ o . b - ) 4 O I3 e o
T3 ¢ i) s} [N o ey " O
) O o i £ N . S o U ol
b w4 i3 a +2 - A B4 o0 @ N ~ 2
i} o fued et sl - s} o - . = fis}
S ~ o e . O et I~ B i3 er} + o - W A
e e T - - I oo 8 D @ o
e Oy o 42 o o £ o e E =
b W o 3 +2 - ~ oh i 5
o] 4 s -t 32 iy - 3 § . = 3 Sty
& A pou +7 4 o =9 o @ ot e . A - it}
o s 32 @ . . < , WO
send -+ e i @
i ¢ . o o A3 - Ko
. - Tk S [ni} @ . = . i
- @ . ~ i O U .
= o g = .M,WH b B 0 .
= - o R £
- O o " & (o] e
po R e B & b o e N
i e i 42
I Ee ot i
ok % wed g
o ) ] 15

6.

3,

x

Y

3

o

vy A Y
'?‘!s»l{/x

i

eopl

T
p%

2



et

ey

la,

Tetens

-
o

s

OVa

e

i‘z

1OT,

b3



SEISMIC

RECORDS

4



NORMAL

096

3

Rec # 3 bearing

.

LINE # 1

o

-

a

o

O

-
5

re e

2o

/

FETRY FRPCION

ot S RIS

ved g

i e S ot A

voeerra

s

wrasnrdonansedya

L of

i
i
]

il

.3,

D

& g0 090 roe

oy

—t

|
|
m
M
|
M

—--REVERSED

276

ing

Rec # 6 bear

LINE # 1

Tyy

B —

onen e rne

)

Ey 0

Rt

P PSRRI YOO,

3

k)

LA

ooy

)

_——

LD D LT e




3

i

Es T

' -

X

reapeesader

(e e B

-4

NORMAL
"NORMAL::

s e st e y S .

8 U A, S R o , |

219 —-

219

umn.,,wﬂ N

A S

ing

s e ba g

e dh

i,

B}

2 2 Rl ax et

essmnvafvasnsbsl

b
Tod

o o

Rec # 2 bear

.

vramaand

- Rec # 1 bearing

Pt

3
N
-\

ey

RO it o

RN i s

4

By podon™e]

RS e By

S

LINE # 2
atolt

LINE # 2

50



__
|
|
...... [
|
|

. ».J.?

I

b
!
i

&

039

g

Z;ﬁﬂe VA

Rec # 6 bearin

UUIOE S i .
.\w”....;..ume”..m” H..w”m.i:..m.. -

X -

LINE # 2,

i . . .,

e R




NORMAL

358

bearing

LINE # 3 Rec#l.

.

Re

.«”.. M......ﬁ.‘n

g

...h-f.

O

B S i

T T LT P P

3

o

senneBien

N ..um...n
need n!.-'.\«:-.-.:h‘..:v.x.i-:

Li\a}

. T -
.4..MH: m.........w '\

R R

ceveend

b

oo

Bl

gensreeanee

i I PO

R e

T

REVERSED

ing 178

bear

LINE # 3 Rec # 2.

cravanadpais

P e e

O S

NN R

o)

I

oo

3 )
B T LITTIT e

i

P o

EET TP

1]

———

i

I R

..m...-.-

f

b IS
:LeéﬂWisTs@si

ﬁnn..”..nuu

1y

[P TR, TR

L

..vmrf.i.v.
PO PPN

ey

PIRDUNERRN

o o

P 1 CLTCRI -t

SR

B IR T FET

<




# 4 Rec # 1

LINE

ot

I PR

Ree |

. bearing 140 -- NORMAL

L.....Iu.h..}-.

afernanas

'm.-;...

I
4

-4

BN o S

cavmans g omansd

$od

{

i
i
b

i
k'

R

i
i
i

320 --REVERSED

Rec # 4. bearing

LINE # 4

—

QLS .

N\

.

=4
‘.—ﬁ.ﬂ.-rgg ;

o e

.,

=

Fitog o,

O et e S S g,

CePig

e

s

S 28

-

ey,

i

T O e g ik 3

e,

[

1 =X

Y, NN SNEPP

L auihed

I s A i e 1

TRy AP RINE L ST DN

O e et S
AN
™ e o ey

et d.
o

i AL

S B, s o

AR B

LLat, RN
A,
XY SR

e

-,

A

"

i S

?
M o]
Pemmsga,
o

i,

PR

o

ST SR ST P—

SAL D

> el

AR

orin

(RN

Ty S

T S
e

o s

et
e
i M Tt e
I~

!

o

L et

(R

Emann U SN S

§

P
G (PR
W
e
o e, £ i P o

g

b s S

PPN 5 I
R &R sy b

<D e 4 P e V0
< R
5 P iy
)
= Y
o

72
Z s

I}-30




¥
B

B N

s

[T e

P

ol it R
IO S SN
y:uui..mlm,‘ .-

- [T e

snnerrrmanr]

~-NORMAL

......\v._« .
LT SRRV SN SRR S

|
PR i
|
|

M.»u*;.mmw R

L. A=

'REVERSE

176

R . HESSA

i

o~ o s

e B |

T

:Aw.«..””.:.v

T SRR
-

et

5
[STTITIT
5

=

ing

—,

e T

X

bear

gt SRR

bearigg 356 -

oy
IR S S | : , oo

\::.w:““.. . -5 N—

U UV SUSU T S S

oy

Rec # 1.
Rec #2.

[T T

DOTRUURRIUPN R

Yl
I
T

LINE # 5

: RN \H..».émn. (..H.....”. . " s et
e S : | v O
, + H=
srumnnnsaansfonrannecfiis -
=
=
-1

%
5
X
X

P

5 A,



bearing 206 -- NORMAL

Rec # 1

LINE # 6.

v

f
o

S, N I

S |

A

W
e JT

i

£

e Ca S e o

ksl

&

™ Sraral

22

Nl B R R ag

3,

U SN

..!.n,.mr—.....»

A

&

N ———

O

ot

3 ..:..mfm”.z.u ;

gl n..nnMH.,,.h.m..nw,”......

.w. k DN |

:...”WH.,HM

|
!
W
3
m

Rec # 2.

REVERSED

ing 026

bear

LINE # 6.

B haa

g

.

DRI NN ¥
A LSk

™
sty e % w‘\(

v gt e X

e 1,8

e

-

NUTRN ) T
LI

DR )

s

-+ SR e

nM B .\.m ‘.ﬁ...,
i g
vl DR B

T 8 X -5 1

-
Keo

b ™™

e

P

e 1 e

ey

R TAARS L Rt (N

o,

| [
w u..« » 3 L-..Lf. ..1.
w_ Foy jd

LR SPNEERCS

—

Lo (o

ST SR

o 4 St o, it

SRS TN

oo 7 )

o e . s o seafon o Mmoo s e 108 s s

0 o amene o

e (e WOV SR SRS

/

55



NORMAL

. Rec # 1. bearing 314

LINE # 7

&

moerabs b e

-

e o

b

.

e

bu L

ku
o

P

ot

A

it bl

e dad

e prsand den

!
i

4

snared

careansd

o

fuonvonon

3
1
¥

Pt

:..W.\. I

: P

-

. S

ot

LINE # 7.

uEaBys v e

e

Rt 1

B gL P

....,4“.,‘.”...,,_,,.,...‘.....

¥,

cnvorghoronsnd

oo

o

.-m.

e ot

4

e o

= ¥
BUSOAE SO

o
£

Iaemense

S RO

3

B2

Rec # 2. bearing 134 -- REVERSED

3 ) wx
- ES)

RG.



LINE # 7. Rec # 3. bearing 134 -- reversed

i
v
d
.V..HJ»/K bovornsntnoan

canaresem

B e et 3

3 A

g

A

G
..-.-n.-—.v-lvy.uu

*y

.%I~§,§¢?§$

7o

St



NORMAL

Rec # 1, bearing 87

LINE # 8

P

¥

L-iwed

PR
%

¥

B e

B P

 SON.

3
I
Q

| S,

a5

acesenn

x>

|
:

i
|
{
i
i

-~ REVERSED

. bearing 267 -

. Rec # 2

LINE # 8

wahlareneng By
v grbroglos.




N.:..:.q:

A T

,z,/

romesne i fue - £

g 120 —— NORMAL

.
H

,un&su,

bearin

S, W

Rec # 1.

S

........J.:.. /R

yo

LINE # 9.

v ..ft.;.v.uli.af.v vvvvv ST ‘vv;

. Rec # 2. bearing 300 --

LINE # 9

|
|
i



— 048 —- NORMAL

LINE # 10

. Rec # 1. bearing -

/
—

CrevepAons

)

(OO o~fig

[

R

——_REVERSED

228 -

Rec # 2. bearing 228

10

LINE #

.

oot b SR o 0

i

Y

LSRN

o B p e

o

gousans sl

f
W

el
B
<

AT T
;

el NN

i

i
!
{
m [T

RO »..m
>

20

5 :
L ]

SIS RSN, /A A U W O SO

; m U D
boovewxfrsan PSP S, . M:: M::. :% o m. .
BRI S O ﬂ“.ﬂ 4 .;h_w,;r w.w» .
L | |
:...,.“;.; . N . ] . ‘” .....M .:wr N V,
TN m I
i

e b

[

—+

¥
-

¢

o

e

e

s kas s

3

-

T~

L

I}

IEPTTPTRVIN ']

LY

Y]

B e

7o ens

SR

e (- | TR

ity S

o ‘tt‘-‘ g

3
N



NORMAL

ing 265

bear

vxu. PROT e

[ PSS PRI

T
P

o o w

.«..uw or

JRRSNS S
b el

1 snaenaarar

[T

PRn

5
1
ik
b
{

I SO

PORY TELITRY TY

Ferons 1 .
B
P

3
(33 Ly i

LINE # 11.

—— REVERSED

ing 85

bear

Rec # 2

LINE # 11.

- :......\*

o iy o

Lo .;..::“

ereecerng

,w»:::r:,* ™M

4

wednfEEaa sEE vt

sanstoanncines

JSIpI

3

LD Qi 3

o

LD

o

G\



~ofe By sacannpunten

venand gpaveen

Goee e,

)

Satassdaat

- .._5

P

e ol ol i

PE SO Sovaiet . R f:
" Y | ,
.-m..i»\. SPRLLTY . ... - . , - . s N : . -N“r.w.- -.
: A..p ; . . o FONREE-

Fosorannd

3 SSNIR.

NORMAL

R

£y

/

bearing 175

bearing 355-— REVERSED

=/

>

bommammiagbusia

/

T

RS N ) : S S

sesesasforanaariage

X
]
L JRUNO0E RN SO

Rec. 1,
!
-

T4

. Rec.2,

7
7/

7535 35 o b w0 1D 5B g5 S ids

LINE # 12.
LINE # 12




Vs hstvenn

s romemnruis

- N._“ h
e “

......ﬁ.v:,.. .

Y

‘.u...”..“w“....u.‘.n.n*.

g

oy

s 2
3,

: :www

T

NORMAL HAMMER SOURCE

SR SO

,,...ﬁ “

167 — NORMAL BUFFALO GUN SOURCE

. - ETIANN O N
—— RO S, PO ..:.HM::... a M - Vo) .,H,:..sw e T
*m ..... . : ] — e Sy e s TN
*

]
I CRR AU S

ing
e

r.n..o.:w.a'.:. cmama ol
s .

B e

:.:i.;:::r.:.:~: .T:::::

)

. %...,..:5;..1 .»2 ::ﬁ

;

>
.

ws:%
“ 3

rmesidcansninin e
resblsssspedhasaron

i

vasse ...ﬂ..:..

;;;z:s;ﬂs;
&

e S ﬁb

Rec. # 1 bear

”...,..H.‘MHHWH:%

Fenprons

s

[P SOUOU, RN VN .

r”.o......*

DU, N

2

\/

I opaees

L¢Wwﬁu

f TF AF 3FAF

e

u..uw...,....._

D3 wo oF wsR kﬂ

LINE # 13. Rec # 2 bearing

LINE # 13

™,



LINE # 13. Rec # 3 bearing 347 —— REVERSED

s oo

YRR

e e

POy

oy o

yeveraneran

:.:”:”Hm..

.u“,m\.. e

J:J..?r.

B SN )

B

TSNS JROPS. Carperes

A

i
H
§

‘)..e-.vW«-\:}

k4

B s

|

DA M

(RN N

[ U OV

AT .

SRRSO SN SO

A

)
R A e

e

OSSO0, OO

-,w.&.v...::..

)

S b

..m.

o4
i
T

1
“

PRTTRR DO SPN

SN ...:....J_:..:.*..:::

e AR e,

H
H

BN o

B o RO

.i,.;

s e rs

)

[ DR

.es+ssrezwé;:

P ......e.».:...

S

e i 7

12 B ad

25 Fo o &0

/p BSOS

139

TRV

CH



720 Meter Spread

LINE # 14. Rec #1.

m.,.

m.

:ssérzﬁ&:.

3

) B 5 b
i,,.. ..... R

qoasranersriy

R

fporrere

. I o I

&..ﬁ.m..‘

¥ -,

bz enombnnnt

:.2::4.5...,_ :.:LJ:.

B .

¥

ﬁ......#:::.e:.

Hz

B Lo ..M.u

L

!...:T..:.. san

A T OO

.+ .- ..:.:. v

.:::m;::>=:

% §.
«

o
g

N

o

SRNCO, .:..N::zﬁ.. &..

P oner x.-b..:..rl..:...

ot ....;US.-I.TM?. e

.?' -

R

i:.u_ ereen

i
SPI TUDINRN AIPL- S :

OO o ,.,.“w

1

-
. S .-.1::.......3. o

.{.....Z....

B m‘. =

[ -
&

R SRS . SN
(«

# - ¥

e e

.m:..:
7

&;..& .:.!.,:.‘.....,.1 e

.. .‘”.Hnw”n:..www... MA...r

S

weee :.::..W:.«:..uwr

sl

i
|
i
|
i




#

i)

i

PENDIX
et {-}E

z

oy

g},\ ?
a

——
(a8
4
s

versed

=

I

-

h.

.

i8]

et

%

two

ot
[
o

i
-

b

E

[

erd
ed

*

A
s
it
Yt
@
&4
oy
s

ot

4

[
A

[l
&

a
o
o
m

e

Fo -
v A
»EOm

‘U

b
oo

=

[

£
&
"

bt

(o
&1
ey
e
—

ed
ST}
w0

()
[STe
pas

gt
5 whai
P B
ﬂw«. —

¥

Uy

ot




T
£

{
O
s
o
e

it
ip

e g .
e a3
&2 et o ol

e w

i
lownd
{'2:

e

d
008 Oyl
08 /B
pd
r ad
&
2«&,3

o0 O i

-l o f 54 ] S o o
T ~ - ) (] Ak el o
o e i b

- e RS
* o ed 32 ot
(ST oy Fiad . iy

s Dy s

-
. A o
(SR I et w
2 ot O d

9 P B G b
s e e} W ]
= «  m O o Sy &
o - ;
8 S B s} o 0
o o o gt S

.

[IE RS I i Y
« - SN N 7 S
L 0 N o - ol i
sed e N >

i

{ ﬁ-’t’,;* ¢

i
A
£
C
A
= e, 4 5
oA 2,y e ¥ J
2

a4k . s

o 1 ©ow 4

Ll [ A 5}
s i et O O
0 et B i | 1 s & U
o) o SRS Eal o mpned e
s U R4 B i G 1] A3 # ki
T ] Moo O o £ o3 ) )

FTI RE R O TS B Fi

ie] [} VI I i 4 8] e - et
et i i . e " # o kS 4
Gl e - - [ [ 4 o <o « «
o L I . o b @ = = " @ S
vl g o st i {1 6]
- A5 EE S ES) it o o
) [ Y- . Ty 7Y [ 5
Bowono o] of o ~ S
oo o o o i 4 -l
S ] o g} [N S @ o)

w et red i3] o~ ° o N L i ]
R e @ S o o o
W a - et Fd o s o

A

S 0

Y



LINE #1

i 5
[ i
nl.ﬁ .
=3 =1
tri LTl
Fa £
: :
= =
S
! o
L
. o
=7 -
L. k.
- —
— Q- ~
L)
-
>
o F i 5 & S
= o = = =
o [ et T #
= =
L) i = £
e E AT T T
el IR IS TS 1IN B B
FoRERF R ELES

G3.

1

e

ot

)

3""~]§1.,.§‘

Fae T
-an

AMCR



v%

OS ‘ : , | i

I

001 [

A3

et

R

S LIMN T
| * : . x j | , t A4 e LINEST:

{ wal) 4 b il 100 el 140

DISTANCE



4T
47T1

= =

LINE
LIME

i
o

Vo

4
L

RS
XY

ol

L3O

90

Sy

TANCE

P
[

1



\t

Tl

Tl

i

. o
i

]
]
o]
fore

o

% LINEST2
[NES]

DISTANCE



Vip

LINEGT

Vap

PANCE

e

§
i

DS



Fac Y

griv W
¥

e
W R

LIME

+3

o) HIWI

)

10

1

=

ht

B0

g

ey

&)
i

TANCE

F o,
TF
P
ey



P
i H
b
- =

LD

.

R

FoOF8 Y 2P,
FoobeE F LLELES

XY,

i

b
Frrand

Ay

Il
i

30

i
it

DISTANCE



A

¥
#

(3.0

?,.Ji‘

P
b,
FEngd

1

!

il

-
e g1

K

o
t

L e
faat M

il



g

0.04 | Vay :

i

RS

- »
k:[g_tf o N
et o S
5 WV

Vip~

,. :
£ adglmg
P W

1 % LINEIOTZ
o s LINE10OTI

DISTAMNCIE



Tt

o003 e ep
¥ Q‘I - B m
v ??ff Vay

o -
, e I 3 -
prves] LhOs o

Oonr "V Yo

NENT:
NELT]

4

' S

{J 3L S o L&



8t

LINE 412

7

i

§ S
R T T

2 £ E
BT o
A E LTR8BS

FEiE

R

EE

gl - R

“* LINE12T2
LINE12T1

| I

000 Fo e
! 0 60 90 120

DISTANCE



o

(]

£y

« Vay

¥

oy g s -

Nt s F s i

PP ECY 1 T

¢ % 3 f -
Eali Sl F ¢ B g
ESE o i’ et &
bt = Ed T
- s - =ty =
oy A A i £,
— o Lo g Fell
PR e e S

34



	undefined: 
	undefined_2: 


