A GRAVITY AND MAGNETIC INTERPRETATION
OF THE BAY ST. GEORGE CARBONIFEROUS
SUBBASIN IN WESTERN NEWFOUNDLAND

CENTRE FOR NEWFOUNDLAND STUDIES :

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author’s Permission)

SAMUEL THOMAS PEAVY



I




, )

National L»btary
of Canada

i

du Canada
Canadian Theses Service

Ottawa, Canade
K1A DN4

CANADIAN THESES

NOTICE

The quality of this microfiche is heavily dependent upon the

quality of the original thesis submitted for microfilming. Every

_ - effort has been made to ensure the highest quality of reproduc-
** tion possible.

If pages are missing, contact the university which granted the
degree.

Sorne pages may have indistinct print especially if the original
pages wer e typed with a poor typewriter ribbon or if the univer-

sity sent us an inferior pholocopy. L T

,

. Previously copyrighted materials (journal articles, published
‘tests, etc.) are not filmed.

Reprdduction in full or in part of this 1ilrﬁ is governed by the
Canadian Gopyright Act, RS.C. 1970, ¢. C-30. Please read
the authorization forms which accompany this thesis.

T A

__THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED .

NL 339 {r 8601}

Bibliothéque nationale

Services des théses canadiennes

i
i

THESES CANADIENNES

AVIS

La qualité de cette microfiche dépend grandement de 1a qualité
de la thése soumise au microfimage. Nous avons tout fait pour
assurer une qualité supérieure de reproduction.

Sl manque des pages, veumez communiquer avec I’ umver-
sité qui a contéré le grade.

La quaiit¢ d’impression de “certaines pages peut laisser a
désirer, sbnout si les pages originales ont été dactylographiées

< alaide o’ L)ﬂ ruban usé ou si l'université nous a fait parvenir

une photocoRie de qualité inférieure.
Les dbcumer:%uonﬁt déja I'objet d'un droit dauteur (articles

.de revue," examens publiés, etc)) ne sont pas microfimés.

La reproduction, méme partielle, de ce microfilm est soumise
alaLoi canadienne sur le droit d'auteur, SRC 1970, c. C-30.
Veduillez prendre connaissance des formules d’ autorisation qui

-accompagnent cefte thése. '

. LATHESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS REGUE

h - Canad3s




t

A GRAVITY AND MAGNETIC INTERPRETATJON OF THE BAY ST. GEORGE *
CARBONIFEROUS. SUBBASTN IN WESTERN NEWPOUNDLAND

’

- by
Sanuel Thomas Peavy

A thesis submitted to the School of Graduate
Studies in partial fulfillment of the
requirement for the degree of

' Master of Science

Department of Earth Sciences
Memorial University of Newfoundland
' September 1985

'

St. John's, Newfoundland




. Abstract /

Gravity and magnetic data were used to.model and interpret the
subsurface gstructure of the Bay St. George Carbonife.r0us Sul‘aba-sin in

western Newfoundland.

A total of 236 ‘gravity stations wi-tb an average spacing of 4.0 km

1]

were used. Magnetic data were digitized on a 0.8 km grid from .

existing 1:63360 scale aeromagnetic maps. Regional and residual

“anomaly maps for -a Sth-ofder polynomial wefe obtained for both: gravity

o

and. magnetic maps using a trend analysis program.
Densities and magnetic sugcepti‘bilities from 242 sample's of -
- - / . N * ’

evaporite_-s, representative :sedlmentary rocks, and anothosir_,ic] samples

~ . .

of inferred ha_s(ement type were determined. . -

. Programs for 2-D and 2,5-D gravity inversion, 2,5-D forward

gravity modelling, 'and 3-D gravity and map:netl't;.modelling were written

in FORTRAN and tested. These were used to detern.\ine the basement - <

LN - T 1 )
topography, and”to delineate faults, obtain thickness estimates of the .

se‘c'limentary ihfill, and locate possible new evaporite deposits.
- -+ -

Results from the 2.5-D inversion compared favorably to the final
3-D gravity model,_ showing that the 2,5-D process’ can bé used to
estimate. basement topography. 3-D magnetic modell;ng.conf{rmed 'that

the hasement shape defined by gravity modelling was'correct

N

geometrically. ’ . : \ . ’
The results of the modelling -were combinad witi\ 4 qualitative

: S . I U
interpretation of ‘the gravity and magnetic maps to yileld a model of

the_subsurféée geéology. Several new faults were located in the

subbasin, and several -of the old faults .were extended. Three possible




new

the

St.

The

between 0.5 and 3 km, an 4.5 kul, r%spectiyely.s

. e

. it R

evaporite deposits were also located. The maximum thicknesses of
sediments in the basin were discovered toc be~v6 km in the

. © : < L) )
Davids Syncline and 4 to 5 km in the Barachois Synclinorium.

N

throws of ;:he Crabbes Brook and Shoal Point faﬁlts were found to i:e.

o~ - .

a .

o
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Chapter 1: Introduction

V’: ~ r‘

fl

The subject of this fhesis is the madellfng and interpretation of

.

gravity and magnetic anomalies in the north-central portion of the

"

Bay St. George Carboniferous subbasin in Western Newfoundland. The

study area 1s rLQOOO2 im (see Figure-1.1).
N

The subbasin is located oﬁ the southwest 'coast of the island.
Onshore, the basin extends ﬁestward from the Loﬁg Range Mountains -to
St. Georggs Bay, and from Cape Anguille northward to near Stephenville. -

\frThe full of fshore extent of the subbasin is unknown at preséﬁt. The
: [

Bay St. George subbasin is a pgrt of the Maritimes Basin of Atlantic
Canada,';nd is assdéiated with thé‘CargoniferOus Deer Lékg and *
White Ray sasins 1n'n5rth-cenfral Newfoundlandu

The geology of the subbasié i3 summrized in.a Newfoundland‘

Department of Mines and Energy report (Knight, 1983).

v

Sedimentary rocks are of terrestrial, lacustrine, and marine origin,
and were déposited as a wrench—type basin was formed by right-lateral,

strike-slip movemenys along the Long Range Fault. Economic deposits

of evaporites are found in the study area, along with small quantities

K}

of coal. The hasement rocks are of granitic/anbrthositiq composition

and are assumed to be similar to those found at Indian Head and Steel

Mountain.
There are 236 gravity stations with an average station spacing of
L] £ -

4.0 km. The gravity data consists of stations collected by personnel

of Memoriai University in 1983 augmented by data from the Dominion

»
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Figure 1.1 Map of the Bay St. George areca. Study area is the
boxed-in acea on the map. The insert is of the
Maritimes Basin complex of Atlantic Canada.



Observatory survey of the 1960%s (Weaver, 1967) and from Weir's
Trans-Canada Highway survey (1971). Magnetic data were obtained by

'y

digitizing existing 1:63360 maps of the.area oh a 0.8 km grid, then

-

removing the IGﬁF: hackground' field to yleld a magnetic anomly nap of
the study area. Trend analysis was used on both gravity and magnétic'
data in or'def to remove thé regional trend from the data, leaving the
residual anomlieé - which are assoclated with the near surface
structure of the area — behind. |

In order to lconstrain the geophysimllmodelling,‘ 105
representative sainple;; of sedimentary rocks from the subbasin along
with 132 samples*of anorthosites from Indian Head and Steel Mountain
-were used f.or density an‘d nagnet1vc"mmceptihility measuremenfs. In
addition, a few samples of rock salt, gypsum, and anhydrite.were also
_measured. ‘ | '

Tf\ otder to modgl the subbasin, several computef‘programsw’ere
written in the F})RTRAN languagze. Along with 3-D forward gravity. and'
magnetic modeiltng progi’&ms, 2.5-D forward and inverse mode‘lliﬁg‘
progr‘ams were also developed ;nd tested. The;xe were used to determine
the topqgraphy of the basement—sediment interfa_re, and to delineate
fa'ults, estimate the thickness of sedimentary inflill“tn the bagin, and
locate possible new evaporite deposits. |
Finally, an Interpretation hased on the results of the geophysical

modelling of the gravity and magnetic data and the geology map was

constructed.’ This resulted in a model of the sybsurface geology of the

Bay St. George Carboniferous subbasin.




Chapter 2: .Data Collection and Reduction

} .
2.1 Collection and Reduction of Gravity Data

Gravity data';ere collected Ey persoﬁnel from’Meﬁorial.Unfversi;y
during the summer of 1983 \.mingr a LaCoste-Romberg, temperature
compehéated gravity meter. ©Elevation data were obtatned‘ét each
station using Wallace and Tiernan haromegric‘alpimeters and sling
psychrometers for temperature and humidity control. The ;tations
were occup{ed with a spacing of 2.5 km along roads in the area, with
the eiception of‘the P&sture.Road neér Robinsons River and the Crabhes
River Road, whlch were occupled la't a 1 km spacing. Additional
statbions of f the roads werc;_ done ugsing helicopter .ttanspoftation.
The elévations for the'survef vere ﬁied to the Geodetic Survey of
"Canada benchmark at the Stephenville Alrport, All gravity readingé
were tl_ed directly to the Earth Physics Branch gr;;vity base alsoat
the'airport; In addition to this data,>data fromlthe Dominion
Observatory ‘survey of the 1960's (Weaver, 1967) and from Heir'ﬁ
Trans—Canada Hiphway survey (1971) were included to'give a total of
236 statinns in the qt'udy area (see Figure 2.1 and Abpendi-x l;l).

The 1983 data were reduced'to Bbugueranomalies using a computer
progfm for that purpose. The prngra}1calcﬁlates the observed,
theoretical, and Bouguer gravity at each station.

‘.. . . N
The observed gravity can be calculated uging the relation

. o

= g f

8 base

+ - -
k(Ry - R) =D

.

obs . 2.1
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Figure 2.1 Posting of gravity station locations in study arca.
Coordinates of box in kilometers (UTM zone 21).
(Scale = 1:250000)



o

whe-fe'y_b is the ahsnlute gravity at the base station in mGal, k 1is
- ase . . k

_ the gravity meter constant in mGal/scale reading, Rl‘3 ancl‘R's are the

gravity meter reading at the base -station and the fleld station,
respectively, and *Df(:) 18 the gravity meter drift correction. The
-gravity. neter dr1~ft is 'assumed to be a linear function and 'ls

calculated from ‘the relation-

-~

- Dg

() = Ty
At - ) (2.2)
’ : I

vhere Df(t) 1s the gravity meter drift ,_cnrrectiox for a measurement.
made at time t, ARB is the difference hetween t:he\ygtar’ting and closing
values of % for a particular traverse, At .is the total time of the

traverse, and the last term is the elapseﬂ time since the start of the

traverse, K l

) [

The theoretical gravity is the referenée grévify calculated from

R

,the 1957 International Gravity Formula (IGF, 1967): ¥

'gthe = 978031.85x (1 + 0.0053024 x sin’ (4) - 0.00000585 x sin’ 2D (2.3)

where ¢ is the latitude in degrees and e he {e the theoretical gravity

~
~

in milligals.

In order to obtain the Bouguer anomaly at each station,’ the
observed g;'avity has to he corrected for free air and Bouguer
effects. The free air effect 1s caused by the distance the statlion

18 away from the center of the Farth, or, since the gravity values are

_referenced to sea level, its eleva(tion, and ean he calculated by the

simple relation (Telford, et.al., 1976)




I — . ‘ (2.4a)

|

where g 13 the gravitational acceleration at sgea lével, h is the
elevation of the station with respe’ct; to the F.arth's center, an_d‘
R 18 the radius of the Earth. ,

‘ The Bouguer effect fs due to thbe.mss of/rzi‘erial he.tween vvthe

station and sea level. It can be removed by using the equation

(Telford, et.al., 1976)

g = 2m6Gp’h - (2.4b)
\\ BOUG c ;
where G 18 the universal gpravitational constant, h is the elevation,
and 5 1is”the Bouguer density or the density of thq-’mateﬂal between
c .
the station and sea level, usually taken to he the average crustal
3 » ‘
density of 2.67 g/cm .
‘These two corrections can be comhined quite simply to glve

the equation for Bouguer anomalies (Nettleton, 1976)

~

+ 0.06 x E + 0.0078 x H | (2.5)

88 = Bobs ~ Bthe

where F 18 the elevatio.n of ti\e station in feet and H 18 the

‘instrument height above the ground surface in inches. "The elevations are
3

In units of feet because the barometric altimeters measure themv in feet.

The third term (0.06*E) is a combined elevation factor t.hat takes hnth

the free alr and.Bouguer effecta into account. The last term is a free

alr correction for the space between the instrument and the ground,.

The other data from Weaver (1967) and Weir (1971) were computed

originally using a different datum than the 1983 Memorial data. These
. g . .




[ . v

were reduced to the same datum by using the equatton (Anonymous)
: y

.

- ' 2 '
Bhew - 5514 " 0.95 - 13.6 x sin" (¢) + 0.05 x ¢ - (2.6) .

h {s th T the old P 3

where g,14 1s e anomaly under the ol otsdam system, gnew {3 the
anbmaly under the new IGSN71 system, and is the latitude.of the o
statlon {n degrees. The oid system was established b.y; making worldwide
gravity measurements relative to the value determined at P'otsdam,

Germany by pendulum measurements in 1906, This' value was found to be

- v

too‘.large‘ by V14 mGal, and in 1971°the new system was implemented by

making adjustments to the gravity valug;a at stations worldwide,
(Nettleton, 1976). The cor;re'gtion is approximtely, =6.2 mGal for . .
stations in the study area. A

The final reduced Bouguer anomaly map 1is shown in Figure 2.2, with
the coastline addec.i for reference. ;l'he elev;tions determined are \
accurate to1*2 m and the station locations (sca%ed from 1_:5.0000 maps)
are accurate to +s0 ﬁ, resulting in an uncertainty of‘iO.S mGa'l. No
terrain corrections were applied to the data. For almost all of the
stations i:n the area, the terrain cot:rect‘lon would a:nouht to lesas _'t.l;e
0.5mGal. For seven stations (7) near the lLong Range Mountains,
t;rrain corrections of as much as 15 mGal are possible due to rapid
elevation changeg on the order of 300 m, however, for only four of
these stations was the terrain effect greater than 5 mGal. These
were not applled because of the smell number of stations, and the

fact that these stations are at the edges of the study area, and

are not aa important to the modelling process as stations in the

central portions of the area.
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2.2 Collection and Reduction of Magnetic Data

.

Magnetic data wei'e-digitized from 1:63360 scale total field
. \ )

aeromagnetic maps published i:y the Geological Survey of Candda
(GSC, 1968, a-d). These maps were based on data collected along
east—west flight ii‘nes_by flux-pate rnagnetometer:s. . ‘The 1fnes were
s;eparated horizontally’by E;OO m ana flown at a‘n altitud.e L)'EAJOO n
These J"naps_-were digitized using a 0.5 inch spacing 1in bo{h—lat,‘[tude

and Iongftude, making the distance between grid-points equal to

r).s km. . - -

N )

The first step in aeromagnetic data processing is the remova'l of
the IGRF (International Geomagnetic Reference F\ield) background field
from the data. However, the maps used to obtain the data uere\
producéd at an arbltrary“magnetic reference level, so they don't match
with‘sta’ndard total field maps. In order to make the data conalstent -
with other maps in the area and therefore useful for future work, the

original data was converted into dtandard total field values by

. E R
matching the edges of the 'old! maps to the adjacent edges of the

standard maps surrounding the area. In this manner a correlation
between the arpitrary reference and the s:tandard total field magnetic
values cnulﬁ be made. This was done for four different map pairs, and
a plot of the 'old' field values vs. their standard counterparts was
drawn gnd a strafight 1line could be traced through the data points: for
each map pa{r. A standard IInear regression program was uged to
obtain a slopé and intercept fnvr each data set. Three out of the four

*

sets of data from the map pairs had almost the same slope and Lintercept

~

values. THese valuea were averaged to obtain an empirical conversion

equation:




Mmp, = 0-913 x Moi + 53457

whe;e Mgp and M, are the standard and 'old' values for the magnetic
R i - . )

field at a station i, respectively. The reaulting total fileld, IGRF
corrected map of the study area 1is shown in Figure 2.3.

After the IGRF corrected field was established for che magnetic
data, the IGRF background field was removed using a modified version
of a program originally written by Miller and Weir (1982). Vaiues
for the background field were interpolated from. corner point values

-

in the TAGA Bulletin 29 (1971) for each point in the grid. These
'vélﬁes were subtracted from the IGRF corrected values at the i
gfid-points to give the reduced mignetic anomaly map shown in Figure 2,4
A 25 point averaging process was then apﬁlied to the reduced ﬁagnetic
data (se» Figu;e 2.5). The averaging procegs calculated tﬁe average
valuevof a5 X 5 block of data points and placed that straight averaged
value at the central point of the block. The averaglng was done for two
reasong: 1) the filtered grid-point spaclng of.4 km 18 conqist?nt

with the average gravity station spaciné in the area; and 2) the
averaging removes short-wavnlength high amplitude anomalies which are

due to small, localized features that are of mimimal interest in the

seophysical modelling of the Subbasin.

2.3 Trend Analysis of Gravity and Magnetic Data

.
.

A trend.analysis propram based on the equations of Whitten (1973)
was written hy T.E. laidley of Memorial. Tha trend analysis {8 done

by fitting a polynomial of the form
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A (x,y) = A < a x Cy . (2.8)
* k=0 =0 : '

to the data via a 1east-squéres technique. In Equation 2.6, Ai is the
cadlculated regional trend, n 18 the order of the polynomial being
fitted to the data, and akj 13 the coefficient to be determined by Y

least-squares. The gsolution may be written In matrix notation as

(Miller, 1970)

(sy) = (5 x y O oz A % kody (2.9)
1=1 : 1=1
where . ‘ < - .
' "k = 0,1,...n
j =0,1,s..nk
m = 0,1,...n
1 =201,...n-m

and N is the number of data points. The result of an application of Y .
this type of filter to gravity or magneric data i{s a regional trend

which is (nferred‘to be caused by deep heterogeneities in the FEarth's

crudt. This is remofed by subtracting the regional from the original

anomaly at each point, or

AAi = Ao - Ac

where AA1 is the residual anomaly at a station {, and AO and A. are
- - 1 1
the original and regional anomalies, .respectively. After the removal
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of the regional trend, the residual map should répresent the local,.
geologically correlatible featyres in the subsurface (Nettleton, l§76).
. Contour plots were made for trend aﬁalyﬂea of-hoth the reduced
gravity and magnetilc, fields, 'Polynomial orders 1 through 6 wére used
in both cases. An analysis of these plots showed that the Sth orde;
trends had the sbest fit to the orig{nal grnvity and magnetic data,

4
therefore they were used as the regional trend for both gravity and

‘ magnetics. " The regional fields were subtracted from the original

reduced data to obtain residual anomaly maps for gravity (Figure 2,6):
. N E 23
and magnetics (Figure .2.7). Major features of these maps (lettering

on Figurés 6,6 and 6,7) will be discuss;d in Section 6.2.

r~.
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Chapter 3: Geology of thé Ray St. George Carhoniferous Subbasin

3.1l: Introduction
Thig chapter on the geology of the Bay‘St. Ceorgé Carboriiférou.q
Subbasin 1is based largely on Knight's report (1983), which provldes a

detailed deacription of the stqiyraphy and an analysis of the

"tecton{c setting, depositional ehvironments, structural history, and

mineral potential of the area. <

The Bay St. George Carboniferous Subhaqin is a part of the
Maritimes Basin complex of Atlantic Canada (Knight 1983) It is
located on the we,st .coast of the island of Newfoundland between Cape
Anguille and §tephenv111e (see Figure 1.1). ”

\The Subbasin was Formed by Late Devonian right-lateral, strike-slip

' movements along the Long Range Fault. An analyqis of the major

structural elements showq a pattern of synt‘heti’c and antithetic faults
and folds fittinz into the wrench-fault basin hypothesis.
The sediments were depos'ited fn a 45-60 mi1l1on year perviod from

the Upper-Devonian (Famennian) to Lower Pénnsylvé’nian (Westphalian-B).

The environment changed during deposition from a non-marine fluviatile

and lacustrine environment (Anguille Group), to a marine/non-marine,

arid evaporitic environment: (Codrog G-roup), to a floodplain and backswamp

“humid climate (Barachols Group). The overall thickness of depb.sits

may have been as great as 10 km, with the present fi11 being 6 km

(Knight, 1983).

Major deposits of salt and gypsum have been fouan in the northern

part of the Subbasin within the Codroy Group. Deposits of ccal have

<




-

been fo\und in Barachoisb sediments. Howeve_r, the coal deposits have
proven l;neconomic thus far. o

Th Pre-(‘arhonifetouvs basement 15 inferred to be of an
an»orthositic-gra‘n’itic character that clloaely resembles the Indilan Head
and Steel Mouyptain complexesl, which 'outcrop in the northern ;-u'ea of the
Subbasin (see Section 3..5). o

.

3.2 Lithology of the Sedimentary Rocks

The sedimentary rocks of the Bay St, George Suf)basin are divided

in‘to 3 groups by Knight (1983):
Al
1) the Anguille Group (map units 2-5 in Figure 3;1)'; consisting
of non-mati-l%, lacustrine, fluvial-deltaic, and fluviatile .

rocks of late Famennian to Tournaisfan age (350-335 my);

]

.
N , - -

fhe_Codr'oy Grou-p (map units 6-8 in Figute 3.1); Vcopslst‘[ngj"\
mostly of fluviatile redbedls, but including marine »
siliciclastics, cérbonates, an’d'evaporites of middle to
u;aber Visean-age"(1335—‘323 my); and

A
the Bafachois Crouhmp unit 11 1in Figure 3.1), consigting
of fluvial and Vcoa].-;bearinrg strata of Namurian to.

Westphallan-B age (323-300 }my).

Each group will he subdivided into its -component formations, and these

in rurn will be descritfred with regard to kenéra.l lithology, fhickﬁess,




5
and environment of deposition.’' Particular attention will be paid to

-

major lithologic componentﬁ of the northern part of the %uhhasin.

lk{t

3.2.1 Anguille Group

The Anguilie Group“is subdivided 1into four form-ationé_. In order
* of ascendency, these are the Kennels Brook Fi)rmation, the Snakes Right
Formation, the Frla'ns Cove Formation, gnd the Spont Falln Formation
(Knight, 1983). |

The~K’ennels Brook Formation (Uni; 2 in Figure 3.1) consists of
gray-green and re.d'sands'tong-a and pebbly san‘datones, raed siltstones,
{nte.rbedded. z;ay and brown siltstones and mudstones ‘with .gray 'limest;)"nes
a’t the to-p". These sediments are fluviatilg.and were ;iéposited hy

braided streams and meapdering rivers. The tl{{_ckness of the Kenne‘is

Brook Formation is 3200 m, but it is only 714 m on. the crest of the

b -

Anguille Anticlinorium (Pigure 3.1).

The Snakes Bight Formatfon (Unit 3 in Figure 3%1) includes basal

deposlts of shales,and sandstones,"followed.upward bi' thick bedded

gray sandstone, black shalé and silaceous shale units,_-ﬂith minor gray

siltatone, dolomite, aandy limestone and quartz and dolomitic
conglonnerate. ‘These were depoi‘xited in a narroid, northeasterl.y "
trending, deep lake V30 km 1ong (called Snakes Biight.Lake). The
thickness o-f the formation ranges from 785 m northwest of the‘Snaké‘s
Bight Fauit to " '1000 m southeast oflthe Sna!cea Bight Fault (se'e' ?igure .

3.1). .
The Friars Cove Formation (Unit & in Figure 3.1) conststs of a
q

.

basal gray sandatone and conglomerate member, with gray~b1ack

~

\ o
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sandstones, siltstones, and mudstones, local redbeds and dolomitic
limestones aqp dolostones: These sediments represent the final f1i11
of the Snakes Bight Lake,-and therefore represent a fluvial—deltaic,
shallow lacustrine setting. The average thicknes; of the Friars Cove
Form@(ion is about 500m, but ic thickens to ag much a 1300 m in the
northeast Anguille Houn;ainsA(thure 1.1). .

The Spout Falls Formatién (Unit S of Figure 3.1) Eorhﬁ a northeastward
thickening prism consist;hg of nands;one with minor siltstone 1n‘£he
sbuth, and miPor congloﬁerate in the central Subbasin. Farther noréh,
the Spout Falls Formation is replaced by the Fischells Coﬁglomerate
(Unit 5a in Figure 3ll). %he environment of deﬁosition was a sandy
and flaviatile a;stem thét prograded southward over the Friars Cove
Formtion. The épOQt Falls Pormation is 780 m thick niortheast of the
Snaies'Bight Fault, gut‘thickens to 2250 m west of Codroy Pqnd
(southFrn p;rt of Figurae 1.1). The Fischells Conglome;ate has a‘
thickness of 100-150-m-1n the Plat Bay anticline and >200 m near Coal
Brook (Figure 3.1);_ |

In conclusion, the Anguille Group consists of a sequence of -

non-marine fluviatile and lacustrine strata laid dewn 1n a generally

narrow, tectonicly active hasin. The overall.thickness of the

Anguille Group in the study area varifes between 200 m in the north to

4000 m 1n the southern end,

* 3.2.2 fhe Codroy Group
. < R - !
The. Codroy Group is subdivided into four formations. These are

‘the Ship vae Formation,/the Codroy Road Formafion, the Robinsons
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River Formétlon,:and the Woody Ca?e Forma tion (Knight 1983) of
these, only the first three are present in the study area.

The Ship Cove Formation (Unit 6 in Figpre 3.1) consists mainly of
limestone with some siltstone, shale and sandstone. These sed*ments
‘were depasited following marine floodinp in quiet, relatively deep
(20-50 n) water. The formation 1s on1y 18-20 m thick. - . '

The Codr6y Road Formation (Unit 7 in Figure 3,1) consists mostly

of .siltstones and mudstones, with some dolomites and gypsum and

,anhydrlte'occurrences. The environment of depnsition of the Codroy

» .
Road Formation was mainly an intertidal flat’ in the gouth and extreme

north; while 1n'the ceytral area, the sediments were deposited'ln d
narrow, hypersaline lagoon. The thickn;sses are smll, ranging from
V120 m at Ship Cove to 145 m at Fischells Br;ok The main features of
this formation are the dpcollemont it formed when it averrode the Ship
Cove Formation at ;he ;orthern terminus of the Anguille Anticline (see
Section 3.2.i?; and the gypsum and anﬁydrite deposits -— some of which
are substantial (Knight, 1983; see Séction 3.4 and Figure 3.1).

Thé Robinsons River Formation (Unit 8 in Pigure 3.1) has been
subdivided_lntoifi;e ﬁembers: the Jeffreys Village Member, the
Highlands Member, the Mollichignick Member, the Overfalls Brook .
Mgmbgr, aq? the Brod Pond Lentil (Knight, 1983). These combine to
gi?é an ovgrali intial thickness of 5-6 km for the Robinsons River
Form?tion. Howgve:, the Mollichignick and Overfalls %;ook Hembers can

[N

be ignored, since ther'occur mostly in the Codroy Lowland« "t the
‘.

%
S

south of the study area.
The Jeffreys Village Member (Unit 8a of Figure 3. 1) consists

predomlnantly of ted siltatones and sandstones, with some

conglomerate, limestonea, shale and ma jor evaporite deposits (see
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‘; ] Section 3.4 and Figure 3.1).° The thickneas of the Jeffreys Village

Member 1is ~1400 m, but it may' be as thick‘as 2000~2100 m sQuthwest of
the Flat Bay anticliﬁe.’ | . o
The Highlands Member (Unit 8b of Figure 3,l) 15 predominantly
thick red sandstone with some gray and yellow sandstone. There are
balso two ,;units of possible martne origin consisting of limestone and
- gray to white sandstone and sha le; The thickness ;af the Highlands‘
Member has been measured to be 884 m along the coast south of Crabhes
River, |
The Brow Pond Lentil (Unit 8e of Figure 3.1) conslists eﬁtirely of
pink and réd, pebbly and cobbly arkosic grits and sandaton;a. The
'thickness of this unit. 1s unknown, 7
In the St. George's'Bia'y Lowlands (Figure 1.1), theApaleoclimte

was an arid to semiarid, hot climate. The various members were

d,eporsited in a sequence of four stages:
[]

:

1) progradation of fine, red, alluvial sediments from the
southeast and the retreat of the sea into the northeasr
part of the Suibas}n;

2) widespread expansion of ahaliow evaporite conditions in
the study area, leading to the salt sequences and
glimestones;

3) thick, non~marine redbeds with thin mriﬁe sediments
intercalated, showiﬁg a serles of marine

transgression/regression cycles with regressions becoming

) ,dominant-i‘.n the opper sequences; and




o

éo.) for the Highlands Member only:‘ axial area blankete‘d hy red
alluvium from the n?rthéast deposited by meandering rivers,

In coﬁcllxsion,' the Codroy Group was deposited d}’jring a period of

4 marine tra‘nsgression/regressio.n episodes cauée({ by tectonic actlvity
-within the Subhasin., This activity caused-aubsidence;_accounting for
the great thickness of the Robinsons River Formatipn and the.evaporite

deposits of the lower Jeffreys Village Member. .

3.2.‘} The Barachois Gfoup

The Barachols Group has been divided into only two units =~ the
Searston Forma tion .(1n tl;e far south of the Subbasin) and the
Undivided Rarachois Group (Unit 11 {n Figure 3. l), assumed to. consist
of both the Searston Formation and the "coal mmjsqres' (Kn.ight, 1983').'
The Bafachois‘Croup {8 composed of green—gray to red'sand;to’ne, pebbly
sandstt_)nev, red siltstone with dark gray to>t‘>lack shales and,inuds_t'ones,‘

_and coal sea‘ms' (discussed Ffurther in Section 3.4). The environment of
deposition was that of 'meanderin.g r'iver- channels with adjacent flood, .
plains and'barckswamps. - The overall thickness of the Barachois Croup

is 1500-1600 m in the study area, thinning to the north.




- 3.3 Structural Geology

The BRay Sc.‘Ggorgé,Subhagin contains several types- of structures;
Among these are (a) northeasterly trending folds, (g) thr;st faulrs
and decollement zones, (c) northeasterly trending faults, (d) north~
wgsterly trending faults, and (e) east trending faults. All of these
occur 16 the.area of stud§ kFigure 3'1)1 | |

Therergre thfee ma jor ﬁortheasterly trending folds in the area.
‘These.are:thé Flat Bay Anticline, the Barachols Synclinorfum, and the
Angullle Anticlinorium (Knight, 1983) Also, there is a4 northwesterly
trendlng, minor syncline known as St. David s. Syncline.

v

The Flat Ray Anpicline 1is a doubly-plunging, anticlinal fold with ,

-

an orientation of 037°T. Away from the fold axis, the overlying
i ' o B
strata dip ae much as 80 locally, but dips of 50° are more common.

At thé éore_of the anticline is a basement outcrop, overlain
iunconformably by sediments of the Anguille and Codroy G;ouﬁs.

T§ the east of the Flat Bay Anticline 18 the BRarachois
Syncliﬁorium; a doubly-plunging, open syncline brieniéd 027 T, Dips
inxﬁhe/sypclinoriuq are moderate (m4d)), but ate;pen neér fault
contacts. The sedimentaiy infill of tﬁe.ajncline'is composed of rocks

: . - {
of the Barachois, Codroy, Anguille Groups.

- In the southern end of the study area 18 the northern closure of
the Anguille Anticlinorium. This anticline is cut by the Snakes Bight

Fault (discussed later), which lies along or near the hinge of the

anticline. Both turn from an fnitial orientation of +030° to ~070° at

gﬁe northern terminus. The Anguille Anticlinorium {s covered by

sediments of the Anguille Group.
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St. David's Syncline is a northwester{y trending syncline with
‘dips in the range of 40°-50° and a plunge of 30°-39°, This syncline
is at right angles to the other regional—-scale folds. This
configuration probably results from its position between the Flat Bay
d Anguille anticlines. St. David's syncline is covered at the
 gurface by sediments of the Highlands and Jeffreys Village Members of
Robinsons River Formation (Mid-Upper Visean).

A decollement zone is developed at the base of the Codroy Road
Formation (Codroy Group) in the southern end of the study area (Figure
3.1). This formation of fine siliciclastics and evaporites overlies
more competent limestones and dolostones of the Ship Cove

rmation. The decollement is evidenced by a zone of shattered and
red rocks (Knight, 1983). This zone is up to 6 m thick and

ctly overlies the Ship Cove Formation. The decollement was

bly caused by the Codroy Road Formation sliding over the Ship
Formation during an episode of upright, harmonic folding.

There are many high angle faults in the study area. Only ones of
'”-ficance to the overall structure of the Subbasin will be

illrsed here.

Of the northeasterly trending faults, by far the most important is
Long Range Fault (Figure 3.1). This fault forms the southeastern
ry of the Subbasin and is a strike—-slip fault oriented from 041°
wf;qk Vertical movement on the fault was on the order of 10 km.

nt, 1983). This movement was necessary to accomodate the load of

rboniferous sediments deposited to the west. Evidence for vertical
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LT B . .
movements 1s hased on bedding attitudes adjacent to the fault surface,

" which dip steeply away from the fault, and on locally overturned or
folded beds. " ‘

, The Snakes Bight Pault transects the Anguf_ll‘e Antic}inorium in the
southern part of the study. area and 1s oriented 'bO7(5°T (Knight, 1~983).
A right-lateral displacement of 10 km along the fault "is_ evidenced by
’the adisplacement of beds of the Anguille Group (Pigure 3.1).

The Cr;abhes Brook Fault is oriented at 0370_ and intersects Fhe
Barachoisv'~ Synclinorium at an anéle of 25 (Figure 3.1). A downthrow
of several ’t;u.)u;sand #eters occurred to th,;a southe;ast of the .fa'ult, and
’right—.lateral, strike:slip movement 1s likely a'lso.

The only ;najor horthwés,terly trending fau‘1t in the study area 1s -

. ' i
the Sheep Brool; Fault in the northeastern part of the stuEdy area
(Figure 3.1), The fault tredds north;iard in the northe:rn part
borderingA the Figchells Cong.lomera te (Angll‘lll.e Group), then it turns
southeast until it reaches the Long Ra.np,e fault.

A major easterly trending fatlt, called t-he ‘Shoal Polnt Faulé,

-

occurs just north of the Anguiile-Hounr_ains (Figure 3.1). This is a K

N .
1

vert'ical fault with a downth_row to the north. The inland extent of
o . .
the fault 18 unknown, although Knight (1983) shows 1t to {ntersect the

Crabbes. Brook Fault, It isApossible. however, thé.t it contim;es

. £, . S o
eastward, truncating the Snakes Bight Fault and eventually reaching
“the Long Range Fault.

THe structural evolution-of the Subbasin 1s interpreted to he the

result of right-lateral slip along the major northeasterly trending

faults, creating a wrench—fault basin as described lby Wilcox, et al,




S
(1973) (Knight, 1983), The.mall, ev'idenl_ce in favor of‘right—latera‘l
wreﬁch movementé 18 the en echeloﬁ a-t"r’angemeng of fold axés oblique
to the Long.Range and Snakes BLight faults., 1t is also supported hy
the interpretation of northeasterly a'nd northwesterly trending faults
as synthetic-antithetic conjl‘;gate fa‘ﬁlts ’(Knight,Al983)>. Vertical
't'novemen‘ts prnhah]f.affpctpd the developement of the S'u}‘shasirn iater.
These movements are evidenced by beddl;ng attitudes, folds and local
slickensliding within the Long Range fault zone, and northeasterly
and ea-stefly trendipg faults showing lafge ver.tical disblacemen.ts‘
(Knight, 1983).: |
.The geome_tx;y éf the fold and fault svstem is in agreement with

the Wilcox ‘model. The angle of intersecti'on_of: the nnortheasterly
" trending fold axes withnthe mhin \éi‘gnch faults (vthe Long Range and
Snakes Bight faults), the o.rie‘ntadtion-of both the northPaAsterly and
'northwesterly‘ tréndii;g féults,wand the intergection angle .of the.;zé
faults w’i‘th es_c.h‘ othér ﬁﬁq,tﬁe Long Range and Snakes Bight_ faults are

all in accord with the wrench model, h

The progreésioﬁ'of de'formatiqn and local_v;'ar[ations from the

’ "strike-slip model were caused by: (a) ‘the presence of a crystalline
‘.hasemenf from Robinsons River northwards acted as a butress and prevented
: "vthe'developeme_.ntl of the more.com.plex structures of the southern subbasin;

(b) the fxresence of'incpmpetenr rock units in the Anguille and Codroy"

-

" Groups promoted folding as a mechanism to. accomodate shortening; and
L o d , . )
(c) the presence of a thickening samdstone sequence in the northern

Anguille Mountains caulsed the formation of consistantly open folds in

that area.
i/
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. Knighi has co})cluded th)at the Bay St. George Subbasin was created
by right-lateral wrench faulting along the Long Range Fault. ‘:I'his
'occurred in the late Devonian. Deposition followed and cpntinued ,
until the Mid-Pennsylvani&n. ‘The sediments were folde;.d and faﬁlted
vari‘oﬁs times during the 45-60 million year his;ory ﬁf deposition,
resﬁlting i;i such majér features as ‘_the Anguille Anticlinorium, the

2 Snakes Bight Fault, and the Barachois Syclinorium. Finally, a major

.‘\_<faeforu1.étion episode occurrred, correéponding to the Variscan Orogeny.,
. r4 * . .
oy :
i
s
’
/

‘3.4 Evaporite and‘ani Deposits

Evaporite deposits are found;in the C‘odroy Group throughout t_he
Bay St. George Subbasin. They are the Arésuf[f of var‘iods"ma-rtne‘
transgression/regression eplsodes during the deposiflon of the Codroy
Gi-‘oup; The evaporites are gypsum, anhydrite, celestite ‘(véry minor)
‘a;ld sodfum and potassium salts (Xnight, 1983).—' .Coal ci_eposits are
found in the Ba.;achois Group and are .the result of backswamp
environment during depo.f.;itio'n. | “

There are” several large, eco?mrﬁic depoaifs of ‘gy;;sum and anhydrite
in the northern area of ;he Sibbastn (Knight, 1983).. Within the srgdy'
area, only 2 major gypsum deposits occure (gne 1s at Plschells Brook |
with’ a total of 10 million tonnes; and tt;e other is at Plaster Pond )
(Figure 3,1) with a total of 0.5 million tonnes (Figure 3.1). Both of
these deposits are within the Codroy Road Formation. Smll-et" "deiaosita‘
occur in the upper Codroy Road Formation and the Jeffreys Village Member

of the Robinsons River Formation (Figure 3.1).

Halite and potash deposits occur in the Jeffreys Village Member.
o 51.fepost >

3
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(Knight, 1983). Three drill holes have found substantial deposits of

salt and potash at St. Fintan's, Robinsons, and Fischells Brook

(Figure 3.1).

The St. Fintan's and Robinsons deposits occur in the lower

Jeffreys Village Member at v235 m depth, and have various

stassium-rich horizons throughout each salt section. The St.

tan's deposit is 120 m thick, of which the lower 70 m is poor in
1t. The Robinsons deposit has two horizons of salt (104 m and 54 m

;_.ck), separated by 100 m of anhydrite and halite~bearing mudstones

thin halite beds (Knight, 1983). -

The Fischells Brook deposit could be in both Ehe Jeffreys Village

and Codroy Road Formation, although the drill hole only found

lments from the Jeffreys Village Member. The drill hole penetrated

'fvn of salt without reaching the bottom. The potassium—-rich zone

at the top of the salt and is v6 m thick. Bouguer gravity

t alies suggest that the salt body may be a cylindrical plug, with a

thickness of 1.2 km. and a maximum radius of 1 km (Knight,

u:J- This equals a volume of 3500 million cubic meters of salt.

» Increased occurrence of gypsum and anyhdrite were noted with

sing drill hole depth, meaning that this estimate could be high.

Coal deposits occur exclusively in the Barachois Group (Figure

and are, in general, very minor (Knight, 1983). A maximum

88 of 1.5-4 m has been reported for the Jukes Seam along

[;*ik Brook. Other seams are much thinner. A recent drill hole

in Figure 3.1) intersected a few seams of only 10-20 cm

S, suggesting that the coal seams pinch out away from the main

fe area along Barachois Brook.
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_In conclusion, there are substantial deposits of gypsum and salt
in the atudy area, with thicknesses of > 390 m for the salt and 300 m
for the gypsum deposits. All occur in «anits of the lower Codroy
" . Group. - Coal depasits occur 1in sevefal localities in Barachols Group
: ' °

sediments of the study area. These coal seams are relatively thin and

are not economically signiflcant at this time.

3.5 The Pre-Carboniferous Basement -

N «

Not”mggh ;_s‘ known ébdﬁt' thev Pre-Carbonifercus iaase)ment rocks of
thé Bay St. George Sdbbasin._ '?hese .rocks occur below Anguflle Group
s;zdiments and outcrop 1‘n oniy tlw'o areas:? té\e core-of the Fla't‘léa'y :
A;;lticline and Mpunt Howley (Figure 3.1);

. The b_aéement in the northern Subha'sin,_ié believed t‘o be_‘from thé
Hum>ber -tectonostratigraphic z'one of tﬁe Newfoundland App{ilachians
(Williams, 1978).> The- HumberAZo‘ne is co‘mposed of.: .a) Précambrian )
gneisses, probab'le Grenvilli;n. grar;lte's and ah;)r'ti\osites, at:d Cambrian

_abé';e dikes; b) .Camhro—Ordiviciqniclast’ic and carbonate ro‘cks; |
¢) transported se\dtmenta_ry‘, \.!..olca'nic, v.a‘nd ophiolitic rocks of the
Humber Az_‘m Allocthon; d) greénschist—grade metasedimentary rocks; andv
g)' late Silurian-l-)évonian redbeds. |

‘The base&aenf out.crop‘s of Steel Mountain eind. Indian Hea_d, located
Jus‘t f;o the»az;-st and west of the north part of the Subhas'i.n,

) respectively, indicate that only rock type (a) j.ia present 1n the area
(Heyl and Rdnaxi, 1954,'>Bai>rd, 1,954)’.. Thefefpré, for.the purposes of

this study, the basemént is assumed to .be anorthoéitic-granitic in

_nature and c’renvilllan' in age (Murthy and Rao, 1976); 0f major note

.




o

in these complexes are lenses of magnetite found near both localities

(Heyl and Ronan, lQSll Baird 1954), which could cause problems {n
the gravity and magnetic interpretation. The implication of these
basement rocks for the interpretation of the gravity and magnetic fields

}s discussed 1in Chapter 6,
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' . ,\ . Chapter 4: Physical Properties of the Carboniferous Sesdimentary
i . . D . - - .

Rocks and the Pre-Carboniferous Basement
4.1 .Introduction

In. potentfal field modelllng? ambiguity in the solution is always
a probi':et‘n‘CSkeels, 1947, Al-Chalabi, 1971, Jackspn, 1972) which )
arises from the fac;: that no unique matﬁematical solut‘ionA exists for
any set of potential data. While an infinity' of solutions are
pbésible, thé. most geologically probable models can be o_htained by a
> l . - sensible application" of geologic'and physical cofnstr'aints to the
model pa-rélpeters." Among the more lmportlant' constraining parameters
are 'densi';y and m;agnettc susceptibility. If the density and magnetic
susceptibility of a particular ’hody in the model can be assumed as
kno'wn'. a much bec‘ter estimce‘of the thickness and extent of this

0

. body_can be made from the data.

\

In order to constraih the gepphysical model for the Bay St. George
Subbasin, dgnsiti'es and magnetie susceptibilities we‘re §btaine:l for
both _t_he sé¢imentary rocks within the’ Subbasin and the 1nferred

‘ Pre-;Carbon:.lferous basement. - '

A weighced density of 27.§4i 0.09 g/cm3 ha‘s been detetjmir:ed for the
sedimedtary rocks on- the basis‘of the measurements. Measurements a}so™ -
1ndicate‘\that the magnetic sl;sceptibtlity of vthe sediments is

negligibie.

. For the basement rocks an average density of 2_.721 0.35 g/r:m3 was

determined. Magnetic suscep‘tibility_ measuremehts’ indicate fhat the
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two different basement types - Indian Head and Steel Mountain -
can be separated by their magnetic signature since the Stéel Mountain

. samples have a significantly different mgnetic susceptibility than

Indian Head samples .

, /o
4.2 Methods u}u!d to measure density and magnetic susceptibility

bensity and magnetic susceptibility measurements of samples
from the Bay St George Subbasin were mde. 'IOS samp;les of -
sedimentary rocks and 132 samples.of the Indian Head and Steel
‘{ountain complexes wered analysed: |

Donsities for all samples were determined using a triple—heam
balance. The samples were weighed by attaching them to a length of
monofilament fiuhing—line tied to the bottom of the weighing pan.
The scale was ;hen balanced to remove the effect of the mass of tﬁe

SN,

',li'ne‘. The wetght in air was recorded first, then the sample wag
t .

vsu'bmer.ged in a bucket of water and welighed again. The difference

between these two weights divided by the density of water gives the volume

- of the sample In cublc centimeters (cmj) and the 'in situ denstty

can eaquy be determined from the relationship

-2 (4.1)

N




= density of the sample.in g/cm,
= density of water in g/cm ,
mass of the sample weighed {n air in grams‘(g), and

yolumé‘of the sample in cm -

-

The density‘éf water was assumed to be 1,000 g/cm?. Jaing this value

adds an error of only 0.4 X to the density measurement for the range

between 5 C and 363C-(CRC, 1969), which s small compared to weighing

error of 0.03 g (¥1.0 %) in the density determinations.
. . , ‘
Special problems were encountered in measuiring the density of the
. . . o . ‘
evaporite samples. Since the samples would have dissolved when

submerged in :@@;r; a different 1l{quid hAd to b; used. It wa g
S ) .

declded that it would be safest to use 98 mole-parceﬁt methanol
_instead of water 'in order to determine the 'in-situ'.density. The
density of methanol was determined by two different methods; Thé
first, hydrometer measurements, gav; a density of 0.795 + 0.002 g/cm3.
* The sécond method used a 100 ml gfaduated cylinder. The cylinder was
velghed without and. then wttﬁ 100 ml of methanol in it. The mass of B

. the methanol was then divided by 1ts volume (100 m1), to éive a

"~ density of 0.79 +0,02 g/cﬁ3._ These vaiues‘are close to the accepted

‘value.of 0.79855 g/cm3 at 15° (CRC, 1962). Measurements were then

conducted on the evaporites as for the other samples. Calculations

1

‘were made using equation 4.1, with p replaced by the measured density
: ] w : -

of the methanol.
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Magnetic susceptiﬁilfty values for the sedimentary samples were

determined using the Scintrex Digital Magnetic Susceptihtlity Meter

(Modelisu-S). The meter uses a high-permtability, 'C'=shaped core '
y

. wrapped with wire and encased in a rectangular nylon head as a sensor.

The sensor measures the différence in reluctance of the magnetic path
with and without a sample. It then calcu%ates the magnetic
.t R Y

susceptihility, which can be read from an LED display on the

instruments hase. Values for susceptibility between 100-99,000 X 16-6

. . “
+5.% cgs units can bé measured using this instrument (SM-5 ‘Users

" Manual, 1980). The SM-5 is gultable for measuring hand samples, buf

is not very good for measuring small samples. Because the bagement
samples are small cores, a different method had to be used on them,

hagnecic susceptibility values for the basement sampleé were
Rl

_ measured using an AC susceptibility bridge constructed by R, Patzold

*(1?72). The bridge measures the susceptibility of drilled cores 2.22 cnm

]

\
in diameter. The basement samples were originally used in paleomagnetic

regearch and were cut into 2,22 cm diameter cores for this purpose,
therefore they were fdeally suited for use with the AC bridge. The.

bridge uses a set of Helmholtz colls and an oscillator to create an AC
- _
field in the sample. The net emf output, which {s measured by a set

of plck—up coils, ts dué to induced m&gne;izaqion - ﬁbich is a

measure of the magnetic susceptibility. .Since there is a linear

relationship between output voltage and susceptibility, the
[ - .

* susceptibilicy of a sample can be determined using the following
- B T .

equation: )
[ ' . . . Rt

k= (v, -V 8 ¢,

+h A (4.2)
10 £ v o




k = magnetic susceptibility in cgs units,
v, o= outéu: voltage in mv, |

VO = 'zero' voltgge in mv,‘

S ;’sensitLQity or gain f#ctor,

Cf = calibration constant in cgs/mV, and

h

) ‘.’\ .
£ height correction factor in cgs units.
t 4 .

The output voltage (Vlz is'r?ad for each sample ffom a digital
voltmeter. The 'zero' voltage (VO) 1s determined by changing the

phase of the oscillator by 9b(aand then 'balancing' the bridge until a
‘minimum reading is obtalned on the voltmeter. Thelfensitivity (s) is
determinéd by the galn setting; with the bridge being calibratéd for a \
gatn of 10 ¢(hence, the division ﬁf S byvlo in equa?}on 4.2). The
cglibtation congtant (Cf) is déterminea by placing a current-carrying
coil in the apparatus. When a sm;11—cu;tent 1g applied, the coil has
-an effective susceptibilitcy (ke) of 2.36 X 10-6 égs units., The output

voltage obtained when this coil is used is then divided into k to
: e

glve the calibration constant. The height correction factor the) 1is

/
needed because the samples are not of a constant height, and

therefore not of a constant vﬂlume. . These factors. were taien from a,
graph prepared b& R. Patzold (1972; p. 25). Errors in susceptibility
measurements using the bridge range from 3 I to 10 X (R. Patzold, 1972;

p. 28). VHowevef, since sugceptibilicies in the~range'of 10 X 10. _ére.’

négligible in magnetic modelling, the error is closer to 5 X,
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- ‘4.3 Physical Properties of the Sedimentary Samples

Density and magnetic susceptibility measuremerits were done using

representative samples of sedimentary rocks collected by T. KnIght and

\
C. C. K. Fong between 1973 and 1975 in the Bay St. f‘eotge Subhagin and

~

obtained from the Minea & Energy core storage butlding in Torbay, and
on samples from a drill hole drilled by Longyear in 1983 for Memorial
University. (For the'location of t;le drill hole,(hDH-S), see. Figure
3.1.) Also, satples of helite, gypeum, and anhydrite from the Bay
.St. George Subbasin provided by the Minerai D.evelopment Division ef
. !

Mines &‘Energy and I, K'nightvere measured.

Each sample was identified with respect to group, formation and/or

member, and general lithology. Once the data was collected, a

systematic evaluation of the density of each rock unit was performed.

N

For the Anguille and Codroy Groups, the percent composition by general

lithology for each formation and/or member was obtained from Knight

(1983). For the Barachols G!‘('JUP, a lithology log of the rocks from

the Longyear drill hole (DDH-5) was used to obtain the percent

. constituency of each rock type (S. Solomon, 1984). Then the overall
‘density‘of' each member or ‘formation was calculated by weighting the

average density aobtained for each rock type within the unft by its
.percent composition. In this mann-:r, dens{ties were obtained for
each rock unit. An estlmte of the overall deneity of each group.
was obtained by using the thickness of each formation (from Chapter 3)
as a welghting factor for the density. Table 4.1 shows the resulting

densities for each formation and group, along with the standard

deviation of the samples from each unit.




: i ) . Table 4.1: Densities "calculated f‘ot each sedimentary unit v
: . - , .Dengity values are mean . standard deviation
 § b - . C _ (# = number of samples)
Geolog.lc .‘lini)t ) . . .
. Group Formation . . 'Member Map unit =~ ¥ Density{g/cm )
anguille  Kennels Brook -~ 2 2 2.58 0.11 |
. , - ' Snakes Bight | — B 2 2.67 0.10 ‘
- . Priars Cove | §— b .6 2.67 0.04
] " . .‘Spout Falls - - _. 5 - s 2.59 0.04
. - oo Fischells Cong. - 54 22032 0.03
h éngﬁllle (avera_ge);..........;.... 2.63 0.06 .
& Codroy ~ Ship Cove - o . ' 6. 2. 2.72 0.03
| - COd}by Road R 7 6 2,48 0,14
- Robinsons River - Jeffreys v11;a§e ‘Ba 11 . 2.40 0.09
- - Highlands | b SR 2.53 0.13
- ~ - Brow Pond Lentil™ 8e 3 2.58 0.03
” Codroy- (averagé)...‘.'..............2;47 0.09 - - . .
Barachois~ Searston I - _ 9’ 5 : 2.51 0;084'
| - Upper Series - 10 33 2.56 0.08
Barachois (average)sssesnanivsoneesa2 5 0.08 _ -
’Evporites anh'yd;'ite — - 2 2.97' 0.03
" gypsumn - - ¢ - 2 2.28 0.03
: o - ’ salt L em e 2 2.18 0.03
) . . . ~ - ’ .
&
. . %
. ‘ ’ \
R
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T As expected the more deeply buried Anguille Group had the highest

density {2.63 + 0.06 g/cm3) of l:he three groups. 'l‘he Codroy ‘Croup

had the lowest density (2.47 +0 09 g/cm3) due to, a. 16w value for .

-ﬂ,.# -

the relatively thick Robinsong River Formation. *The evaporite samples
had measured densities of 2.18 + 0.03 g/c:m3 for the salt, 2.28 +0,03
)Z/Cm3 for the gypsum, and 2.97 * 0.03 g/cm for the anhydrite. The
weighté_d average dengity of the éedinents 'in t:he'a'rea of the Barachois
Synclinorium was calculated to be 2.54 + 0.09g/;:m:;’.

Magnetic suscep.iihflity measurements of the sedimentary rocks‘ were
also done. However, since the values of suéceptibility were less than
100 X 10_6 cgs units, the Scintrex SM-5 meter could not measure a
valué. Therefore, the effective magnetic :susceptibili_ty of the sedimentary
section is assumed t};:z negligi}ble for the purpose of magnetic modelling.
The AC susceptibivlil;y bri.dge was not used because the samples were no;

2.22 cm dia‘meter cares. . .
~

L] -

4,4 Physical Properties of the Pre—Carbonifercus Samples’

.
. N .

De‘ﬁsity and nﬁ;gnetic susceptibility measuremer{ts were don’e on
anorthositic sampl;es from the Indian Head and Steel Mountain complexgs

collected by G. S. Murthy in 1974. The complexes, as me‘ntioned

earlier in Chapter 3, are Grenvillian gneisses and igneous intrusives ' oty

of anorthositic-granitic character (Murthy aij Rao, 1976).

. 3
samples was 2.68+ 0.07 g/cm.

~

The average density of the 89 Indian Hea
- These samples were very.regular, with only 16 % falling outside the

[
range of 2.60 to 2.75 g/cm3 (see Figure 4.1). -

-

;
%
%
.
7
H
H
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Figure 4.1 Histogram of frequency of densities for Indian Head and
Steel Mountain samples.
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The average denskity of the 43 Steel Mountain samples was 2. 8‘3 -\;0.34
g/cm3. | The high standard deviation of the Steel Mountain samples :
results from some unusually high density samples, with values up to
4,27 g{‘cm3 reqorded. These samples have adf unusually high magnetite
co.ntént, n-nci could be related to lenses. of magnetite.”?ﬁat occur in
the area (Baird 1954).. The range of Steel Mountain density values {is
from 2.60 to 4, 27 g/cm with only 55 1% lying within the range of 2 60 -
to 2.75 g/cm .« The rest of the samples have densitieq greater than
2.75 g/cm . The average density of the inferred basement 18 2.72 ¥ 0.36
g/cm3, giving a density contrast of -0.18 g/cm with the sedimentary.

section.

‘Suscept‘ibility measurements of th’e Indiar Head samples show that

BO % 1ie 1in the range .of 0-100 X 10..6 c¢gs units (Figure 4.2) -~ {.e.
80 % of the Indian Head samples lie inl the range of the- aed‘ilmentary
-sectio\'hnd are therefore of negliyible suaceptibility. - The maximum '
observed mgnetic susceptibility for these samples was 1836 X .10 6'cgs
units. : _ T, o ,.
Stec’:l Mountain mgqet;c surceptlbllity meagureménts showed mich

more scatter (Pl‘igure 4,2), with a range of 5-6000 X 10«'6 cgs unlts.
'For three of the samples, the sueceptibility values were too high to
be messured hy the bridge, and one: sample had to be cut into a disk
only 0 56 em thick before a value of 7668 X 10 cgs units could

be obtained, Only 36 1 of the Steel Mountain samples have
‘suscept'lbvilities less than 100 X 10 -6 cgs units, while 23 Z.of.the .
samples are _grt.zarte’r ‘than SOOOAX 10—6 cgs‘s' units (Figure 4.2).

. ~The density and magnetic susceptibility histqérahﬁ vshow the
distinet diffe.rence htheen the Indian RHead and Steel Mountain.
samples; even fi:ough the lithologies of t};e samples are éimila;. .

’
Figure 4.3 18 a plot of density versus susceptibillty for all the

L&)
N
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amples. The Indian Head samples are generally grouped toward the

'  half (low susceptibility end) of the graph and are all below the
.0C ’/cmzsline. The Steel Mountain samples, however, are spread out
the entire graph.

‘If the graph is divided into zones ranging from 'low' to 'high'
sity and susceptibility (see Table 4.6), a histogram of the percent
number of samples versus zone can be drawn (Figure 4.4), showing
1 the Indian Head samples are skewed towards the low susceptibility

(zones A-C) and that the Steel Mountain samples are shifted

~

the higher susceptibility end (zones G-1). From this, it can
-

cluded that the Steel Mountain samples are 6f a higher

sceptibility than samples of similar lithology from Indian Head.
uming that the Bay St. George Subbasin is underlain by basement of

th the Indian Head and Steel Mountain types, areas of higher

etic anomaly are very likely to be underlain by Steel Mountain

ment type. Hence, these basement types can be separated and

ecated in a magnetic modelling process. Density values could not

to separate the two basement types because the standard

I-fn of the Steel Mountain samples is so high that the two

values - those of Steel Mountain and Indian Head — are

ically equal.




Table 4.2: Zones of o ve. k for Figure 4.4
' ‘All densitles in g/em . All magnetic
susceptihilities in cgs units x 10
(IH = Indian Head, SM = Steel Mountain)

_ﬁange in Range in H'agnetic Number of Samples

Density - 7 . .Susceptibility I SM

2.66 - .k 100 ; 20

"k 100 14
x 100
108~k 700

(’_,,__190 k 700

\ 100 k 700
k 700
k 700

k 700

‘Total

24

17
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Chapter 5: <Computer Programing-fur Cravity and Magnetic Modelling

5.1 Introduction .‘ L A v _ 1 o
- .
. This chapter discusses' the progra'mmiﬁg tsed to perfprm the gravity
and'mgnetivc modelling of the Bay ..St. Géotge Carboniferous Subba'sin.
., The 'gravity,‘ modelling consists_'of a _2.5-D inversion procedure and 3-Dt
,.forward riodelling me_th‘od; The 2.,5-D iaversion iz; a. new least-qqm.res‘
pr'oéedure based on the ideas of Bott' (1960) and the formulation of
Rasmus‘sen' and“Pe'dersen (1979). This proced.ure was tested'exéensi_vel_v
and it was foundbto gi.ve‘ good results for_ sév,eral simple and complex
models. However, i°t was discovered that dissimilar situatione could
glve nearly: identical inverse models because the graviti anoma lies

were nequy -identical, in shape and amplitude. A threeﬂ-dimenaional ,
7

modelling program ‘haged on Talwani and Ewing (1961) was written am{

tested. A 3-D magnetics modelling program based on Talwani (1965) was

also written and tested.

5.2 Two-Dimensional, Least-Squares Gravity Modelling.

Geophysical inversion involves the estlmation of the parameters of
"an Earth model from a set of observations. In particular, pravity
modelling requires the use of gravity anomalies in otder to determine o .

the dimensions:and/or density of a mod‘el. Vhen cémpared with forward

modelling, gravity inversion has the advantage of being rélatively




fast compared with the trial and error process of forward modelling.
: o .
The main problem with the Iinverse téchniques is a lack of control by

the interpreter over the final'solution‘which often leads to models

"~ which are not gealogically feasible. Th; use of constraints based on

geological or o;her geophysical evidence is a useful method of
controlling the inverse solution. However, even the constraints do
not eliminate the problem of nonuniqueness which is inherent in all

mathemaﬁical solutfons to potential field problems.
. N . : [ .

There are many types of gravity inversion techuaiques which can be

applied to an anomaly to obtain a model. Perhaps the simplest to

.
3

. understand and ‘apply 138 the least—squarés technique. Least-squares
'tgchniques search for a minimum of the following equation
(Marqﬁardt,1963):
N
2
e=Z (v ,~v_ )
1=1 al ;i
whefe - {8 the sum;of the squares of the difference between the

observed (Yog and the calculated CYCQ values at all points N.

Equation 5.1 1is evaluited'after each fteration until the minimum
: . ) ' . .
is found. For the gravity case, N 18 the number of stations,Y ; 1s the

: th
observed gravity at the 1 station, and Yciis the .calculated gravity

at that same statlon/Yé is a function of the model parametérs and the -

/
equations or kernels uséd to determine the anomaly at a given-

>locaﬁion. The model pa%aﬁeters, which include coordinates of bqpy




. : - N 3 .
" at each station in mGal, Ap ig the density contrast in g/cm , and the

e 53 -

v

cornetrs and density.‘aré adjusted at each iteration unci'l.a glohal

minimum to Eﬁuatipn 5.1 1s found and a "best—fit"” model 1s produced.

"This procedure has bheen applied to the direct inversion of gravity

anomaiies bf many authoFQ, the first being M.H.P, Bott In 1960,
’VBott used eqﬁally—sfaced (digitized) gravity anomalles to
determine the geometry of a sedimentary basin. The technique
calculated ;ﬁeAthichess of two-dimensional rectangular blocks of ‘a
single density contrast bepéath’each gravity_station along a profile,
with the width of each block equal to the station spacing; 1.e. the
. : : »

blocks were all the séme width and centered below each station, and

each block being of the same density contrist. The {initial thickness .

of each block was determined by the relation (Bott,fl960) r
At = obs.. : : _ ) R
41.9 x Ap o . _ (5.23)

where ¢t {s the calculated thickness in'km,'gosgis the observed gravity

-

[ . _ o
number 41,9 represents the product 2nGS, where G is the universal

‘grévitationa{ congtant, and § is scaling factor which takes care of

discrepéncies in uﬁiti. The change i{n thirkness of the each block was

.

calculated using the fnfinite slab formula (Bott,1960)"

A= A - (5.2b)
319 x Ao ' .

where Ag is the residual gfavifyl(calculatgd - observed), and the

other factors are identical to those in Equatfion 5.2a. Fach block

T —
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i ' »

. Qag adjusted by its respectivé change in thickness, then the
contrib;tion of all the blocks was calculated at each statfon. A
residual was then deterdined; and the process continued until.a
minimu& sum of squared residuals was found. -

Bott_;s _technique, although simplistic, ptioved td be affective In
estim@ting the depth and shape of sedimenthr}’ﬁasins. Other au?hors

(Corbéto,l?ﬁﬁ,‘Qureshi and ‘Mula, 1971, and Al-Chalabi,1971b) have

iﬁprqved Bott's basic technique by using: (a) undig{tized data, and.
- (b) Z%D bodles .of polygonal cross-section that more closely
| qpproximéte geqlogic bodies. Howevgr; there are proﬁiems with Bott's
tééhnique. Aside from the gsual problems of grayity inversi&n, the
use of the 2-D apptoximatlén coulﬂ add appreciable error. Since the

1 . -

_.22-D methods assume an infinite strike-length perpendicular 'to the

»
" .

anomaly profile, bodies calculated for areas with rel;tively short
strike-lengths could be too .shallow. If finite strike-length were
-taken into accouﬁf fhroqgh the use of end-corrections to the 2-D

approximation, much better estimates of thickness and morphology could’

be'made from the gravity anomalies. . . N

.
-

; . 5.3 2.5-D Cravitf Modelling and a Compariso; to 2-D Modelling
; 4 In 1979; Rasmuaseh and Pedefsen developed an equation b} wﬁiéh
endjcorreciions could be calculated fo; 2<D gfqvlty modeis, thus

creating the 2.5-D gravity.methodg The method 18 called "2.5-D"

" because the strike-length of the body iz finite while the basic 2-D,

]

b
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polygonal shape 1is haintained along stfike. The e;id corrections -
'subtract' the effects of the mass contained within the the 2-D
polygon outside the given stxjike ~length, thereby correcting the
calculated gravity along the pro(tle. .

In order to tllustrate the efféct of finite strike-lengAth on the
calculated gravity at a point albng a prof'ile., a cc;mpucexj program
'based on the Rasmussen and'Pedersen (1979) formulation was written in
the -FORTRAN Language (see Appendix 2.1 for a program listing). The
gravity anomaly aLong a prof:lle for various strike-lengths was

calculated. Figure 5.1 is a plot of the resulgs for a’ rectangular

block 3 km wide ,. 1.5 km thick, with thé top buried at a 2 km depth and

. 3 ) .
having a density contrdas® of +0.10 g/em . -For each different

strike*}engﬁh! _th;e body was eymmetric, l.e. the total strike-lgngth of
-the hody waﬁs evenly.divlded:ori each éide perpeﬁdiétlltar to- the pt"ofile. -
- For commrison a 2-D profil’e calculated by equations. f.r‘o;:i Grant‘and
‘West (1965) for a block with the same dimensions but having infinite
strike length 1s also shown._- Only for strike- lengths >7.5 times the
width of th'e body’ 19 the mximixm 2-D anomaly within 5 X of the 2'_. 5-D
>ano_mal,y, showing that the'2-D spprt-)xi_mt'io,n woula ﬁot have been valid for
shorter-'g;trikeﬂleng'thsi. r~-Howéver, i,s. width the most impo‘rtant factor

to consider when deciding between 2-D and 2 5-D modelling technlques’

A comparison of the effect on the 2 S— D gravity calculation of l
variable thickness, wtdth, and depth of burfal of bodies was
conducted. Figure 5.2 ig a plbt of peréent of. the maximum, 2 -D
anomaly ecalculated for that block versus the.changing lengths of the .

-, _ ) .
variables. .Two conclusions can be drawn from these results: (!) that -
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all three variables are less important when their lehgths are greater;
and (2) while all three variahles are affected by finite

strike~length, the depth of burial appears to be the most sensitive.
‘Telford, et.al’. (1976, p.66) suggest that a boc"ly is two-dimensioml
when the strike-iemﬁth is tugnty (20) times -all other dimensions,
Based on Figure 5.2, if the atrike—lengt}; 1s ten (10) times the
hrgesbt dimension, the 2-D approximation 18 within 10 % of the actual
gravity valu.e. Th;re'fore, any depth estimates using a 2-D gravity
luversion process on data meeting the .'10 X' criteria will have a )0 %

6- .
o™ less error assoclated with them. Por data where the strike-length

is 1ess than 10 times the largest body dimension, the errors will be

larger, ‘ . T

~

N
¢

5.4 2.5-D Inverse Cravity Program

A 2.5-D gravity inversion program was written based on the

o

. equatlons of Rasmussen and Pedersen (1979) (see. Appendix 2.2 for a-

_program listing). ‘A flowchart fdr the progfam 18 ‘shown tn Figure 5.3.

The program reads in gravity da'ta along a profile ‘and‘ parameters fon

an i‘inversion, and calculates the single cl]ensi'ty confrast ;node_l th_at‘

fits the observed data wi;hin an erroro ..o (vari__able SIGMA 1\;4 the

program) is a nu;bér c.hosen: sm;ch that the mean of the r‘esiduals"is

close to zero and the standard deviation of the residuals 1s iO..?-mgal
~ — the error in the gravity observations-. Iteratioﬁs of the ﬁrogtamv

continue until the value of the sum of the squared residuals ( cof

Equatiyon‘ﬁ.) ‘ g .
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Flowchart for 2.5-D gravity inversion program.-
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1s less than O , or when the number of iterations greater than a
specified mximum number of iterat{ors (NKOUNT in the program). These

conditions can be expressed mathemitically as

L Y
o > €, and ' ' . (5.3a)
ky >k - o : (5.3b)

If condition 5. 3‘b is reached before 5. 3a, the values of € (which were
stored in a data file) are analy{ed to see if a minimum had been reached
that was greater than d, or if no minimum had been reached.' 1f a minimum
.\\‘ . waé'reéached, the value of»f? is éet‘ equal to the minimum and the prugramr
‘is n'm"again to producﬁ the bes\t»fit model.n If né minimum was reached,.
then the best fit maximum numbe'rrof'.'.tterat'ions is increased to a
sufticient'numbér for cdﬁdition 5.3 to be met. An initial model ‘is
obtained by calculating a thickness based .on the . infinite slab formula
% - (Equation 5.2) for the body_at each gravity station", vith Ag being- .
equal to the ébser?ved gravity for thisrini.tial model, "I"l;xe bodyAr- is
thé_n_ nunbered clockwise lstarting‘a-t.t:he top, left—haqd .c-or-ner to ’
glivé a'body with ]‘Jolygon’al c?oss*s‘ecti.qn (Figufe 5.4)_.‘; The h»grav'ity
-effect of ;:hé body .is éhen cal.c"urlated vét_ ‘»each-‘ qtation‘locatior'l using
the‘ Rasédésen aind Pederseri equa'\tiéns; : .
-'l'he z-coordinates of the model are adjusted after each iteration
.using the infintte slab formula (Equation 5.2) wit;h the value of the
resjdual, Ag, "defined "as ' ’ v o ' :
>, a )AS: Tor” Yot f s,

4
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Polygon for 2.5-D gravity, showing the clockwise
numbering system.
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where v ‘iis the oheerved gmvity gravity at station 1, Y’ iis the
" calculated gravitv at statton i, and N 18 the number of stations.
" The changes in thicknesg obtained from Equation 5.2 are 'smoothed' By.

a bell curve of the form

w= c032 ¥2.0

-centered at each station 1ocation, with W being the calculated

'_at a location away from the center of the bell curve, and

$=1/2 X (x/WIDTH) »

v‘ whére Adc 18 the distance from ;l;\e ‘center poiné to the weightéd point
and WIDTH s the half-_*width Of._ther bell curve. The va'lde’n_f WIDTH msl
set af 5 km after testing showed th_’at‘this value gzive éood conv'ferg‘ence
-without def.orming the hréer features détérm‘lded‘.rby the inversion.
The 'calculéted weight, w, 1is Ehed multiplied by the A t‘ df the center
point to givd the contribution of’ the central A't _at the ‘weighted

‘ _pofnt (A tu)." The At'z'i's are sumed-at each pdint and then the sum is '
added to the original thickness change at that polnt. , This total ‘is

¢

the adjusted thickness change (Ata) at that point. The Ata's are "thetn
'added to the .prevlous’ thickness at each stz&i&to give the f)ew&
thickness for the next iteraéion;: k

" “The purpose of Fhe srdoothlng is to.d.is'rt;'i'but“e the contfibution of
the depth below each.'gfavitf B,tatio'ﬁ among the neighboring 'deptd |
p‘oim;s'.’ The calculated gfavity at each sfation 1s mlcdlated_'frbm -
the entire -l:ddy, bu‘t'.m_s_‘s near tl;e.obsqrvatidn point has more effect

.

than mass farther away. Since this mass affects the calculated

e v s v e ek i
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gravity i‘t also ~af/fecta the residual ér_avity (ag), and therefqre, by

Equation 5.2, the.thickness-adjustment. I— Distrihnting the ‘(‘Alcul.élted _ '. T e
change 1in thickness (At) at any one atation over the m\aighboring
stations 13 a way of considering the contribution of neighboring mass
to the calculated gravity when evaluating At ‘

,The new body attained after smoothing ia Lised for the next

fteration and the process is continued unti]. either condition 5.3a or-

condition 5.3b are met, in which case the data and the calculated
-model are‘written into a data file and the standard deviation and the . | N 1_'
medn of the residuals are calculated If the standard deviation and -

‘ , ' mean are unsatisfactory (Hiller, 1977), a new o  1is chosen and the

' program is run again.

‘Another .feature of the program not discussed above ig the ability

-

‘ S _to apply constraints to the z-cnordinates calculated by the program,

At each data point, the z-coordinate my’ he. (a).allowed to evolve

without constr:aints,' (b) constrai,ned to lie within a certain d.enth

range,'or (c) tonsttained to a partinular .dent;:. Whole bodies may
i _ ’ also be constrained to lie helov a certain depth leve « ’I‘he .

.constrainta would be applied in the case of geolofical, drill hole,

P

. or other geophysical knowledge about the : ‘area of | tudy.A .
The advantages and disadvantages of this mode ling process will be.
discusged in the next section.
‘ :
‘ -
’ |
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5.5 Testing the 2.5-D Gravity Inversion Program

Tests' were conducted to check the accuracy of solutions derived by
the 2.5-D gravity ‘Lnversion program for different shaped bodies.

These e.h.ipes ranged from s}mple, rectangular blocks to complex .
bdsement topography. Dar_a for the tests were generated using the

2.5-D forward modelling program. This data was then inverted and the

resulting model was compared to the original mddel. In all cases, the
bodies were symet:ric, i.e. the strike—lengths on elther-side of the
" »

x-axis were equal. Additional tests V(not shown here) give similar

bodies. were symmetric, i.e. the strike—lengths ‘on either side of the

- x—axls were equal. Additional tests (not shown here) give similar,

results for asymmetric bodies. In addition, a comparision of the
2,5-D 1nversion program to a similar 2-D program .was undertaken to
show the effect of finite strike-lengths on the inversion process.

Figure 5.5 shows the results for four different simple bodies..

The important parameters for each body, including strike-length,

'density-éqntrast, and depth of burial, plus the results of the 2.5-D

inversion are sunnriari'zedr in Table 5.1, 1In each -caée, rhe
strike-length,band density of ‘,ea.ch body were assumed known for the
inversion.’ ‘ ,

A comparison of-eitﬁer models 5.5a and S;Sb, or rnodels 5.’51:. Kalnld )
5.5d4, shows t‘he importance of .having as many da‘ta points es éoasible -7

over the body. Tu both cdses, the greater number of data points over

the body make models 5.5b and 5,5d fit "the original models hetter than »

their-éounrerparta (5.5a and 5.5¢). Note that‘S.Sd doesn't fit 1its

original model as well as 5.5b fits ite original model. This can be

attribrxted to the relative narrowness of the gravity'anomly of'_the
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.

;secqu body, asbthe inverse prtcedure has difficulety fitting a model
to high aﬁplitude, narrow‘uavelenéth anomalies. Much bhetter results
are obtained for wider bodiea becau;e there 18 more 'room' to place
mass by inéreasiqg theideéth o% the bodx.

Models S.5e and 5.Sf iilusgrate thq~préblem’ofﬁsiqe—lobes. These
side-iobes are‘créated at the edge of the gravity model to help
compen;ate for a sudden ’l&ck'of mass' just off th; edges of the
profile. K Since I:he body is assumed to lle within the c&tfines of the

v

profile, bodies which start and end on the edges oﬁ a profile often
Te——

l»cauae large side-1¥bes ; “Note that inverted model 5.5f fits better

on(fhe right side than model 5.5e. The reason for‘:he improvement
was an exteﬁsion af the second x~coordinate of the inverted body by
_SIEQ, 111ust;ating.hov'seemingly minor chanfes can greatly affect the
resulting ﬁodel. 'An‘adjustment of‘thls’tyﬁé s;ouldn't be done unless’
‘there 13 geologlc or geophysical evidence to support the adjustment,

Bodies which start’ and/or end beyond the edges of the gravity °

profile‘also cause, side-lobes although these are very small when
rcompared to those mentioned previously. Figures 5. 5g and 5 5h show
;he sﬁbstantial difference between the side- Iobes of a body whose
edges are at the edges of the profile (5. 5g), and those of a body
whose edges are outside the edges of the. profile'(S Sh)'

The only way to eliminate or reduce the magnitude of the
side-lobes is to extend the profile off both edges of the body so that
;he body 1is contained within the»profile limits, This not only
‘reduces or4e11m1nate§ the side~lobes, it also proVides'a largér da ta

O
set_over'the area and a better model,

The next tests were conducted using dipping prisms for the .

original bodies. Table 5.2 shows the parameters and results of the

»
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Density
Contrast

+0.75

Thickness

0.8

Table 5.3:

Depth of
Burial

0.50
1.00
1.50

2.00

: s

37 10 4.99 60 ~0.073 0.288 3.62

7 e 4,99 30 -0.043 0,292 3.14

Parameters and results for a buried, body. All distances
are in kilometers. Density in g/cm™.

Strike-
length

Number of Calculated Thickness
Width Iterations  Mean 1 Variance (Center of Body)
10 3.76 4 0.015 0.221 0.50
. 4,30 7 -0.096 0.243 0.79
- 7.87 10 -0.210 0.416 1.02

* 11.90 22 -0.467 0.469 1.45

SL
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inversion. For dips in opposite directions, the shapé of the bodies
. - - : o

were not well defined (Figure’ 5.6), but the depth estimates-.were
satisfactorf. Al-_so, vhile a dif) .angle‘u.mnot.be detérmine‘d from the -
iﬁ‘\rerted model, the agymmetry of these moderls' gives the diréction'of
dip, with the ‘model’s ‘peak’ skewed to the up-dip side.‘
A Severalisimple’ geologic models were tested next. The first model
‘ "consideréc.;l was the basement step or vertical fault model.- Figure. 5.7a
shéws_ the anomaly and. inverted model for a ba.sement st;p model with a
vertical _th'roy: o.f ,3'5 km. The calculated depths t:(? ;he upper _at?d
lower basement are in very géod agte:ment with the original model,
The resulting ,mﬁdel'for the basement step waAs compared to a sloping
basement model. Figure 5.7h shows the inverted slope model. The
depth estimates of the lower Abasement and slope match the original
model. ‘A compariso;x of the two tje‘culti..ng models éhov_ts that théy are .
distinguishable by the 2;5-—0 gravity inversion pr."ocedure. Howe;rer,
distinguishability is ﬁot always at@imble from the inversion
procédu:e. Figure 5.8 shows that basement step and basement contact ;
models could g-enéra‘te very'similar anomltes,'mki-ng it 1mposéib1é for

) ¢
the inversion program to distinguish between the models, 1.e. a

-

basemenit contact uﬂy‘be-mistake'ﬁly interpreted as a normal fault or
sloping bas?ment. »Magnetic anomalies of t'he game area may help define
the cofreg:t model, A fimtlar situatioh maby o¢cur for normal and
reversed faults of equal, but opposite, dips and equal throws.
Pigure 5.9 1llustrates this ;;roblem well, as the inverted models are ‘
fndistinguishable. - :

A test to determine how well the inversion procedure could define

a buried bo&y was conductﬁed.w; As bg'fore. the strike-length and dgnsity

' c;mtrast were assumed known. The depth of burial was vq};‘ied/é}nd the
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results are listed in Table 5.3 and {llustrated in Figure 5.10. All
of the inverted models were the proper shape, however, the deeper
bodies were thicker, as more mass was necessary to fit,the anomaly.

As a final test of the 2,5-D inverse program, four irregular

polygons were uged. The calculated and 'obsgrved' anomalies, and the

true and calculated models are shown in Figure 5.11, a-d, The fit was
good for all four ﬁodela, although some of the finer details can't be
seen In the calculated models. These small features could poasibly

be detected if more data points were included 1in :he profile over

‘these features.

From the above tests, it can be éoncluded that the developed 2.5-D
' L]

gravity inversion procedure is a viable one. Several important

conclusions about the procedure resulted from the testing. These are:

7

; 1) Use as many data polnts as possible along the profile;

: »
[y

2) Smail width anomalies are difficult to invert propgrly;

3) S;de-lobes at the edges of the inverted model can be
eliminated or reduced if the edges of the gravity

profile are totally ou;éide the body edges; and

~

4) Unlike situations giving anomalies of similar magnitude Lo

.~

and shape will produce nearly the same model, as shown

above with basement step and basement contact models.

A 2-D gravity inversion program oinii;r to the 2,.5-D procedﬁre was
Iy . 4
written in order to test the effects of finite strike-length on the -

o

t
V
+
'
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1nversion process (see Appendix 2.3 for a program listing). Four'

-~

bodies were- chosen for the inversion. a wide hlog#, a garrow block a

basement gtep, and a buried bldock (see Figure 5. 17).. In all cases the
E

-density contrast and the depth of burial were assumed known, For the

3

2.5-D 1nverqe, the strike-length was also known. Table 5.4 summarize
the results of the teating.,  The testing consisted of generating gravity
profiles for the bodies using the 2.5-D forward modelling program and
the various strike—length;; then.inverting the P;tfiles usin; both the

‘ 2-D and 2.5-D inversigtvprogramsf In Table 5.4 the last c&lumn, giving
the calculated thickness at the center of the body, illustrates that
the decrease in strike-length and the accompanying reduction in the

, amplitude of the anomly caused tﬁe 2-D inverted models to becoye
successively shallower for successively shorter htrike—létgths; The
2.S=ﬁ iﬁvetse,_ho&ever, produced modéls of the.correct depth extent for
all strike—lenéths. 1¢ can be conclugpd'from this test, that 2-D
inversion is only valid for 1long strike—lengths, where the results
were nearly Identical to the 2.5-D 'results.

In conciusion, the 2.5-D gravity inversi;n program works very well
i1f two of the nmore Ihthtant parameters - dénsity and strike~length -
are well determined or known. Even 1f.a range of densities and/or
strike- —~lengths were used, the resulting set of possible solutions

would do much to constrain the models derived from any forward

modelling procedure., A proper determination of the depth of buria}

T

was found to be important when 1nverting the gravity anomaly due to'
- e :

a buried body. -0

o




A

Which
Body Inversion

2.,5-D

2-D

2 .S-D

2.5-])

2-D

2 .S-D

Density
Contrast

+O.10

+0.20

Width

50

Thickness

2

Depth of
Burial

0

Strike-
length

300

NA

100

25

NA

300

100

25

0.80
0.80
0.64
0.79
0.69
0.74
0.70
0.54

8.99

8.88

te
8.99

8.93
8.90
8.89
8.90

8.81

Number of
Iterations

4

4

76

#1

76
76
71
48

14

Mean
0.046
0.046
0.029
0.046
0.038
0.043
0.075
0.055

-0.129
-0.130
=0.130
-0.138
-0.128
-0.215
-0.108

ﬂ.186

Variance
0.045
0,045
0.037
0,044
0.039
0.041
0.035
0.028
0.511
0.504
0,511
0.505
0.506
0.474
0.511

0.482

Calculated Thickness

(Center of body)
2,02
2,02
2,02
2,01
2.01
1.95
1.99
1.57
7.08
7.11
7.08
7.08
7.08
6.82
5.73

3.41

66
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”

Which

Body Inversion

2.5-D
2-D
2.5-D
2-D

2.5-D

2.5-D
2-D
25D
2-D
2.5-D
2-D
2.5-D

2-D

Density
Contrast

+0.10

+0.50

50

Width Thickness

1/3

1.0

Depth of Strike-

Burial length

100

25

NA

300
NA
100
NA

25

3.20
3.20
3.22
3.18
3.44
4.93
3.93

3.85

2.68

& &
2.69
2.70
2,70
2,76
2 .73
2,27

2,51

Number of
Iterations

3
3

Mean

0.071
0.071
0.073
0.070
0.099
0.096
0.179

0.130

0.032
0.032
0.032
0.030
0.046
0.019
0.075

~0.036

Variance

0.183
0.183
0.184
0.182
0.192
0.280
0.197

0,208

0.157
0.157
0.158
0.158
0.160
0.160
0.128

0.146

Calculated Thickness
(Center of body)

1.03/2.99
1.03/2.99
1.03/2.99
1.02/2.99
1.01/2.96
0.99/2.78
0.99/2.62

0.88/1.79

0.29
0.29
0.29
0.29
0.29
0.28
0.28

0.23

001



5.6 Three—Dimensional Gravity Modelling

A 3-D gravity:m_odelling pz:ograrn ba';ed on the formula'tion (_)fd
Talwani and Ewing (1961) was written by M. Talwanl in 1965, This
original program was mbdified so that multiple body, 3-D gravity
modelling could be done on the VAX11/780 computer at Memorial
University. The Talwani and Ewing formulation uses a series of
c_oritouré in the x-y plane at different depths to describe a body.

This method was chosen because it can descibe bodies of arbitrary

shape, making it more suitable to. the description of the subsurface

geology of the Bay St. George Subhasin, and 1t is compatible with the

3-D magnetics program described Iin Section 5.7.
The program performs an analytic integration in the x-y plane
around each polygonal laminae describing the contours of the body at

depth z to get a value V , which 1s the gravity contribution due to

1 i

laminae {. Once the analytic integration for each contour ls complete,

a numerical integration in z is per.fnrmed by 1ﬁterpolatlng parabolas
on a \.'i -7, plane as shown in Figure 5.13 (Talwanl, 1965a). The
parabolas are iInterpolated with three points defining each parabola.
The areas between these parabolas apd the z-axls give the value of the
integral. In areas betweern two Vi 's that have segments of.2 paraholas
tMough them, the arithmetic mean of the areas hetween e;\'rh‘ s gment
and the z-ax/is"’is taken z;a' the integral value. The final summation-
of all areax between all parabolic sc.-gménts and the z-axis gives the
value of the anmﬂnly.“v
- . N
The input data for the program consists of the x-y coordinates of

each gravity station and the “m_lue of the anomaly at each.station,

followed by the lamina coordinates, depths, and densities of each

.




102

(
<
Ly

N 2

Z;

Figure 5.13 Graphical representation of the numerical .
integration for 3-D gravity calculations.
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-_-body‘. Ail-anomlies are in mili.iqals, all distances in k'il_on‘xeiters,
and all densities in g/cm 3. 'The‘output file contains the'xq—y
"coordinates of each gravity station and the observed? cﬁlc'ulate.d énd
residual gravity.; An analysis of the output can ' be used to .‘alter the

- ‘model until a su—fficient fit betwgen the calculated and ob"servéd
anomalies is ob‘tained. . | | | “

Test data for the Caryn Hount were provided in Talwani (19655)
along with output from his 3-D program. These data were used in the
modified program and the résults are 1dent1ca1 to Ta lwani s to the ls
declmal plac_e. Another test was performed using a sphere desdribed by
coqtour's at 0.5 km intervals. ‘Th‘e results, showz_-f-ir? Tahle 5.5,
matched theoretical values to wi‘thin 2. ‘From the results of these .
tegts {t wvas concluded that the 3-D xravitv modelling program was
wotktnu and could be used to Lnterpret d.ata from the Bay St. George

: hd
Subbasin.

S.7 Three-Dimensional Magnetic Modelling

A 3-D magnetic modelling progratﬁ was ‘wribten bagsed on the
formulation of 'falwani (1965b) (see Appendix 2.5 for a program
listing). This magnetic method is simils;r‘in procedure to the 3~D
g‘ra'vity prc;gr;‘m described previcusly, and .as t‘he bodies are described
{n the same manner, going from a 3-D gravity to a 3-D magnetic model
18 -a simple prnced‘ure. The pr.ogram mlcplates the vertf{cal and

- horizontal field components, and t\hn total fleld at each observation

point for all bodfes being used.
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.5 Sphere test results for 3-D gravity program.

oretical Calculated

Value Difference %

0.073 0.001 1.35
0.423 0.415 0.008 1.81
0.670 0.660 0.011 1.64
1.098 1.080 0.018 1.64
1.788 1.758 0.030 1.68
2.655 2.602 0.053 1.99
3.104 3.045 0.059 1.9¢
2.655 2.601 0.054 2.00
1.788 1.756 0.032 1.79
1.098 1.078 0.020 1.82
0.670 0.659 0.012 1.79
0.423 0.415 0.008 1.81

0.074 0.073 0.001 1.35



_strength at that part of the.Earth's surface, the declination and
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~

- The input data for the program consists of the total field

-

fnclination of the Parth's magnetic field in that area, the x—y'
coordinates and ohserved anomaly at each station location, ‘and the
coordinates and magnetic gusceptibilities of the laminae for each

body. Ai.l anomaly values are in nanoteslas, all distances in

kilometers, and all susceptibilities are ir'cgs units. The output

. file contains the x-y coordinates of each observation polnt, along

with the observed, calculated, and EBsiHual total field magnetic

,

anomalies. As Iin the gravity case, the 3-D model can be adjusted -
h;lsed on the output from the mg-gnet-ics.progmn; unti]: anracceptible fit
to the ohserved data is obtained. »

" Teat data from the Garyn Sea P,Iéuﬁt was provided in Talwani
(l965b).v This data was used to test the 3-D magnetics .modelling' \
program., Figure 5.14 shows the observed and calculated flields for the
Caryn Seéa Mount ;or a total field intensity of 53,800 nanoteslas, a
declination of MOH, and an inclination of 69.?.0 A3 suggested by
Talwani.

Another test was done using a sphere of radius 2 km with contours |
0.5 km apaft. Table 5.6 shows the theoretical and calculated values
for a sphere with D = 00, 1 = 45, and F = 50,000 nT. These results
are quite close, and it was concluded that the 3-D magnetlc program
worked and could bhe |;sed to help tnterpfet .the qu ét. George
SuM;asin. This res‘ult i8 not as close as the 3-D grfivity reault of
the prevlious section becauge the 3-p _magnetic modelling program is
more senailtivé th:m the grav_i.tyfprog.ram, t.e. the approximation of the

sphete was not close enough and more laminae would have 1improved the

results,
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—— Observed Aml'
~== Galulated Asamoly

vd-“"“ in k‘l

X distance in km

Figure 5.14 Observed and calculated magnetic anomalies for
the Caryn Sea Mount.
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Sphere test results for 3-D magnetics program.

g
" vyalues are total field anomalies.

oretical Calculated
Value Value Dif ference

B

-0.95 -0.86 -0.09 -9.58
-2.27 -2.50 0.23 10.13
-25.06 -27.03 1.97 7.86
~43.64 -45.78 2.14 4.90
-62.89 -65.15 2.26 3.59
-42.15 ~44.20 2.05 4;?6
61.71 63.89 2.18 3754
147.53 151.03 4.50 3.05
133.98 138.01 4.03 3.o1
87.27 189.80 2.53 2.90
81,72 53.83 258 4.08
130.65 32.44 1.79 5.84

3.88 3.60 -0.28 -7.22
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Chapter 6: Interpret;tion and Resulta of Gravity

p ‘ . . and Magnetic Modelliﬁg

6.1 Introeduction

.

This chapter discusses the results of the gravity and magnetic ,

modelling and glves a geophysical Interpretation of the data. A

- -

quali;aiive inpefpret;ti;; of the original data aﬁd.the residual maps
(see Section 2,3) was done first in or_der to delineate fanlts and
determine the subsurface extent of the various anticlinal ;ﬁd
synclinal features 1n~the study area. Next, a study of thé surface
effects of possible buried magnétiée lenses was done to determ;ne

thelr significance in 3-D modelling.

The 2.5-D dravityiinversion program discussed in Section 5.4 was

\Ehed on profiles across the subbasin 1in order to determine the
5asément topography and the thickness of the se@iments. The
resulting 2.5-D°model was used as an inttial model for 3-D modelling.
Once a éood fit between the calculatpdﬂand nhserved gravity was
attained, a magnetic model Hﬁs dgne on to check the validity of the
3-D gravity model. Finaily, an interpretation of the model’results

was undertaken and compared with the geology according to

Knight (1983).
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6.2 Qua‘iitative interpretation of the gravity and magnetic¢ maps

Before the actual modelling took p}ace, a qualitative
interpretation of the gravity ;nd magnetic haps was undertaken. This
determined the subburfa;e exten; to the various anticlines and
synclines in the area, and delineated faulté. ,The gravity and
magnetic maps discussed in this section can be found in Chapter 2.

.In the Bouguer anomaly wa p (Figure 2.2}, five major features of
the study area can‘be eaéily discerned: The Flat Ray Anticline.hthe
Barachols Synclinorium, 1he St. Davids Syncline, the Shoal ?oint
Fault, and the Long Range Fault (see Chapter 3 for a complete
discussfon of the geologic terms used hera). The Flat Bay Anticline
is ind{pated by the relative gravity high in the north-central map
area ('A% in Figure 2.2). The Barachois Synclinorium 1s outlined by

the -—16 mGal contour line ('B! in Figure 2.2). St. Pavids Syncline
is indicated hy the deep low near the coast ('C'An Figure 2.2).. The
Shoal Point Fault can be roughly traced by a 1ine pﬁtqllel to the

contours at 'D' in Figure 2,2. The tightly bunched contour lines in

the eastern part of the study area locate the Long Range Fault,

At 'location 'E' in Figure 2,2, there ls a bowing of the contour

lines, indicative of a fault that isn't shown on the peology mip. The

Crabbes Brook Fault appears to have little expresalon on the Bouguer
“

anomaly map. This is prohably due to its cleose proximity to the Flat
Bay Anticline and the Barachois Synclinorium, and these strong high
and low gravity features may mask the expression of the Crabbes Brook

+

Fault.
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The Sth—ordet residual gravity map, obtair;led vial trend analysis as
described in Section'2.3', is shown in Fig‘xre 2.6 and elucidates -the
bconclusions’reached from Figure 2.2, 'i'he lette.rs 'A' through 'E’
represent the same structures on both maps. The fault at 'E' is
better delineated on the l'BBidl;al map, and appears to be continuous
across the éntire bagin. An apparent basement high at 'F' appears to
be bounded by the Shoal Point Faum and another fault (G), -
both trending northeast. Another f.ault 1s delineated at 'H' on the ~
residual map and is approximtely at the position Qf a fault on the
genlogy map (Fivguré 3.1). PFinally, the mgh at "L' is the Anguille

~- /
Anticline,

RN .

The 25-point averaged qeromgnetic map of ‘the study area (Figure 2.95)
reveals only two features: the Flat Bay Anticline ar{d Mt. Howley,
The Flat Bay Anticl‘ine is outlin'ed by the high region aro;lnd ‘A’ 1ﬁ
Figure 2.5, and Mt. Howley appears as a kink in the northeasterly
(trendin;z ¢ontour lines at 'B'. The bas;in area :I:s shown clearly as an
area of_ smoothly varying contour lines trending approximately
southwest—-northeast. Faults within the basin, for example' the Crabbes
Brook Fault, have little appireat magnetic expresalon, suggesting that
these faults may not extend into the mgnetlc basement.

The 5 th-ot‘der residual magnetic Anom ly map ohtained by trend
analysis (see Section 2.3) and shown in Figure 2.7 shows other features
not seen in Pigure 2.5. One unus‘mll feature is the ?elntive ﬁigh
located between the two zero level contours ('Al' and 'A2' in
Figure 2.7). This region doesn't correlate well with either the

geology or gravity maps, and could indicate a zone of higher magnetic

susceptibility in the basement. The other high region, at 'B', is

-
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Pl
caused hy sources Just outside the subbasfin. The subbasin can be seen
as the'negative area to the west, fncluding the positive area between
'Al' and 'A2'., An appatrent fault at 'C' (Figure 2.7) matches the

location of the assumed fault marked 'E'.in both Figures 2.2 and 2.6.

6.3 Surface effects of possible bagement lenticular magnetite
'depogits on gra?ity and magnetie interpretation
‘As mentioned in Chapter3, there are ienticﬁlar magnetite deposits
located'at Indian Head and Steel Hdﬁntain (Heyl and Ronan,zl954;
Baird, 1954);5 An analysis of the strikes and dips given for the
lenses 1in Both areas indicate a strike of N70°W and an approximte qip
of 25° NE. . -

. -

In order to test the gravity and mapgnetic effect of magnetité

lenses,- a- lens ZOQ m long, 50 m wide, and iOVT~EhiCk representing the
largest probable lens that would be found, in the Basement, was
> modelled. (Heyl and Ronan, 1954, Balrd, 1954). For both the gravity
and mégnetic tegts,‘yhe lens was burled Qt six depths ranging from
0.0—0.5 km and the respective effect calculated.:
For the grayiiy test 5 density of 5.12 g/cm3 (Telfbrd, et.al.,
; ' 1976, p. 28) was used, giving a density contrast of 2 .40 g/rm3 with
the basement. The maximum effect wa s only 0.45 mGal; which 1s les;

than the uncertainty in the gravity observations. Therefore, it was

assumed that magnetite lenses of comparable sfize Iin the hasemefnt would

show no surficlal gravity effects.
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For the magnetics test, a nng;;tic susceptibllity of 0.50 cgs
units w;s used (Telford, et.al., 1976, p; 121). The maximum effect
was at the 0.0 km depth and was A 82000 nT.. However, thi§ effect
diminished rapidly with deﬁch, so that at 200 m the effect was only
95 nT, indicating that the effect of the lens would only be noticable
1f 1t were Qery close to.the surface. Therefore, as with the gravity
case, the magnetic effects of magnetite len?es in the basement would

be minimal, and can be ignored in the modelling procedure..

.4 Results of the 2,5-D gravity inversinn

The 2.5-D gravity inversion prégram described in Section 5.4 was
used to obtain an initial thickness estimate of the sedimentary
section and to determine the relative basement topograph§ 1n‘the study
atea. A serles of gravity profiles across the area were inverted by
the program (eee Figure 6.1), The proffles were generated by using a
transection programton the data, and all stations wjthipﬂl km of each
profile line were included. There were 16 pfof{los across the
geologic strike (numbered 1-14, 1S, and 2S in Figure 6.1) and four
profiles nlong the geoclogic strike (numbered lB—bﬁrin'Figure 6.1). A
total of 143 different stations were used in all the ﬁrofiles.

For each profile, a model was calculated using a density contrast
of -N,18 g/cm3 between the sediments and basement as calculated in
Section 4,4. Since this density contrast is negatiée, stations with
positive anomalies were removed from the profiles leaving "65 1 of the

original 236 stations. Also, a strike—length for each body in the J’

Y direction had to be assigned. For the 16 profiles across the geologic
-
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strike, an overall strike-length of 60 km was used, The other profiles ‘P
used a 30 km bttlke/length. '['heae two strike- 1engths were measured

from the center of the study area, therefore-all the calculated models
are asymetric. The strike-le’ngt_hg w;ere estimted by using a geblogy

map, A.ppendix 3.1 lists the Y strikeelengtha, the sum of‘the. square(‘s

of the difference between the calculated and observed gravity (E-v). ‘the
number of {terations, the mean, and the standard deviation of each

resulting model. Plots of the models are shown {n Appendix 3.2. The

caleulated thickness of sediments at each station. was plotted

(Figure 6.,2), with the depth estimtes of stations that were shared

v

between profiles being éveraged. The depth ’estimat'es' at the shared
stétto'ns were within 0,5 km of each otherlin' most ’CKB-ES., with only a

few areas having cross—over differences of gréaf;r than 1,0 km. Affer

‘the removal of the effects of the known salt’and gypsum -deposits
" (Section 3.4) and a proposed salt diapir at 'D';a contou;' i)lort of the
1nf;3rred basement topography ‘was drawn (Figur; 6.3). The rémoval of

the evaporite hodies' effects was done_by smoothing the contout:s nea;r

th;: deposits by ignoring the deep apparent sediment thicknesses
assoc;'ia'te'd with these deposits and contouring the rest of the points.

4n Figure 6.3, large features, such 'as the Flat Bay Aﬁticline'and

the Bafacho_is Synclinorium, are easily'idencified (see F‘igure 3.1). .

S.t'. Q_avids Syncline 1s evidenced by the 8 knm sediment _thickne;s near

the coast.‘ Other sedlment thicknesses, marked ‘AT, ;B', and 'C’ in

Figure 6.3, are not readily apparent. from the surface geologic expreasion.\
’A' is an apparent basement rise wh:ch éould be a nottheastern exter;tion .
of the Anguille Anticline. The basement Tow at 'B' could, be part_ly, but
.

not entlrely, explained by. the Fischells Rrook salt diapir. The other

feature, a basement low at 'C’ ,'has ‘no apparenr. surficial
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r;elationsriiip, However, two minor faults, marked *1' and '2f, can be
extended as shown 1n‘,l"‘1xzure 63 and thus become major faults within
the BarachAojrs Group area,

According to the 2.5-D model, .the Crabbes Brook F;ault ha»s an
apparent downtﬁ;lpw to the west of 1.5-2.0 km at the northern end,
r‘educed to 0.5 km near the Angullle Aqticline. The Shoal Point Fault
(see Figure 6.3) has an appare:t dowﬁthrow to the north '\40;(') km. The
'Bar;chols Synclinorium {is wel} defined by a series of
north-northwesterly trending basement lows with an -average depth of 4
km. -The Flat Bay Anticline is ea<811y seen jus't to the west

(Figure 6.3), The average thicknees of the sediment® In the Brow Pond

area 1s ~1.,9 km (Figuree ‘1.1 and 6.3), The thickness of the Ar;guille

)

strata fn the southern paré of the study is not well defined due to a

-

scarcity of'dafa points in the area.

In cor;clusion, the 2.5-D inversion program‘géve an estimate of the
basement topograi‘ahy, s‘edir'nent thickness, and' fault and galt deposit
locations., Features 'A', "B', and 'D' appear to be r.eal stn;ctures, as
thvere ;lre posslble.geologic explanations for them. 'C', however, is at
tvhé'edvge of ‘.Provfi‘le 12, and may be only a invention of the modelling.

7 The fault identified on Vb_or.h the gravity and magnetic maps ('E' in
Section 6.2) was not ‘8een becausa the p;rofiles were réughly pafallel
to 1t, and'the along strike profiles didn't have a met of data pointa

.

near;enough to it, Most other features identified on the maps dtd

3

appear in the 2.5-D model, ' .
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6.5 Resultg of 3-D gravity and’mgnetic modelling

After the 2.5-D {inversion modeﬁ‘was completed,nit was digitired
and used as an initia.l model for the 3-D gravity modelling program
(descibed in Section 5.6). Since the determination of sed{ment. V
thickness was the foremost consideration, it was decided that only
bodies representing the sedimentary section would be. used, with all
'sedimentary block deqsitiée being compared to‘the basement density of
2.72 g/émaas defined in Section 4:14. The measured density of the
bisement is therefore assumed to be approximately equal to the mean
Iregional density., Since all -density contrasts were negative, the
sta'tions with ‘positi've Bouguer anor;nliés were eliminated, leaving 204
ouc of the origina»l :236 gravity atations. All the eliminated svta'tions
were either outside or close to the edge of the sedimentary area, and
therefore contribute little to the modelling process.

~ ~§

ds a flrst test of the validity of the 2. 5-D model, a 3 -D model was

E Y

done using a single sedimentary body with a density contrast of

. B : ° 7
-0.18 g/t:m3 4-,_the same a8 that used in the 2.5-D modelling above, The

results were good; 'with 64% of .the g'ravity differenceé being< 4.’) mGal
_an'd 411<2.0 mGal, Out of 204 stations, only" 20 had differences >5 mGal.
Since the effect of salt bodles was ignored, the correspondence between
the calculated ahd observed gravity values is excellent (see Figure 6.4),
The Aarea was next di_vfded fnto seven dif ferent sedimentary bodies
and a serlies of salt and gypsum deposits based upon the geologl
discussed in Chapter kP ’I‘he bou.ndaries of the sedimentary blocks,

shown 1n Figure 6.5, are hased on surface geologice contacts between

v
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Table 6.l: Density contrasts for 3-D modelling. .
Numbers identify bodies shown in Figure 6.5,

Density
Body Contrast (g/em”™)
" Gypsum deposits -0.44
St. Fintans Salt . -0.35
Robinsons Salt - -0.21
Fischells Salt -0.44
Suspected“SaIt R . -0.18

A S ' .
Anguille Group (1) ) -0.09

Fischells Conglomerate (2 & 3)
(Sheep Brook and Flat Bsy Anticline) -0.40

Robinsons River Formation (4) -0.25

Jeffreys Village Member (5) -0.25

Brow Pond Lentil (6) , -0.14

Barachois Group (7) ~-0.23

.

+
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the various lithnlogies. Denﬂltx contrasts for each body resulted
from a weighted averaging of the densities of the differing
lithologies whichrmade up each indi;idual bédy. The averaging was
done as described in Section 4.3, with the total thickness being based
on the rgsulfs from the 2.5~D inversion and not on the geologic
estimates, A 3umméry of theaé dengity contrasrs can be found in

. Table 6,1, aiogg with the asaqmed density contrasts of the various
salt and gypsum deposits.

The calculated gravity based on the model taken from the 2.5-D
m;del'is shown in Figure 6.6,'and the difference in gravity between
the‘caiculated and observéd fields (ohserved-calculated) is shown in
Figure 6.7. From the difference map, 1t 18 obvious that the éarachois
Block should be thickened somewhat aﬁd,the Jeffreys Village Block |
should bhe thinnéd.‘ Alsé, it b;came apparent that the stations marked
'a'—ud' were either a) bad data points, or b) new salt or gypsum
deposits. The fifsf twé points, 'a' and 'b', exibit very local and
incogruous aﬁoﬁalies. In these cases the anomaly was centered at
that polnt-and the effect was not witnessed at.any of-thé adjacent
poinfs; In fact, these anomalies were so different from those around
them that it seemed certainaphat they were bad data points, and

therefore were eliminated. Points 'c' and 'd', however, exhibit

effects on surrounding points, leading to the conclusion that the:
agsociated anomalies dre real, and therefore these were considered

to be probable Bsalt, or gypsuﬁ deposits. It was decided thmt since
!

they do produce a fairly large effect, that, they are likely salt

deposits, because ‘1t was discovered during the running of the first

model that the gypsum deposits used made virtually no difference to

~
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the model, as the maximum anomdly was 0.23 mGal. The use of salt
depogits at these points effectively eliminated the differences in
cakculated and obsefv¢d gravity 1in those areas, Finally, major

revisions in the Anguille area were necessary as expected because of

‘the lack of contrdl from the 2.5-D model.

Adjustments were made to the first gravity model by using the

tofinite slab formula (Equation 5.2) to calculate a change in the

thickness based on the difference in calculated and observed gravity
'a; all the stations used in the modelling. In this minner, new depths

to basement were calculated, then plotted and contoured, resulting in

i

a“new model. 'Sﬁcceséive adjustments :6 the results of additional
models led to the final model - model 4 (Figure 6.8). .
Figufé 6.9 shﬁwg the gravity difference m;p for médel 4. The |
agreement is gbod ;lth thé exception of ;he area near the St. MNavids
Synciiha, and near the new salt deposit at 'A' in Flgure 6.9. An

. A3
additignal 200 m of salt at 'A' would correct the corresponding

"gravity’dtffereﬁcé. The St. Davids Syncline sediments still need to

be From 0.5-1.0 km thinner. Otherwise, all differences are <4 mGal,
with most (717) belng<2 mGal. -

The faults delineated by 2.5~D modelling are still present in
o g

‘model'é,vbut another major fault ('B' 1in Figure 6.8) is necessary to

explain the 'break' in the Rarachois Synclinorium at this point. This
1s in the same location one would infer from the magnetics and residual
gravity maps (Section 6,2), The bagsement high at 'C' 1s probably a

huried extention of they Anguille Anticline as postulated earlier, but.
: L

It could also be the result of block faulting. The relative basement

&
i

low at !D' (Figure 6;8) 1s a northward extention of the Barachois

Synclinorium on the upthrouwn side of the Crabbes Brook Fault.
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low at 'D' (Figure 6.8) isa northward extentiom of the Barachniq
»Synclinorium on the upthrown sideof the Crabbes Brook Fault.

The'Crab‘bes Brook Fault has a downthrow of 3 ka to the east at
the nort}nern end, changing to 0.5-=1.5.km in the southern end. The
Shoal Point Fault has a downthrow of 4.5 knm to the north.

. Barachois Synclinorium sediments have thicknesses ranging fré)m
4,0-5.0 km, with the thickness increasing ‘to the north. Gediméntn in
the St. Davids Syncline are 6.0 km thick‘: Sediments 1in the Brow Pm\d i
area have an approximate thickness oF 1. 5 km, with a maximum of 4.0 km
5 km"north of Mt. Howley.

‘ Tne Anguilie area in still not well neflined;. aTrhough there 1is
_some evidence for a new fault ('H' in Figure 5.8). An additional
result of the 3-D modelling was a fault marked 'I' on Figure 6.8.
‘There 1is a uujor doélnfaulting of ;p to 3 km to the north of thisA
fault. The calculated thickness of sediments to the south of this

- fault wa s only 100—509 m. Other Anguille Sedim«-\ntq were found to be
frofn 55.5-4‘.0 km thicli‘, nith an average of .1.5‘!(0m overall. P

The three p‘ostu'lated salt deposits .Q'E', "l"', and 'G'. 1in
f“igure 6.8) exn]ainéd the differédnces between calculat-ed and observed
.values in‘ thoéé arcns well.l- 'E' 18 postulated as being similar to the
‘Rob(insona‘ or. S‘t.'PintanS»saltl deposits (se;e Seetion 3.4), énd is
0.6 km in thickness. 'F' and 'G' are salt diapirs with thicknesses
“of 0 75 km and 0. 14 km, ‘respectively, and diameters of V1.0 km, making
thenm similar to the Pishells Brook deposit. The Fighells Brook
'deposit had:a final thickneén of 1.0 km anni a dianeier of 1 km. The

other two known salt deposits — the St. Fintans and Robinsons

deposits - were left throughout the . modelling at 0.3 km thicknesses.
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After model 4 was aecepted as the gravity model, a basement hlock
based on the gravity modél‘ was used in the 3-D magnetic modelling

program (see Sectibn 5.7 for details on the program) I}his was used

3

mainly to check the validity of the gravity modelling by aeeing if
the correct shape of magnetic expression was obtained. More detailed
modelling wasn'£ under taken l_)eca11§e the thickness of the magnetic
basement was not an Ai.mpo_rtant consitdera tion,
The resultin; megnetic aﬁomaly plot (Figure 6.10) agrees with the
‘original‘ maénetic mép (Figure 8,4) 1n repards to sh.;pe, elspecially
" west of the Crabbes Brook Fault. The locatfon of the mgnetic high
(A 1n Figure 6.10) appears to be Shifted on this map/wlth respect to
the 25-point averaged aeromagnetic n‘.*;;; (Figure 2.5). A logical

explanation can be found if the original, unaveraged seromgnetic map

1s examined. Figure 2.4 shows the total field aeromagnetic map before

averaging. Note the double magnetic peak in the area in question. N

When the averaging was done, the location of the data .pointa made the
magnetlp high plot towards the ;nore easterly magnetic peak. ’I'Eus the
.model satisfies the original -unaveraged da'ti- we\11. | »

The easterly magnetic peak mentioned ab'ové 18 caused by a‘ la;-ge
change In magnetic susceptibility in the basement; a l.ens. of
magnetite, or a basement Eise in the area. An examination pf the
Bouguer gravity‘anomly !lnapA in the area rules out a.'basement rise 1f
a constant densit_:y 15 used, The lens of‘mgnetit; 15 8lso ruled out
by -studies done in S'ection 6.2, as the dept'h' t>o basemem: from grav'ity

8 1.0 km in that afea. It can therefore be concluded that'a change .

in- susceptibility corresponding wlth weasured susceptibillties

(see Section 4 4) has caused this easterly peak.
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’

In the rest of the study.area, the data f.itB well, x;rlth the
" exception of Mt, Howley, which hag a much higher calcula ted expression
than on the Qbserved data. From Chapter 4, 1t would seem that a good
explanation would ‘be that the hasement s not of a single magnetic
susceptibility, but of several. The magnetic susceptibilicy that was
t‘used, 0.001 cgs unitg, was & median sut;ceptibility from all
measurements dene., From the re.;;ults 9f the maghetié model, 1t would.
appear that at least 3 bodies ‘of diff’erent mgnetic susceptlbilities
are needed to explain the observed fieid totaily, However, as the
present model fit the shape of the original field ;well, 1t was decided
- that thismodel was acceptable as a demonstration that the sha’pe
deduced for the basement surf;cg from the gravity data was. conslistent

. Y
geometrically with the magnecic. field data.

4

6.6 A comparison of the 2,5-D gravity inversion model with the 3-D

forward gravity model.

.

)

A comparison of Figures 6.3 and 6.8 shows a great simflarfty
between rhe 2.5-D model and the fimal:  3-D model. The locations of the

sgment highs and lows difd not change appreciably, only the depths

were adjuste.d. Sediment thickness calculations for the 2.5-D model,

particularly in the Barachois area, compare very fa‘vorably with the
3-D results.

Figure 6.11 shows a cross—section running near Robinsons River,

’

which 1s located at almost the cenrfr of the. study area (Profile 'ZS ).

~




132

& .9
3
[
M
b
o0
\‘\
\
>
/fé
NA WA W W
VS AN NN
Vv WY
o
X
N WY SA W AN

“
=

H

>

/.k

=
I i

25
FH Anf;clc.-‘ Lavq Rigen
) (’;’e) Fauld (CBE) ,,‘._\,..:l, g V(F’ ;g‘
neliwo ¥t .
b W es =

WRT S A A AN A

633-\

ﬂilure 6.11

FpA

MOD A AN n
MBI A N NA WA A A

Cross—-section near Robinsons River showing geology.
and 2.5-D and 3-D gravity models.



The figurg shows the 2.3~D and 3~D models derived by the modelling

process, and-the g'eologlc model from Knigﬁt (1983). The 2.5~D model

.is a result of the 1nversion of profile ZS‘v (t.he' gravity fir can be-
seen 1n Apbendix 3.2p). “The 3-D model also fits the ohserved ‘gravity
well, although there is a difference of 2 mGal in the Barachois area
(see Figure 6.9). Both models are fairly consistert with the geologlc
cross-section. especialy the 3-D model

The marked similarity between the 2.5-D and 3-D modelé 1s
especially encouraging when the modelling time difference ls

considered "The 2.5-D model was put together in less than 2 days.

Average CPU time per profile was only 6-seconds, or a grand total of

2 mir;gtg's' 0s:41) f;r th'e whole model of 20 profiles. 1In comparison, the
3-D bs(:"*sin‘ model took a month to perfeét,‘ due to the massive amounts
of digitizing necessary for the many dep'tli contours for each bod&.
Average CPU time per run was close to 3 minutes. -

The ﬂsiniilarity of the final 3-D model to the originmal 2.5-D model

‘occurs because good' geologic and density controls were used 1o

determining the 2.5-D model. Therefore, the 2.5-D modelling prograrﬁ_

regults in a quick yet accutrate picthré of the bagement~sediment

Interface and an estimate of bthe sediment thicknesses in a hasin.

\

6.7 Summary of results -

The gravity modelling of the.subbasin has resulted in an model of
the bdisement topography and a délineation of the subsurface extent of

majbr geologic features. Pigure 6.12 is a surface geology map based

f
i
f
|
4
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on the results of the ‘modeblling'a_nd Figure 6,13 15 a h;sement

topography plot based on the 3-D modelling with: the ‘major‘ subsurface

fea tures llabhelled. In Table 6.2, a sunimary of th;e ‘features shown on
Flgurés 6.12 and 6.13_13 presented. As a result of the modelling,
se_\(era]; "new' faults weré mapped, and the throws of the Crabbes Brook
and Shoal Point faults were detefmined. Three salt deposits were also
postulated to/gist based on the grdvlty modelling. These appear to be
significant, particularly the two diapirs in the Crabbes Brook area

('s1' and 's2' in Figure 6.12). The one p?stulated near the coast ('S3')
could be. a very large gypsum deposit‘instead of salt. 1If so, it could

be ecan')mic, as its extént would have to be greater than the salt

body that was used bectause of a lower density contrast (0.10 ;z/cm3 or
legss from Section 4,3). o A .
By far the most signifidant result of the comblned 2.5 and 3-D

modelllﬁg was the determinatfon of the subsurface topogtaphy of the

basement-sediment Interface. The extent and thickness of sediments

‘in the Barachoig SynclinoriumAand St. Davids Syncline were determlned;

ias were severalother features that canft be delineated from an

‘examination of the geology. Also, 1t 1s now possible to give an

approxim tion of the thicknesses of the various sedimentary sequencesr
in the study area, The only area that was rot well défined was 'the .
Aﬁguille Group in the southern part of.the study area, and this was due
entirely to'a sczrci‘ty of gravity stations in the area. Y

Table 6.3 is a l1st of the ééologi; gni‘ts, along with a ;thiéknes.s

egtimate based on the modelling ami the geologlc estimates from

Knight (1983). 'The ‘thickness estimates from the modelling were done

using a method similar to that for determining densities described ¥
¢ . ’ '
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Table 6.2: Features labelled in Figures 6.12 and

Feature ‘Description
A ' Fischells Salt
R : Robinsons Salt
c | St. Fintans Salt
s1 New salt diapir, 0.75 km thick.
_ 52 : Newz salt diapir, 0.46 km thick.
S3 " New salt deposit, 0.6 km thick.
" New fault in Baréchois a;ea tronding *100°T
New fault :in Bhrachois‘area trending '.0200T -
New fault in Barachois area tfendlng =115°T .
New fault near Anguflle Anticlinorfum trending “080°T
i .
Faﬁlt trending from 0500-0700'1‘ markirig southern terminus
: . of Barachois Synclinorium ‘
Lows associated with Barachois Synclinorium
Highs assoc‘ia'tea wit'h Flat Bay Anticline
St. David's Synclin;e

Northward extention of Anguille Anticlinorium

-
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Figure 6.12 Final surface geology map based on the results of
model 4.
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lLegend for Figure 6.12 .

Sy;bél » Description
Fault
. Geologic Contact
¥ Anticline
Syncline

Oy D, F,G, ete. Feature Discussed in Text

1 ’ Pre-Carboniferous Basement
2 ‘ " Kennels Brook Formation ’
3 Snakes Bight Formation
4 Friars Cove Formation
s 5 ’ Spout Falls Formation - .
54 . ' Fischells bonglomerate
6 ' ~ Ship Cov!-Forﬁatibn .
7 . .Codroy Road Formation ’
g . B. - Robinsons River, Formation (undiyi&ed) N
¢ 8A° - ‘ . -_ Jeffreys Village Member | -
88 ‘ Highlands Member ..
8E ‘ / ~ Brow Pond Lentil .
IL . - - Undivided‘Barachols Group
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Figure 6.13 Final basement topography map based on the results
"of model 4. Contours = depth in km. Faults are inferred
faults shown in Figure 6.12. (scale = 1:250000)

5335

5330

5325

5320



139

Thickness estimates for the lithologic units
of the Bay St. George Carboniferous Subbasin.

Formation/ Thickness from Thickness from
Member Knight (1983) modelling
Kennels Brook Fm. 3200 m, 714 m in ?7, certainly
the crest of the <2000 m in the
Anguille Anticline. study area.
Snakes Bight Fm. 1000 m SE of the 1000 m SE of
Snakes Bight Fault. Snakes Bight
fault.
Friars Cove Fm. 500 - 3000 m in 700 m.
the NE Anguille "
Mountains
£
Spout Falls Fm. 780 m NE of Snakes 4 1000 m/
Bight Fault/ 2250 m ? (no data).
W. of Codroy Pond.
Fischells Cong. 50 - 200 m. i 500 m.
Ship Cove Fm. 18 - 20 m. no more than
100 m.
Codroy Road Fm. 125 - 140 m. no more than
300 m.
Jeffreys Village Mem. 1400 m/2000 - 1200 m/ 2000 m
2100 m SW of the SW of the Flat
Flat Bay Anticline Bay Anticline
Highlands Mem. 884 m near the coast. 1000 m.
Brow Pond Lentil ? 1000 - 2000 m.

Barachois Group 1500 - 1600 m. 1200 m.
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# 4

In section 4.3. The process was worked in reverse to defermine

individual thicknesses from an overall thickneas through the use of
. [ ::"t T,

the percent composition!:r‘ff%ach member of gvery geologic Group
h

represented in the 'até_:a'.” The results shown in Table 6.3 show that

the gravity'm;del is in "aglreement with the geologic estimates of

depth_ot: burial.
Finally, a magnetic model was done and an acceptible geometric -
n the calculated mghghtlc expression, showing that

<
- . [
the model derived from gravity modelling was of the correct shape.

shape was obtained 1

Sa

3

i
£
1
5
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Chapter 7:° Conclusions

-
<

Thé Ba_y St. George Carboniferwus subbasin iAn Western Ne‘wfoundland
was studied throu the use of gravity and magnetic data collected
there. These datd were proceased and Bouguer and aeromagnetic ;:otal
field anomaly maps were generated. These maps were then reducgd to

residual anomaly maps by removing a régional trend from them via

trend a;ialysts. These maps were examined. qualitatively to detelimine<
the locations of major Zeologic features, B

The geology of the subbasin was examinedvnext‘. Knight's report
(1983) gave the sedimentary geology of the subbasin. The geology of
the basement was determined by an ex:iminatlon of rocks from the Indian
Head and Steel Mountain outcrops just outside of the study area. It

was dec’ided that the basemént was of gimilar character to these
’ i . N
outcrops. N : o

The physical properties of ;he hasement and sedimentary rocks were
determined and used in the computer modelling of the subbasin. The
denaities determtned vere 2. 54+0 09 g/cm and 2. 72-00 35 g/cm for the

3

sediments and hasernent respectively, and the magnetic susc'e‘btiblilties

were negligihle in the case of the sediments and ™1000 X 100 cgs

~units for the hasement samples,

As a result of the gravity modelling, the basement topography was

determined, along with the delfneation of major faults, new evaporite
deposits, and sediment thickness estimateg. A comparison of Flgureq
3.1 and .12 ghows that the gravity model confirms the aurface geology

from Knight (1983) to a large extent, with only a few differences and

most of them being from features with no surface expression. The final
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geophysical model was determined using the combined gravity, magnetic,

M °

and geologie signatbre,of the region.

The value of the 2 5-D inversion prograni was also confirmed, as
the model derfved by 1t was nearly identical geometrimlly to the
final 3-D model. Also, the tlme saved by using the 2.5-D Inversion
process rukes it verx practical. However, it ﬁust be stressez;l thaf
{;ood dénstty>and gedlogic ;:(mtrol and a fl'airly large.numbér o_f g'z;avity_
stations In an area are essential to a good estimate of the basement
topography. The good results’ ahbtained here are a result of good
control over the abova factc’)rs.

Knight's model of the structu:'al. evolution of the Bay St. George
Carboni ferous Subbasin was supported to a Large extent by the modelling
results. The orientation of the 'new' faults are consisterﬁ with the -
struct(Lr\al conclusions reached by Knight (see Section 3.3), as they can
be interpreted as synthetic—ant‘ithetic conjugate faults A;so. In |
additfon, the‘orientationdé/f the major fold axes were not altered By the
modelling, further supporting Knightfs colnclusions.' In other words,
nothing was évidenced f)y, the modellipg to change the hasi.c :lnterpfeta'tion

on the basin as a wrench-fault system.

The basic understanding of the ‘subaurfaée geolopgy gained through

the gravity and magnetic modelling'will hopefully be useful in other
ntud.ies. in particular‘t,he ona‘hére—-offshot(e gravity and 'magnetic
corr'ela,.tions and . the selsmic studfes bheing done at this time in the

Subbasin.
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Appendix 1.1: Gravity data for study area.

station
nurbers

102
103
104
105
106
107
-108
109 -
110
111
112
113 .
115
116
117
118
121
122
350
349
348
347
346
345
344
343
342
. 341
340
339
338
- 337
336
335
334
333
332
331
330
329
328
327
326
325
324
323

~

‘.

»UTH coordinates -

easting

360.694
362,585
368,117
367.655
370.780

372,736
373,235
373.231-

378.666
381.061
384.305
387.729
389,065
389,324
198.456
390,895
395,327
398.198
365,196
365.708
366.211
366.723
367,235
367.370
367.146

367.289

367.429
367.330

'367.220

367.609
367,997
368.015
368.033

» 367,924
©367.448 -

366.835
366,729
366,744
367.246
367,882
368.388
368.904
369.533
370.167
370.795
371.307

northing

5325.553
5342.189

5324.266

5336.508
5343.109
5330.833
5319.703

5353.062 -

5329.593
5337.326
5350.602
5336.079
5328.270
5341.607
5353.668
5346.024
5344,829
5339.218
5326.858

5327.402

5327.868

5328.434

5328.979

5329.654
$330.516 /

5331.313

-5332.199

5333.091
5333.81¢4
5334.530
5335.222
5336.000
5336.778

" 5337.536

5338,159
5338,663
5339.221
5339.866
5340.377

5340.840

5341,551
5342 .318
5342.860
5343.257
5343.798
5344.398

v
elevation
(feet)

570
75
850
250
255
370
1250
5
925
615
455
1025
1550
1150
1180
900
650
1120
649
599
475
364
317
256
264
251
333
374
470
‘495
419,
329
172
154
255
207
160
223
291
230
273
218
\, 141
171

132 - °

137

) Bouguer
anomlies(mGal)

-11.4
'24.2
_307
~16.8
-14.5
-14.3
22.4
-20.7
0.9
-15.7
-23.8,
1.0
1300
-4.6
-0.7
-9.4
3.6
15.0
~7.6
-8,6"
-10.6
-11.0
-11,3
~10.1
~-10.0
-9.8 -
-9.7
' -9.4
-10.4
-11.9
-12.5
-14.4
-16.0
° -16.9
~19.2
1.4
-21.4
-20.3
-19.1
- -18.5
-17.8
-17.2
-15.5
-15.6
-14.5
-14.1

y
i
L
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Appendix 1.1: Cravity data for study aréa.

7 .
station
numbers

322
321
320 -
319
318
317
316 -
315
314
313
312
311
310
309
308
307
306
305
304
303
302
301
300
299
298
297
296
295
294
293
500
501
502
503
504
505
506
507
508
509
510
511
512
513

514

515
516
517
518
519
520
521

UTM coordinates

easting

372,052
172.794
373.545
374,171
374.800
375.310
375.822
376.324
377.077

©377.711
378.338.

378.8417

.378.864

379.365
379.874
380.738
381,472
382,331
383.198
393,945
384,695

-385.319

385,952
386.577
387.085

" 387.835

388.460
388.970
389.103
389.243
374.500
375.375
376.390
377.400
378.330
379.060
379.930
380.840
381.710
382.470
383,300
384.375
385.490

386.505

387.490
388,510
389,510
390.975
383.480
382.750
366.740
367.505

northing

5344 .,504

5344 .487
5344.,826

5345.257
5345.855
5346 ,%433
5347,078
5347.623
5348,.107

5348.627

5349.114

' 5349.659

5350.471
5351.016

'5351.583

5351.365
5351.027
5350.954

5350.869 .

5351.132
5351.517
5351.949
5352426
5352.925
5353.459
5353.923
5354389

5355.068"
5355.822

5356.542
5345.540
5344 ,920
5344.605
5344,.330
5344 .040
5343.565

5343.080

5342.630
5342.100
5341.510
5340,875
5340,360
5339.690

5339.590
5339.515

5339.465
5339.290
5338.950
5342.530
5343.960
5339.825
5339.415

elevation
(feet)
202
262
286
348
408 -
463
484
466
417
413
371
335
263
256
264
" 320
186
394
458
484
504
456
580 -
640
707 -
707
715
689
660
531,
403
342
185
417
414
475
517
551
585
582
607
661
588
475
539
501
541
524
662
- 638
223
253

Bouguer
anomalies(mGal)

-13.3
-13.1
-13.1
-12.5
-12.1
-11,9
~-11.2
-11.%
-12.3
-13.0
~14.2
-14.8
- =13.9
-14.4
-15.7
-16.6
-17.9
-18.4
-21.0
=24,0
-20,8
-18.3
-18.3
-17.0
S -15.7
-15-8
-14.9
~15.4
-15,7
-12.5
-13.3
~14.6
-16.3
~16,4
" =15.8
~15.6
-15.9
-17.3
-18.1
-17.0
~15.4
~14.4
-13.6
‘12 .0
-11.5
-9.2-
-7.5
-20.2 -
-20.4
-20.2
-19.6
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Appendix 1.1: Gravity data for study area.
station JTM coordinates elevation Bouguer )
numbers easting northing =~ (feet) anomalies(mGal)
522 368.400  5339.350 - 29§ - ~18.4
523 369.865 5339.735 359 -16.9
524 370.640 5339.550 324 o -17.6
525 371.900 5338.625 380 ~15+4 ,
526 373.030 5338.410 351 ~15.0
527 374,025 5337 .965 419 -14.4 T{
528 374.900 5337.630 527 ~14.2
529 376,000 5337.160 611 -14.1
530 376.855 5336,350 577. -13.8
. : 531 377.860 5333.540 625 =T
-~ 532 378.275 5335.150 645 -17.8
‘ 533 379.250 5335.145 "652 -18.7
534 380.980 5334.965 597 -19.0
- ;o 535 380.980 5334.910 578 -17.4
’ 536 368.135 5336.425 - 181 ~17.0
537 365.365 5337.600 205 -22.3
, 538 363.135 5338.230 157 - =27.0
539 362,175 5339,425 © 94 T 229.5
540 361.010 5340.940 82 -26.4" )
541 360,510 5339.940 79 T =272
542 361.575 5336.450 126 . -25.2 -
543 359,875 5334.490 194 . =21.9
, S44 357.010 5336.000 - . 84 ~26.5
545 355,400 5335.140 . 45 -23.9 - .
546 © 353,485 O 5333.300 . °© 116 - -19.6
547 356.975  5337.925-. 87 -26.1 (
548 359.275 5338.450 91 . -25.9 )
. 549 379.250.  5350.830 . 259 ~14.2
550 382.000 5349.800 447 ~16.4
551 382.500 5349.450 444 - -20.3 ' :
552 383.000  5349.640 430 T =21,6
553 386.530 5349.470 649 -20,7 A )
554 388.920 5348.370 848 ~15.4 BN
' : 555 387.710 5347.010 1010 -12.6 ' i
o 556 368.360 . 5345.220 134 -21.7
557 366.620 5345,960 139 ~24.1
558 368.810 $348.210 70 -21.3
559 370.960 5350.090 3% -19.0
‘ 560 365.520 5343,100 111 -23.3
! ¢ 561 . 363,440 - S343.470 74 -24,8
' , .. 562 364,680 5340,530 164 . -24.2
AN ) 563  369.240  5336.380 251 -13.3
: * 564 370.220-  5335.590 235 -12,2
565 371.910  '5334.640 - 17 -12.7
566 372,510 5332,330 381 -13.9
567 374.110 .~ 5330.330 410 -12.3
568 . 375,620 5328.810 351 -3.5
569  .377.300  5330.830 801 ~6.8
570 - 365.550 5333.570 181 -11,7
577 - 377.710 §357,000 186 - . -25.1
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station
numbers

575
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625

UTM coordinates

easting

386.510
395.490
397.475
400.690
403.995
406.340
403 .865
401.350
395.075
391.915
384 .300
381.450
377.660
374.870
388.400
391.220
395.375
397.990
401.560
399,875
396.950
397.610
392.830
393.175
391.620
394,360
392.090
390.355
388.510
386.725
384.650
382.990
380.380
379.300
376.830
373.600
375.705
377.140
378.645
381.190
383.190
385.255
387.525
384.675
384.160
380.640
378.950
381.160
383.550
386.655

northing

5356.660
5356.950
5356.800
5356.735
5356.900
5356.500
5354.150
5354.360
5354.080
5353.660
5354.100
5354 .300
5354.560
5354.970
5350.950
5350.810
5351.350
5351.275
5351.315
5348.760
5348.215
5346.025
5348.760
5347.330
5344.275
5342.150
5339.905
5336.805
5334.935
5332.700
5330.320
5328.050
5325.540
5323.635
5320.900
5322.240
5323.640
5325.850
5327.175
5329.920
5332.430
5335.140
5337.835
5338.400
5348.245
5347 .885
5345.800
5345.870
5346.015
5345.210

elevation
(feet)

377
1113
799
1188
270
309
1332
768
1234
825
496
354
166
13
551
637
1315
1428
1430
1473
1085
1545
1126
1512
1438
1150
1241
1458
1347
963
962
1459
1138
1134
1479
1489
1608
326
1004
1133
832
832
949
973
700
613
590
654
730
881

Bouguer

anomalies(mGal)

—1006
—11.6
=7

|
ooouunwowunoowunE=unnoo
N-w ¥ N % S W & B N ¥ ¥F. X N
WANWEPOWNWNNED =N

[u—

13.2
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Appendix 1,1: Gravity data for study area. -

station UTM coordinates elevation Bouguer
numbers easting northing (feet) ~anomalies(mGal)

%26 388,840  '5344.010 - 1030 S -9.1
627 386,550 5341.685 965 - ~-10.9
628 381.190 5339.700 648 - -15.9
629 378.580 5341.330 280 -17.6
630 376.000  5341.800 488 -14.9
631" 373,740 5342.615 332 - =l4.4
632 370.930 5341.600 164 ~16.3
633 373.035  5340.715 . 240 -16.3
634 374,900 5339.500 310 ~-15.9
6135 377.625 5338.200 385 . -16.4
636 379.845 5336.350 498 ~16.2
637 383.180. 5336.570 720 -13.7
638 381.860 5333.830 753 . -13.3
639 379.690 5332.730 744 -15.5
640  378.130  5333.055- 692 -18,1.
641 375.450 5334 ,725 520 -15.3
642 374.850 5332.870 538 -14.6
643 372,950  5336.055 390 -12.9
644 370.400 5337.310 ° 206 - “14.7
645  .369.800 5332 .460 545 . - -=11.1
646, 370.420 5330.800° . -+ M7 T -15.0
647 . 372.090  -5328.460 775 - -5.4
648 374.070 5325.535 1077 3.
649 372.090 5325.915 960 " -1.5
650 '371.330 5323.575 680 , 1.5
651 369.050 5327.890 381 ~10.2
652 376,460 5351.530 186 C-13.7
653 374,495 5349.710 181 -11.4
654 . 371.235 5347.270 166 S -17.6
655  -368,060 . 5343.045 121 . -15.9
656 - 365.340  5335.745 - 351 - -19.1
657 .« 362:495 5335.005 119 -21.8
658 356,735 5333.895 « . 175 o -22.2
659 ° 361,010 5332.765 . 248 -20.2
660 360.310 5330.750 " 1235 - =12,7
661 "357.280 5330.225 1009~ =9.9
662 363,230  .5331.010 928 -15.1
663 361.600 $328,155 1264 -7.9 '
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Abpendik‘Z.l: 2.5-D forward gravity mbdelling_ prof:ram.

2.5 DIMENSIONAL GRAVITY PROGRAM
RASMUSSEN AND PEDERSON FORMULATION
GEOPH. PROSP., VOL 27 (1979) PP.749-760

RLQUIRED INPUTS
1. G1(1)~---~OBSERVED ANOMALIES °

2. C(I)—---COODINATE ALONG PROFILFE

3. N NUMBER OF STATIONS ON PROFILE

4. J----———<NUMBER OF BLOCKS -

S. P(J)~-—--DENSITY BLOCK J

6. S(J)—--—NUMBER SIDES BLOCK J

7. YL,Y2-———STRIKE LENGTHS IN -Y AND +Y

***BLOCK COORDINATES MUST BE ENTERED CLOCKWISE###%
**NO TWO SUCCESSIVE Z COORDINATES CAN BE EQUAL***
*%ALL DISTANCES IN KILOMETERSG*#%*

A%X*ALL DENSITIES IN GM/CM3*#%

**&MAXIMUM OF 19 SIDES PER RODY***

DIMENSION 01(50) C(50),W(50),P(50),IS(50) 'r(xSO)
DIMENSION X¢20,20),2(20,20),%2(20 ,20),Y1(20) Y2020)

- OPEN(1,NAME="'RPGRAV. DAT' ,TYPE='OLD’ )

READ(1,900)N,J
TYPE' 900 N,J
DO 1000 I=1;N
READ(1,901) GI(I),c(I)"
DO 1010 Jl=1,1 .
READ(1,902)P(J1),IS(J1),Y1(J1),¥2(J1)
DO 1025-L=1,J _
18S=IS(L) - B
DO 1020 1=1,ISS
READ( 1 903)x(L D,z(L,I)
S X2(L, I)=%(L,1) -
'CONTINUE
CONTINUE
DO 1130 L=1,J
I=IS(L)+1 .
x(L,I)-X(L,l)
Z(L,I)=2(L,1)}
X2(L,1)=xX2(L,1)
CONTINUE .
TYPE 904
AK=6,67
SUM1=0
SUM2=0
$=0
DO 1029 L=1,J
TYPE 905,L,P(L), Yl(L) Y2 (L)
ISS-IS(L)H
DO 1028 I=1,ISS
TYPE 906,L,I x(L 1), Z(L I)
CONTINUE
CALCULATION OF GRAVITY EFFECT
o .
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Appendix 2,.1: 2.5-D forward gravity modelling ogram,

W(M) IS THE TOTAL ANOMALY AT EACH STATION
D0 1030 M=1,N *
WO=0
D0 1032 L=1,J
ISS=IS(L)
DO 1031 I=1,1SS °*
DX=X(L, I+l)-X(LI)
DZ=Z(L,I+1)-Z(L,I)
ZN=-DX/SQRT(DX**2 ,0+DZ*%2 ,0)
PHI=ATAN2(DZ ,DX) -
Ul=X(L,I)*COS(RHI)+Z(L,1)*SIN(PHI)
U2=X(L,I+1)*COS(PHI)+Z(L, I+l )*SIN(PHYI)
WX=Z(L,I)*COS(PHI)-X(L,I)*SIN(PHI)
RI=SQRT(UL#**2 ,0+WX#*%2 ,0)
R2=SQRT(U2**2,0+WX**2 .0) )
" BR11=SQRT(R1%%2,0+YI\L)*%2.0)
BR2 1=SQRT(R2#**2,0+Y1(L)%*2.0)
BR12=SQRT(R1*%2,0+Y2(L)**2 ,0)
BRZ2=SQRT(RZ4*2 ,0+Y2(L)*#*2 _0)
A=(X(L,D*Z (L, 4+1)-2(L, T)*X(L, I+l))/

&(DX**2 .0+DZ**2 0)

Bl=ALOG((U2+BR21)/(U1+BR11))
-BZ=ALOC((U2+BR22)/(U1+BR12))
Cl=Y1(L)+BR21
~ IF(C1.EQ.0.00) THEN
) RATIOI=0.0
DI=0.0
GOTO 700
END IF
RATIOlv(Yl(L)+BRll)/Cl
IF(RATIOl.LE.O, 00) THEN

DI=0,

GOTO 0
END IF
DI=ALOG(R2*RATIOI/R1)

) DZSALOG((RZ*(YZ(L)+BR12))/(Rl*(YZ(L)+BR2f)))

. E1=ATAN((U2*YI(L))/{WX*BR21))
E2=ATAN((U2#%Y2(L))/(WX*BR22)) "

. F1=ATANC(U1*Y1(L))/(WX*BR11))
F2=ATAN({UL1*Y2{L))/(WX*BR12))
ARL=(YI(L)*ZN*B1)-A*(D2ZADI+DX*(E1-F1))
ARZ-(Y2(L)*ZN*B2)—A*(DZ*D2+DX*(E2~F2))
SUM1=SUMI+AR1

SUM2 =SUM2+AR2

Se=( SUM2 -SUM13)
T(L)==1.0%AK*P( L)*5
TYPE 907,L,T(L) .

§=0 1"
S =()

CONTINUE
DO 1033 L=1,J
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1033 WD) =W(M)+T(L)
DELL=G1(M)-W(M) .
TYPE 908,M,C(M),G1(M),w(M),DELI
DO 1039 Lal,]

ISS=IS(L)+1 )
DO 1038 I=1,ISS

M1=M+] _

IF(M!l .GT.N)GO TO 1030

1038 X(L, 1)=X(L,I)~(C(M1)-C(M))
1039 CONTINUE ~
1030 CONTINUE  ©
. GRAPHICS PACKAGE FOLLOWS
COORDINATE PACKAGE FOLLOWS HERF
TYPE 909 '
ACCEPT *,11
IF(IL.LT.1)GO TO 1036
CALL PRIPLOT(W,Gl1C,N)
1036 TYPE 910
ACCEPT * 11
IF(II.LT.1)G0 TO 1035

1034 CALL COORD(X2,Z,R,Y1,Y2).

DO 1040 L=1,J .
155=I5(L)

i DO 1041 I=1,1SS
1041 X(L,1)=X2(L,1)
I=I15(L) +1
1040 X(L,I)=X2(L,1)
© GO TO 1024

1035 OPEN(2,NAME="RPGRAV1.DAT',TYPE='OLD")

WRITE(2 ,900)N,J
"DO 1090 I=1,N
1090 WRITE(2,901)G1(I),C(I),w(D)
DO 1091 Jl=1,J. ,
1091 WRITE(2,902)P(J1),IS(J1),Y1(J1),¥2(J1)
DO 1092 Lm=},J
158=IS(L) .
D0 1093 I=L,ISS 2
WRITE(2,903)X2(L,I),Z(L,I)

1093 CONTINUE ’

1092 CONTINUE

900 FORMAT(215)

901 FORMAT(3F10.2)

902 FORMAT(F5.2,15,2F8.3)

903 FORMAT(2F10.3) : \

904 FORMAT(2X,'PARAMETERS INPUT') . :

905 FORMAT(2X,'BLOCK NUMBER' 15,'DENSITY =',F5,3,'GM{CM3
&.',/,2X,'Y]=" FB.3," AND Y2=',F8.3)

906 FORMAT(2X,'COORDINATES'®,213,2F9,3) : ,

907 - - FORMAT{2X,'ANOMALY FROM BLOCK',I3,'=' F9,3,"MCAL')

© 908 FORMAT(2X,"STN NO =',I5,/,2X,'AT LOCATION',F9.3

1 ,2X,'OBSERVED ANOMALY=',%9,3,/,2X,'CALCULATED ANOMALY=',F9.3,
2 'DIFFERENCE=',F9.3,//) o _
909 FORMAT(2X,'DO YOU WANT, A PRINTER PLOT 1=YES 0=NO')




Appeﬁdtx 2.1: 2.5-D forward gravity modelling program,

910 FORHAT(2X ‘10 CHANCE DENSITY OR COORDS 1sYES 0=NO* )
1094 STOP
END
SUBROUTINE COORD(X,Z,P,YA YB)
DIMENSION X(20,20) xz(zo 20) P(20),2(20,20),YA(20),
&YR(20)
113 TYPE 911t
ACCEPT *,I1
IF(II.LT.1)GO TO 10
TYPE 912
ACCEPT * L,P(L)
GO TO 113
CONTINUE
TYPE 915
ACCEPT *,I1
IF(IT,LT.})GOTO 2
TYPE 916
ACCEPT *,K,YA(K),YB(K)
GOTO 10
TYPE 913 .
ACCEPT *,11
IF(II,LT,.1)CO TO 99
TYPE 914
ACCEPT * L,1,X2(L,I),2(L, 1)
GO TO 2 '
911 FORMAT(2X, D0 YOU WISH TO CHANGE BLOCK DENSITIES 1=YES 0=NO')
912 FORMAT(2X,'ENTER BLOCK NUMBER AND NEW DENSITY')
913 FORMAT(2X,'D0 YOU WISH TO CHANGE COORDS 1=YES 0=NO')
914 FORMAT(2X,'ENTER BLOCK NO,COORD NO,XCOORD,ZCOORD')
915 FORMAT(2X,'D0O YOU WANT TO CHANGE THE STRIKE LENGTH?
& 1=YES,0=NO') .
916 FORMAT(2X,'INPUT BLOCK #, YL, Y2°')
99 RETURN
END .
SUBROUTINE TO PRINTER PLOT
Y AXIS ALONG LINE OF TYPE
SUBROUTINE PRIPLOT(Y,Y!,X,N)
DIMENSION Y(50),Y1(50),JY(20),X(50)
BYL=Q _
BY1L=0 . ' :
. BYIM=0 - ‘ .
DO 910-K=1,N
JYL-IFIX(AHIN[(Y(K) BYL))
CJYIL=TFIX(AMINI(Y1(K),BYIL))
JYM=IFIX(AMAX1(Y(K) ,BYM))
JYIM=TPIX(AMAX1(Y1(X),BYIN))
BYL=FLOAT(JYL)
BYlL=FLOAT(JY1L)
BYM=FLOAT(JYM)
BY IM=FLOAT(JY1M)
CONTINUE
JM=AMAXO(JYM,JYIM)




930

945

918

917
955

950
940
921
933

934

935

936

937
938
939

" JL=AMINO(JYL,JY1L)
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JIL=JL/10-1
J1M=JM/10+1
J1=JIM=J1L+] ¢ .
No 930 K=1,J1 C
JY(K)=10*(J1L4+K-1)
TYPE 933 ,(JY(K),K=1,J1)
TYPE 934
TYPE 935
DO 940¢KK=1,N
LYC=Y(KK)+0.5-104%J1I1
LYO=Y1(KK)+,5~10*JIL
IP(LYC.EQ.LYO)GO TO 917
IF(LYC.GT.LYO)GO TO 918
LY=LYO-LYC
TYPE 936 ,KK.
GO TO 955
LY=LYC-LYO
TYPE 937,KK
GO TO 955
TYPE 938 ,KK
KK1=KK+]
IF(XK1.GT.N)GO TO 921 .-
MX=IFIX(X(KK])-X{KK))
DO 950 M=1,MX
TYPE 939
CONTINUE
CONTINUE
PORMAT(8X,<J1>(13,7%X))
FORMAT(10X,<J1>('X",9X))
FORMAT(2X,/////) . o -
FORMAT(2X,17,"+' {LYCDX,'C',<LY>X,'0")
FORMAT(2X,I7,'+',CLYODX,'0' ,<LYD>X,'C")
FORMAT(2X,I7,'+' CLYC)>X,'B')
FORMAT(9X,'+',/)
RETURN

END
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Appendix 2.2: 2,5-D gravity tnversion program.

2.5 DIMENSIONAL GRAVITY PROGRAM
RASMUSSEN AND PEDFERSON FORMULATION
PLUS A BOTT INVERSION
. AND.CONSTRAINTS ON THQZ VARIABLE

FORMULATION FROM: CEOPH. PROSP., VOL. 27 (1979), PP.749-760.
1. Gl(I).--—-'OBSERVED ANOMALIES

2. €(I1)--——-COODINATE ALONG PROFILE

3. Nemmmm—ee NUMBER OF STATIONS ON PROFILE

by Jmmmmm—me NUMBER OF BLOCKS N

5. P=-————~—DENSITY OF THE BLOCK X

6. $(J)=-—---NUMBER SIDES BLOCK J

A PROFILE LENGTH

8, W(J)~=---CALCULATED ANOMALIES

9. Y1,Y2-—--DISTANCE OF Y-EDGES IN =Y AND +Y -

DIRECTIONS, RESPECTIVELY

10. RZ1,RZ2--TOP AND BOTTOM DEPTH CONSTRAINTS, .
RESPECTIVELY :

11, I2Z---~—-CHECK FOR CONSTRAINTS:
0 = NONE; 3 = BETWEEN RZ1 AND RZ2;
5 = ON MINIMUM DEPTH ONLY (Z2)

12, ZD-—==—~m MINIMUM DEPTH FOR ENTIRE MODEL

13, ID~=--- —STATION. NUMBERS .

l4. SIGMA-——--NUMBER CHOOSEN SUCH THAT THE MEAN IS 0.0 AND
THE VARIANCE IS 0.500 (USUALLY 5.00 TO START)

15. NKOUNT-——MAXIMUM NO. OF INTERATIONS ALLOWED (USUALLY 100)

16, WIDTH--—-HALF-WIDTH OF THE COS**2 BELL CURVE (USUALLY 5.0)

17, J2=meemm— NO. OF STATIONS ON EITHER SIDE OF THE CENTER OF
THE BELL CURVE CHFCKED (USUALLY 5)

18, KOUNT----TOTAL NO. OF ITERATIONS

*2ALL'DISTANCES IN KILOMETERSk**

*%**ALL, DENSITIES IN GM/CM3%**

AMAMAXIMUM OF 49 SIDES PER BODYh#*

DIMENSION-G1(100),C(100),W(100),X2(50), 2(50) TH(100),

&DLG(100),X(50),DLT(100),12(100), RZI(lOO) RZ2(100), B

&22(100),1D(50),IM{100), IP(IOO) CXM1(100) CXPI(IOO) .

&DLT2(100) -

CHARACTER*72 TITLE -

CHARACTER*30 CFILE

DATA ADJ/0.00/

WRITE(6,950)

RO U
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.

READ(6,951)CFILE
ACCEPT 951,CFILE
OPEN(! ,NAME=CPILE,TYPE='OLD')
OPEN(2 ,NAME="'RPUNDIG] .DAT ' ,TYPR="'0LD')
OPEN(3,NAME="RPPLOT.DAT', STATUS="NEW')
KOUNT=0 '
C READ IN DATA
READ(1,900)TITLE
WRITE(2 ,901)TITLE.
WRITE(6,901)TITLE
READ(1,902)N,P XL,SIGMA,NKOUNT ,WIDTH J2 ,Y1,Y2, ZD
TYPE 902 N,P XL SIGHA NKOUNT HIDTH J2 Yl 12 D
WRITE(2, 902)N P,XL,SIGMA ,NKOUNT, WIDTH J2,Y1,Y2,2D
DO 1000 I=1,N
READ(1, 903) 01(1) (1), 12(1) RZ1(1), RZZ(I) In(1)
ZZ(I)-RZI([) -
* GAMMA=0,00
IF(C(1).NE.0.00)THEN
GAMMA=C(1)
DO 650 I=1 N
650 C(1)=C(1)~-CAMMA
END IFP
IF{GAMMA,LT.2.50)ADJ=-5.00
¢ IS=N+2
C CALCULATE INITIAL BODY THICKNESS
DO 20 I=1,N
TH(I)-O 0
DLG{I)=GL(1)
20 CONTINUE
DO 21 I=},N
TH(I)-DLG(I)/(A] 9*p)
21 CONTINUE
C - ASSIGN X,Z COORDINATES 10 THE INTITIAL BODY
X{1)=0.0—CAMMA+ADJ
X (2)=X1L-GAMMA
Z(1)=0.001+zD’
Z(2)=0,002+ZD
X(IS+1)=X(1)
Z(IS+1)=2(1)
DO 22 I=3,IS
JuN=-1+3 )
IP(1Z(J),EQ.0) THEN
Z(1)=ZD+TH(JT ) N
© GOTO 23 a
END IF
IF(IZ(J).EQ.5) THEN
Z(1)=22(J)
. GOTO 23
END IF
Z(1)=ZD+TH(J), =~
IF(Z(1).LT.RZ1(J)}) THEN
Z(1)=RZ1(J)

:
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GOTO 23
END IF
1F(Z(1).GT.RZ2(J)) THEN
Z(1)=RZ2(J)
END IF
23 X(1)=C(J)
IF(Z(I).NE.Z(I-1))GOTO 22
Z(1)=2(1)+.001
22 CONTINUE
GK=6.67
4 SUM1=0
SUM2=0
S=0
CALCULATION OF GRAVITY EFFECT
100 DO 1030 M=1,N
S$=0
SUM1=0
SUM2=0
w(M)=0
DO 1031 1I=1,IS
DX=X(I+1)-X(I)
DZ=Z(I+1)-2(1) i
ZN=—DX/SQRT(DX**24DZ**2 )
PHI=ATAN2(DZ,DX)
Ul=X(I)*COS(PHI)+Z(I)*SIN(PHI)
U2=X(I+1)*COS(PHI)+Z(I+1)*SIN(PHI)
WX=Z(I)*COS(PHI)-X(I)*SIN(PHI)
R1=SQRT(U1**24WX**2)
R2=SQRT(U2**2+WX**2)
BR11=SQRT(R1**2+Y1*%*2)
BR2 1=SQRT(R2**2+4+Y1%*%2)
BR12=SQRT(R1**2+4+Y2%%2)
BR22=SQRT(R2**2+Y2*%*2)
A=(X(I)*Z(I+1)-Z(I)*X(I+1))/
&(DX**2+DZ**2)
B1=ALOG((U2+BR21)/(U1+BR11))
B2=ALOG( (U2+BR22)/(U1+BR12))
Cl=Y1+BR21
IF(C1.EQ.0.00) THEN
RATIO1=0.0
D1=0.0
GOTO 7000
ENDIF
RATIO1=(Y1+BR11)/Cl
IF(RATIOl.LE.0.00) THEN
D1=0.0
GOTO 7000
END IF
D1=ALOG(R2*RATIO1l/R1)
D2=ALOG((R2*(Y2+BR12))/(R1*(Y2+BR22)))
E1=ATAN((U2*Y1)/(WX*BR21))
E2=ATAN((U2*Y2)/(WX*BR22))

‘y
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I4

Pl=ATAN((Ul*Yl)/(HX*BRII))
P2=ATAN((Ul*Yz)/(UX*BRIZ))
AR1=(Y1*ZN*B1)~A*(DZ*DI+DX*(ELl~F1))
AR2=(Y2®ZN*B2 )-A*(DZ*D2+DX*(E2-F2))
SUMI=SUM1+AR] -
SUM2 =SUM2 +AR2
S={SUM2-SUML)
W(M)=~1*CKAPAS
TISS=IS+1 .
DO 1038 1I=1,18S
MlaM+],
IF(M1.GT.N)GO TO 1030
1038 X(I)=X(1)-(C(M1)=C(M))
1030 CONTINUE
C END OF GRAVITY CALCULATION.
" C  CALCULATE DLT FROM DIFFERENCL IN CALCULATED AND OBQERVED VALUES
DO 50 I=1,N
nLG(I)-GI(I)—w(I) . < )
DLT(I)=DLG{I)/(41.9%p)
50 CONTINUE
FIND AND CHECK SUM OF SQUARES OF RESIDUALS AND CHECK NKOUNT
TB=0.0 °
TTL=0,0
DO 51 I=1,N
TB=QLG(1)**2.0
TTL=TTL+TB
51 CONTINUE
' WRITE(2,904)TTL -
KOUNT=KOUNT+1
IF(TTL.LT.SIGMA)GOTO" 56 :
IF(KOUNT.GE.NKOUNT)GOTO 56 ra
BEGIN COSINE BELL SMOOTHING
STATION NO. I-J, WHERE I IS THE CLNTER OF THE BELL
XM, XP-—~-DISTANCE FROM BELL CENTER TO-THE IMth STATION
. -STATION NO. I+J, WHERE I\ IS THE CENTER OF THE BELL
XM] ,XP1-—-ANGLE (0-90) OF LOCATION XP FROM CENTER OF BELL (0)
cxnl »CXP1-WEIGHTING FACTOR AT IMth/IPth STATION
TM—--—-—SUH OF WEIGHTS .IN I-J DIRECTION
SUM OF WEIGHTS IN I+J DIRECTION N
TWT-—-—-—-TOTAL WEIGHTS AT A STATION
DLT2=~==~~THICKNESS CHANGE AT IMth or IPth STATION DUE TO CENTRAL
’ . POINT THICKNESS :\
PID2=3.1415927/2.,0 ‘
DO 70k I=1,N
TWTM=0,0
TWTP=0.0
THT-O - 0 .
DO 702 J=1,J2
IM(J)=1-J )
IF(IM(J).LT.1)GOTO 704
XM=C(1)-C(IM(J))
IPYI)=I+J

[+ NeNoNsNrNoNsNrNe Ne Ny




165
Appendix 2,2: 2,5-D gravity inversion program.

IF(IP(J).GT.N)GOTO 705
. XP=C(IP(J))-C(1)
- 705 IP(IM(J) .LT.1.AND.IP(J).LE.N)GOTO 703
IF(IM(J) .LT.1.AND,IP(J).GT.N)GOTO 710
IF(IM(J).LT.1)GOTO 703 “
IF(XM.GE.WIDTH)GOTO 703
' .. XMI=PID2*(XM/WIDTH)
& . CXM1(J)=(COS(XM1)**2.0)/2.0
- . TWTM=TWTM+CXM1 (J) ‘ ¢
703 IFCIP(J).GT.N)GOTO 702
i IF(XP.CT . WIDTH)GOTO 702 /
XP1=PID2*(XP/WIDTH)
CXP1(J)=(COS(XP1)#*2 ,0)/2.0
TWTP=TWTP+CXP1(J)
702 CONTINUE -~
710 TWI=TWTM+TWTP
- DO 706 J=1,J2
. v IF(IM(J).GE.l .AND.TWT.GT.0.00) THEN
DLTZ(1M(J))=DLT2(IM(J))+((cxul(J)/TwT)*DLr(1))
_ END IF
IF(IP(J).LE.N.AND.TWT.GT.0.00) THEN
DLTZ(IP(J))-DLTZ(IP(J))+((CXPI(J)/TWT)*DLT(I))
. END IF
IM(J)=0
IP(J)=0
CXM1(J)=0,00 SR
_ " CXP1(J)=0.00 C i
706 CONTINUE ‘ )
. DLT(I)=DLT(I)/2.0 ' ; -
701 CONTINUE _ T
DO 707 I=1,N )
DLT(1)= (DUT(I)+DLT2(I))/2 0
CTH(I)=TH(I)+DLT(I)
DLT2(I)=0.0*
JIF(TR(I). GT 0.01)GOTO 707
TH(1)=0.01

>

- ~ 707 CONTINUE

C REASSIGN X,Z VALUES TO THE BODY
X(1)=0. O-GAMMA+ADJ - _ : , N ,
X(2 )=XL~GAMMA - : )
X(IS+1)=X(1) .
. 2(1)=0.001+2ZD
- Z2{2)=0,002+ZD .
Z(IS+1)=Z(1) N
DO 54 I=3,IS
J=N-I+3
IP(XZ(J).EQ.0) THEN .
Z(L)=ZD+TH(J) . ! ! -
GOTO 53 o
END IF _
CIR(12(J).FQ.5) THEN
Z2(1)=22(J)

.
B
1
i
E




Appendix 2,2: 2.5-D gravity inversion program.

GOTO 53
END IF
Z(I)=ZD+TH(J) .
IF(Z(I),LT.R21(J)) THEN
Z(I)=RZ1(J)
GOTO 53 . ’
END IF .
IF(2(1).GT.R22(J)) THEN
Z(1)=RZ2(J)
END IF
X(1)g(J) .
IF(Z§I).NE.Z(I~1))GOTO 54
Z2(1)$z(1)+.001
54 CONTINUE
GOTO 100 , ,
CALCULATE MEAN AND STANDARD DEVIATION OF THE MODEL
56 WRITE(6,905)KOUNT
© XMEAN=Q
V1=0
VAR=) °,
DO 120 I=1,N
XMEAN*XHEAN+DLG(I)
XMEAN=XMEAN/ N
DO 121 1I=1,N
v1=v1+((DLG(I)-XMEAN)*‘2 0)
VAR=SQRT(V1/(N-1))
WRITE(6,906)XMEAN, VAR
WRITE(2 ,906)XMEAN, VAR
C RENUMBER BODY IN X AND OUTPUT FINAL MODEL
DO 57 I=1,N
57 C(I)=C(I)+GAMMA
X(1)=0.0+ADJ
X(2)=Xy,
DO 58 I=3,IS
JaN~-I+43
X(1)=c(J)
DO 59 I=1,IS
WRITE(6 907)x(1),z(1)
CONTINUE
.DO 60 I=L,N
NRITE(6, 908)C(1),G1(1) DLG(I),H(I)
CONTINUE
WRITE(2,9O9)N,PQXL,IS,SI ,TTL,KOUNT,ZD
DO 1090 I=1,K . S
wRITE(z,910)0(1),Gl(I),DLc(I),w(I),ID(I)
DO 1093 I=1,IS
WRITE(2,911)X(1),Z(I1)
CONTINUE
J=1
WRITE(3,915)N,J
DO 500.I=1,N
WRITE(3,916)G1(1),c(1),W(I)
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Appendix 2.2: 2.5-D gravity inversion program.
v ) .

CONTINUE :
WRITE(3,917)IS
DO 501 I=1,IS

WRITE(S 918)X(I) z(r) )
CONTINUE
FORMAT(A72)
FORMAT(1X,A71)
FORMAT(I5,2F6.2 ,F8.2,15,F6.2 ,13,3F8.3)
FORMAT(2710.2,15,2F10.2.15)
FORMAT(F10.2)
FORMAT(2X," THE TOTAL NUMBER OF INTERATIONS=',I5) |
FORMAT(2X, ' THE MEAN IS',F7.3,' AND THE STANDARD DEVIATLON

&1S8',F7.3)

FORHAT(ZFlO 2
FORMAT(QFIO

909 FORMAT(IS,2F6.2,15,F8.5 FlO 2,15,F8.3)
910\F RMAT(QF[O 2, IlO)
911 RMAT(?PIO.Z)

——

915 FORMAT(21S)

916 FORMAT(3F10,2)

917 FORMAT(SX,I5) *

918 FPORMAT(2F10,.3) b

950 FORMAT(2X, 'WHAT IS THE NAME OF THE DATA FILE TO BE READ?',$)
951 PORMAT(A30) .

999 STOP
. END

i
s
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‘ ’ Appendix 2.3: 2-D gravity inversion program.

2 DIMENSIONAL GRAVITY PROGRAM
GRANT & WEST PORMULATION 3
PLUS A BOTT INVERSION
AND CONSTRAINTS.ON THE Z VARIBLE
FORMULATION FROM: GEOPH. PROSP., VOL. 27 (1979) PP.749-760.
1. GI(1)~-—-0BSERVED ANOMALIES . ﬁf
2. C(1)==—~- COODINATE ALONG PROFILE
Jo N ——mmeme] NUMBER OF STATIONS ON PROFILE
4, Jw—e——=—=—NUMBER OF BLOCKS
5. Poemmm——e DENSITY OF THE BLOCK
6. S(J)---~-NUMBER SIDES BLOCK J - .
7o XLmmomae PROFILE LENGTH
8. W(J)-————CALCULATED ANOMALIES - \ .
9. Y1,Y2--—DISTANCE OF Y-EDGES IN Y AND +Y v T
. DIRECTIONS, RESPECTIVELY
.Rzz--rop AND BOTTOM DEPTH CONSTRAINTS,
. RESPECTIVELY
11. 1Z=---——CHECK FOR CONSTRAINTS:
0 = NONE; 3 = BETWEEN RZl AND RZ2:
S5 = ON MINIMUM DEPTH ONLY (Z2)
12, Zb---—--MINIMUM DEPTH FOR ENTIRE MODEL
13. ID~-—-~-—==STATION NUMBERS
14. SIGMA~-~-~NUMBER CHOOSEN SUCH THAT THE MEAN IS 0.0 AND
THE VARIANCE IS 0.500 (USUALLY 5.00 TO START)
15 NKOUNT---MAXIMUM NO, OF INTERATIONS ALLOWED (USUALLY 100)
16. WIDTH—-——HALF-WIDTH OF THE COS**2 BELL CURVE (USUALLY 5.0)
17, Re=—emnaa NO. OF STATIONS ON EITHER SIDF OF THE CENTER OF .
THE BELL CURVE CHECKED (USUALLY 5) o ) &
18. KOUNT--=~TOTAL NO. OF ITERATIONS
**ALL DISTANCES IN KILOMETERSA**
***ALL DENSITIES IN GM/CM3*%*
***MAXIMUM OF 49 SIDES PER BODY***
DIMENSION G1(100),€(100),w(100),X2(50), z(50) ,TH(100),
&DLG(100),X(50), DLT(IOO) 12(100) RZI(IOO) rRZ2(100), )
. - &Z2(100), ID(50),IM(100), IP(100),CXM1(100), CXPl(lOO) ' , o
. : . ~  &DLT2(100) ] : ’
CHARACTER*72 TITLE L .
. CHARACTER*30 CFILE
v ' DATA ADJ/0.00/ _ o
- . WRITE(6,950) : , '
c READ(6,951)CFILE - ' . ’ o
- ACCEPT 951 ,CFILE ’ o ' T
T OPEN(1,NAME=CFILE , TYPE="OLD') ‘ L
) "~ OPEN{2 ,NAME='UNDIGI1 .DAT',TYPE='NEW') >
. OPEN{3 ,NAME='QMPLOT ,DAT" ,STATUS="'NEW' )
KOUNT=0
C READ IN DATA 1 ' ,
READ(1,,900)TITLE T ‘) : «
1 b WRITE(2,901)TITLE :
1 _ - WRITE(6,901)TITLE
!
1

OO0 00N0

O
o

foohacancacnbhaann

i : READ(1,902)N,P XL, SIGHA sNKOUNT, HIDTH J2,ZD

1

o ——— 4
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" Appendix 2,3: 2-D gravity inversion progranm.

TYPE 902,N,P,XL,SIGMA,NKOUNT,WIDTH,J2,ZD.
HRI,TE(Z 902)N P,XL,SIGMA, NKOUNT WIDTH,J2,ZD
DO 1000 I=1,N - :
. READ(1 903) Gi(r),c(1),12(1), RZl(I) RZ2(I) 1D(1)
1000 zz(1)-az1(1) o v
- GAMMA=0,00 7 - “
‘ IF(C(1).NE.0.00) THEN :
R GAMMA=C(1)
DO 650 I=1,N
. 650 © C(I)=C(I)—GAMMA
L " END IF
p IF(GAMMA.LT.2.50)ADJ=-5.00
IS=N+2
C CALCULATE INITIAL BODY THICKNESS
. ) DO 20 I=]1,N :
. < TH(I)-O 0
: DLG(I)=G1(L)
20 CONTINUE
DO 21 I=1,N ’
‘ TH(Il-DLG([)/(lol 9*1’) .
. 21 CONTINUE ‘
C. ASSIGN X,Z COORDINATES TO THE INTITIAL BODY
X( 1)-0 0-GAMMA+ADJ
X(2 )=XL-GAMMA - o
L 2(1)=0,0014ZD ’ ® - ‘ T
o © . 2(2)=0.002+ZD. ¢
: X(IS+1)=X(1) ° T
}(ISH)-Z([)
- L DO 22 1=3,1S
° - / o . 'N“'I"‘B 3
a . IF(1Z(J).EQ.8) THEN
. Z(I)=ZD+TH(J)
. * coTo 23
_ END 1P
\ L . IF(1z(J).EQ.5) THEN
. Z2(T)=22(3)
GOTO 23
. ; : END TF
. L ) Z(1)=ZD+TH(J)
j ‘ . 17(Z(1),.LT.RZ1(J)) THEN
b L . : Z(1)=RZ1(J) -
- : GoTO 23
END IF
- : TF(2(I).GT. R22(J)) THEN
‘ o : ] - 2(1)=RZ2(J)
S . ' END IF .
' 23 X(I)=C(J) .
- IF(2(I).NE, 7(1—1))60'1‘0 22
. <, 2{I)=2(1)+.001 o
22 CONTINUE . A C -
AK=6,67 : - .
1024 R1=0
"m0

'f_,,,-,a




'"C - CALCULATION OF GRAVITY EFFECT

© 1038 - X(I)=X(I)-(C(MI)=C(M))

[+ Kz R X R s 2R xRz N2
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. . Appendix 2.3: 2-D gravity faversion program.

100 DO 1030 H-l N
S=0 . : L '

W= } .

DO 1031 I=1,IS )
A=(X(T+1)-X(1))/(Z(I+1)-Z(1)) , .
B=(X(I)*Z(I1+1)-X(I+1)*2(1))/(Z(1+1)-Z(1)) - ' ’

. D=0. 5*ALOG((X(I+1)**2+Z(I+])**2)/()((1)**2
S+Z(1)*%2)) :
. E-A*(ATAN(X(IH)/Z(I+l))—ATAN(X(I)/Z(I)))
R1=B*(D+E)/(L+A%*2) . _ . .
1031 ¢ S=S+Rl ) _ ’ ’
i " W(M)=2*AKAP*S ’
I1SS=IS+1
DO. 1038 I=1,ISS
Ml=M+1 .
T IF(M1.GT.N)GO TO 1030

1030 CONTINUE
C END OF GRAVITY CALCULATION - 8
C CALCULATE DLT FROM DIFFERENCE IN CALCULATED AND OBSERVED VALUES
po SO I=1,N
DLG(I)-GI(I)-W(I)
DLT(I)=DLG(I)/(41. 9*9)
50 CONTINUE
C FIND AND CHECK SUM OF SQUARES OF RESIDUALS AND cuzcx NKOUNT
TB=0.0
TTL=0.0 : , :
DO 51 I=1,N ' . . .
TB=DLG( I)*%*2.0 .
TTL=TTL+TB A ’
51 CONTINUE
WRITE(2,904)TTL -
KOUNT=KOUNT+1
IF(TTL.LT.SIGMA)GOTO 56
IF (KOUNT.GE . NKOUNT)GOTO 56

BEGIN COSINE  BELL SMOOTHING _ -
I4——————=-STATI0ON NO. I[-J, WHERE I IS THE CENTER OF THE BELL
XM, XP——---DISTANCE FROM BELL CENTER TO THE.IMth STATION °
Ip—————— STATION NO. I+J, WHERE I IS THE CENTER OF THE BRFLL
XMl ,XP1-—-ANGLE (0-90) OF LOCATION XP FROMBENTER OF BELL (0)
cxm CXP1-WEIGHTING FACTOR AT IMth/IPth STATION
TWTM————= SUM OF WEIGHTS IN I-J DIRECTION'
TWTP—————-SUM OF WEIGHTS IN Y+J DIRECTION
TWT—————- TOTAL WEIGHTS AT A STATION .
DLT2 ==~==~THICKNESS CHANGE AT IMth or IPth STATION DUE TO CENTRAL
POINT THICKNESS
PID2=3,1415927/2.0 1
DO 701 I=1,N- : : i
TWTM=0.0 : |
TWTP=0.0 ‘ . ’ '
TWT=0.0

Lo aens
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'Appendix 2.3: 2~-D gravity inversion program.

DO 702 J=1,32
IM(J)=I-J
. IF(IM(J).LT.1)GOTO 704
_ KM=C (I)~C(IM(J))
704 IP(J)=I+J .
o IF(IP(J).GT.N)GOTO 705
. XP=C(TP(J))-C(1)
705 IF(IM(J):LT.1.AND.IP(J).LE.N)GOTO 703
IF(IM(J).LT.1,AND.IP(J).GT. N)COTO 710
IF(IM(J).LT.1)GOT0 703 N
¢ IF(XM.GE.WIDTH)GOTO 703
 XM1=PID2*(XM/WIDTH)
CXM1(J)=(COS(XML)**2,0)/2.0
~ TWTM=TWIM+CXMI(J)
703 IF(IP(J).GT.N)GOTO 702 .
IF(XP.GT.WIDTH)GOTO 702
. XP1=PID2*(XP/WIDTH) '
. L © CXPI{J)=(COS(XP1)**2.,0)/2.0
, TWTP=TWTP+CXP1(J) :
- 702 CONTINUE =~
710 TWT=TWTM+TWTP
L . DO 706 J=1,J2 :
IF(IM(J) GE.1.AND,TWT.GT.0.0N) THEN
DLTZ(IM(J))-DLTIZ(IH(J))+((CXHI(J)/THT)*DLT(I))
END 1F
IF(IP(J).LE,N_AND,TWT.GT.0.00) THEN .
DLTZ(IP(J))-DLTZ(IP(.I))+((CXPI(J)/TWT)*DLT(I))
END IF ’ _
IM{J)=0
. 1P(J)=0
CXM1(J)=0.00
CXP1{J)=0.00
706 CONTINUE :
DLT(I)=DLT(I)/2.0
701 CONTINUE
DO 707 I=1,N
. DLT(I)=({DLT(I)+DLT2(1))/2.0"
>, o TH(I)=TH(I)+DLT(I)
DLT2(I)=0.0
[ _ IF(TH(I).GT.0.01)60TO 707
! TH(I)=~0.01
707, CONTINUE ' _
C REASSIGN X,Z VALUES TO THE BODY
X(1)=0.0-GAMMA+ADJ
X(2) =X L-GAMMA
X(IS+1)=x(1)
: Z(1)=0.001+ZD
2(2)=0,002+2D : .
Z(IS+1)=2(1) . ' :
DO 54 I=3,IS '
JaN-1+3 3.

e

.
i
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Aﬁpendix 2,3: 2-D gravity inversion program.

IF(1Z(J).EQ.0) THEN
Z(X1)=ZD+TH(J)
GOTO 53 °
END IF , e
IF(1Z(J).EQ.5) THEN /
Z{1)=22(J) _ ) ‘ Ve
GOTO 53 _ B 7
END IF ’
. - Z(1)=ZD+TH(J) .
IF(Z(1).LT.RZ1(J)) THEN
Z(I)=RZ1(J) -
GOTO 53
END IF
. IP(Z(1). r"r.Rzz(J)) THEN
Z(1)=RZ2(J) -
. END IF . A .
53 X(1)=c(J) , ‘
IP(Z(1) NE.Z(I-1))GOTO 54
Z(1)=2(1)+.001
.54 CONTINUE
GOTO 100 ‘ :
' € CALCULATE MEAN AND STANDARD DEVIATION OF THY MODEL
56 WRITE(6, 905)KOU‘N’1‘
XMEAN=0
Vi=0
VAR=0
DO 120 I=1,N
120 XMEAN=XMEAN+DLG(T)
XMEAN=XMEAN/N
DO 121 I=1,N
121 V1=V1+((DLG( I)~XMEAN) **2 0)
VAR=SQRT(VI/(N-1))
WRITE(6,906)XMEAN , VAR
WRITE(2,906 )XMEAN, VAR
.. C RENUMBER BODY IN X AND OUTPUT FINAL MODEL
DO 57 I=1,N
57 C(I)-C(I)+GAMHA
X(1)=0.0+ADJ
-X(2)=XL ’
DO 58 I=3,1S
. » o J=N-I+3
,58 X(I)=C(J)
! DO 59 I=],1§
: wnm:(s 907)X(1),2(1)
59 CONTINUE
DO 60 I=]
» wxrrz(e 908)C(1),G1(I) DLG(I) W(I),
60 CONTINUE
1035 WRITE(2,909)N,P,XL,IS,5IGMA,TTL, KOUNT ZD _ - . S
DO 1090 I=]1,N v
1090 WRITE(2, 910)c(1) G1(1),pL6(1), w(I) ID(I) ' :
DO 1093 1-1 ,18
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Appendix 2.3: 2-D gravity inversion program.

WRITE(2,911)X(1),7(1)
CONTINUE
J=1
WRITE(3,915)N,J
DO 500 I=1,N .
 WRITE(3, JI16)GI(T),C(1),W(d)
CONTINUE
“WRITE(3,917)1S
DO 501 I=1,I1S -
, WRITE(3,918)X(1),2(1)
501 CONTINUE
900 FORMAT(A72)
901 PORMAT(1X,A71)
902 FORMAT(I5,2F6.2,F8.2,15,F6.2 ,¥3,16X,F8,3)
903 FORMAT(2F10.2 15 2710 2,15)
904 FORMAT(F10. 2) :
905 FORMAT(2X,'THE TOTAL NUMBER OF INTERATIONS=",15)
906 FORMAT(2X,'THE MEAN IS' F7.3,' AND THE STANDARD DEVIATION
&8IS',F7.3)
907 Fomwr(zmo.z)
908 FORMAT(4F10,2)
909 FORMAT(IS5,2F6.2,15,F8.5 no*z 15,¥8. 3)
910 Fomr(tmo 2 110)
911 FORMAT{2F10. 2)
915 FORMAT(215)
916 PORMAT(3F10.2)
917 FORMAT(SX,I5) .
918 FORMAT(2F10.3) _
950 PORMAT(2X,'WHAT IS THE NAME OF THE DATA FILE TO BE READ?',$)
951 FORMAT(A30) : '
999 STOP
END
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Appendix 2.4: 3-D gravity modelling program.

. } 3~-D° GRAVITY PRQGRAM BY M. TALWANL
KX-—-—-——=TOTAL NUMBER.OF STATIONS
HQ—-———-s—X*ﬁJMBER OF CONTOURS FOR THIS BODY
J-——=--—=-1F J=0, THEN ANOTHER BODY FOLLOWS

IF J=9, THEN THIS IS THE LAST BODY
AUX—-—-———DEBUGGING STEP THAT OUTPUTS CONTRIBUTIONS
' OF EACH SIDE,QF EACH POLYGON .t

IF U=0, 'I'HEN BODY TOP ENDS IN A CONTOUR
IF U NE O, THEN BODY TOP ENDS IN A POINT.
ZU-——-—--‘—DEPTH TO TOP OF BODY "WHEN U NE O

T-=w======1F T=0, THEN BODY BOTTOM ENDS IN A CONTOUR
IF T NE O, THEN BODY BOTTOM ENDS IN A POINT
ZT~—--—-=~=DEPTH TO THE BOTTOM OF BODY WHEN T NE 0

CGG=~—-——ANOTHER DEBUGGING STEP. IF G NE O, ou'rpur OF
INTEGRATION CALCULATLONS OCCURS

PUN----——ZERO o

PX——--===—=X COORDINATE OF A STATION

- Y COORDINATE OF A STATION

FZ Z COORDINATE OF A STATION

GANOM--——-OBSERVED ANOHMALY AT A STATION (FX,FY,FZ)
ANOMALY AT A STATION DUE TO ONE BODY

TANOM----—SUM OF ALL ANOM'S FOR A STATION

RANOM—————RANOM = TANOM - GANOM

MID--—=~=NUMERICAL ID OF A .CONTOUR, i.e. FOR THE FIRST CONTOUR,
MID=1, etc. .
DENSITY CONTRAST IN G/CM**3 AS A CONTODR LEVEL.
THIS CAN CHANGE WITH DEPTH IN THIS MODEL.

.~DEPTH OF THE CONTOUR :
111---—-——<NUMBER OF CORNER POINTS FOR A CONTOUR
DUM-—-——=~TIF DUM NE 0, THEN THIS COUNTOUR IS IDENTICAL TO THE

PREVIOUS ONE
X(I,J)-—-X COORDINATE OF A CONTOUR CORNER POINT
Y(I,J)}--—~Y COORDINATE OF A CONTOUR CORNER POINT
Y———m———8SUM OF CONTRIBUTIONS FOR A PARTICULAR CONTOUR
DIMENSION FX(500),FY(500),FZ(500),111(100),RHO(100), ZEE(100),
‘sMID(100),V(100), DEL(IOO) DBLP(IOO) ¥(100,200),Y(100,200),
&SIGMA(100),6G(100),TANOM(500), GANOM(SOO) mon(500)
CHARACTER*72 TITLE
CHARACTER*20 CFIN, cpour
WRITE(6,950)
ACCEPT 951,CFIN
OPEN(IO NAME-CFIN STA‘[’U%-'OLD')
WRITE(6,952)
ACCEPT 951 ,CFOUT
OPEN(11, NAHE-CFOUT STATUS='NEW')
OPEN( 12 ,NAME=" S2GRAV.GUT' ,STATUS="'NEW")
INITIALIZE VARIABLES
DATA JRK/O/,TANOM/500%0.0/, KR’I‘/OI Fz/500%0.0/
50 KRT=KRT+1 . -

~
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Appendix 2.4: 3-D gravity modelling program.

" ‘ DO 51 I4=1,100
I[II(14)=0.0
RHO(I4)=0.0 .
© ZEE{14)=0.0
' ' MID(14)=0,0
\ V(14)=0.0
DELP(14)=0.0
\ SIGMA(14)=0.0
6G(14)=0.0 4
DO 52 15=1,200 .
X(14,15)=0,0.
Y(14,15)=0.0
52 CONTINUE
51 CONTINUE .
C READ IN DATA ;
READ(10,900)TITLE
WRITE(6,900)TITLE
55 READ{10,901)KK,MQ,J,AUX,U,ZU0,VU,T,ZT,VT,GGG,PUN
WRITE(6,902)KK,MQ,J,AUX,U,2U,VU,T, ZT VT,GGG,PUN
, IF(KRRT.CT.1)GO TO 65
60 READ(10,903)(FX(K),FY(K),GCANOM(K) ,K=1 ,KK)
/ ~ WRITE(6,904)(FX(K), FY(K),GANOM(K) K=1,KK)
- 65 MM=MQ+1
70 DO 75 M=2 ,MM
READ(10, 905)HID(M) RHO(M), ZEE(H) I11(M),DUM
WRITE(6,905)MID(M), RHO(M) zaz(n) III(M),DUN
II=III(M) ,
MUM=M-1 ‘ - -
DO 20 13~1,100 :
DO 21 J3=1,200 , : -os
X(1,J)=0.0 ~
B "Y(I,J)=0.0 -.
21 CONTINUE ' e~
20 CONTINUE -. : :
IP(DUM)3,4,3
3 IF(M-2)5,%,5
5D0 6 I=1,II
X(M,1)=X(MUM,I)
6 Y(M,I)=Y(MUM, 1) . N
GOTD 75 ) '
4 READ(10, 907)(x(u 1),Y(M,1),1=1,11)
WRITE(6,907)(X{M,1),Y(M,1),1=1,IT)
75 CONTINUE
80 WRITE(6,908)
85 WRLTE(6,900) .
17(PUN)100,200,100
C CHECK TO SEE IF BODY TOP OR BOTTOM ENDS IN A POINT
100 IF(U)105,110,105
105 Mo=1
“_ZFR(1)=ZU : .
V(1)=vVU
GOTO 115
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] o oL ' Append{x 2.4&_3-0 gravity mddelling program'.

110 Mo=2 v
: 115 IF(T)120,125 120 :
. 120 MP=MM+1
) ZEE(MP)=2T
) “t V(MP)=VT
. . - GOTO 130
' 125 MP=MM ' o
130 NGC=MP-MO+1 . . . : : i
MRS=MO+2 o :
NGG=NGC-2
/200 DO 500 K=l ,KK
IF(JRK.EQ. O)THEN
C WRITE X,Y,Z COORDINATES OF mz STATIONS
warrz(e 916)
WRITE(6,917)
o } 205  : WRITE(6,918)K, rx(x) FY(K), FZ(K)
e , END IF

: C BEGIN CALCULATIOV OF CONTRIBUTIONS OF - EACH CONTOUR
- : 210 DO 420 M=2 ,MM'
N v S1GA=0
: : SFELZ=0

Z=ZEE(M)-FZ(K) - :
215 ALPH1=X(M,1)-FX(K) - o
BETAl=Y(M,1)-FY(K) :
R1=SQRT(ALPH1##*24+BETAL*#2) '
IF(RE )220,225,220

220 GAMM1=ALPH1/R1 ' . o
DELT1=BETAl/R] . ,
1225 IFP(AUX)230,235,230 -~

230 WRITE(S, 909)nm(n) TI1(M),ZEE(M) ,RHO(M)
235 1I=-TII(M) ,
DO 395 I=2,1I ' \ , ’ o :
ALPH2 X (M, 1)-FX(K) \ S : .
BETA2~=Y(M,I)-FY(K) . v :
R2*SQRT(ALPH2**2+BETA2 %*2) \
. IR(R2)240,365,240 A )
240 GAMM2Z=ALPH2/R2’ \ ' N
DELT2=RETA2/R2 g \
P . 245 IF(R1)250,365,250 . . |
‘ 250 DEATH=ALPH1-ALPH2
TAXES=BETA]-BETA2 L
IF(DEATH,EQ. 0,0, AND, TAXES.EQ. 0,0)GOTO 365
SS=SQRT(DEATH#**2 +TAXES#*2)
EGA=DEATH/SS ’ \ e
TAU=TAXES/SS v T -
P=TAU*ALPH] ~EGA*BETAL S - o ‘ L
IF(ABS(P)-.00001)365,365,255 T o !
255 IFP(P)260,365,265 po ' ‘ o

L - 260 S=-1.0 . L \

; ' GOTO 270 T S, \
: 265 $=1,0 . ‘ : : :
; i ‘270 m—nmiumm-nmz-u@m : \ ' . - -

o et
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\
IF(EMM)280,365,285
W=-1.0
GOTO 290
W=1.0 .
IF(2)291,292,291
PSI=S*{Z/SQRT(PA*2+Z%%2))
. AA=GAMM I *GAMM2 +DELT1 *DELT2
IF((1.-AA%**2 0),.LT.0,00)THEN
A=0.0 '
GOTO 310
END IF
IF(AA)300,295,305
. A=Wkl _570796327
GOTO 310 v _
A=Wk (ATAN((SQRT(1.-AA**2))/AAY+3.141592654)
GOTO 310 o .
A=WAATAN((SQRT(1.,-AA**2))/AA)
IF(Z)312,311,312 :
B=0 =
C=0
GOTO 360
BB=(PSI*(ECA*GAMM1+TAU*DELT]))
IFP(BB~1.)320,315,320
B=1.570796327
GOTO 335
IF(BB+1.)330,325,330
B=-1.570796327
GOTO, 335 .
IF(ABS(BB).LT.1.0
- B=ATAN(BB/(SQRT(1.-BBR*%2)}))
ELSE’
B=0
END IF _
CC=(PST*(EGA*GAMM2+TAU*DELT2))
IF(CC-1.)345,340,345
C=1.570796327
GOTO 360
IF(CC+1,)355,350,355
C=-1.570796327
" GOTO 360 <
IF(ABS(CC).LT.1.0) THEN
C=ATAN(CC/(SQRT(1.-CC**2)))
ELSE | ‘
C'O.,o
END IF
D=C-B
FELZ=A+D
- GOTO 370
FPELZ=0
A=0
B=0
C=0
D=0
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370 IF(AUX)375,385,375 i ’ ’
375 PARFE=6.67*RHO(M)*FELZ
380 CCG=ALPHI+FX(K)
CCGS=BETAl+FY (K) ;
CCGG=ALPH2+FX (K) - ' .
COGGS=BETA2+FY(K) . ) .-
IRMA=I~-1
WRITE(6,910) IRMA,CCG,CCGS , CCGG, COGES JA,B,C,D PARFE
WRITE(6,911)SS,TAU, EGA P
.385 SFELZ~SFELZ+FELZ
SIGA=SIGA+A
390 ALPH1=ALPH?
BETA1=BETA2 L : )
GAMM1=GAMM2 ' : ' .o
DELT1=DELT? : -
_ _ R1=R2
JEGPN - 395 CONTINUE,
400 TF(SIGA)401,414,403
401 IF(SIGA+.00001)404,402,402
402 SFELZ=SPELZ-SIGA , : )
COTO 414
403 TF(SIGA~.00001)402 ,402,409
404 IF(SIGA+6.2831754)408,408,405
405 IF(SIGA+3.1416027)414,407,406
406 TIP(SIGA+3,1415827)407, 407,414
407 SPELZ-SFELZ-SIGA-B 1A15927
COTO 414
408 SFELZ=SFELZ~SIGA-6.2831854
. GOTO 414
409 IP(SIGA-6.2831754)410,413,413
410 IF(SIGA-3.1415827)414,412,411
411 IF(SIGA-3,1416027)412,412,414
412 SFELZ=SFELZ-SIGA+3, 1415927
CHTO 414
413 SFELZ=SFELZ-SICA+6, 283185&
414 v(M)=6. 67*RHO(H)*SFELZ : . .
SIGMA(M)=SIGA . | S " o
420 CONTINUE : :
C END CALCULATION OF GRAVITY DUE TO EACH CONTOUR
‘ ., € CHECK TO SEE IF BODY TOP OR BOTTOM END IN POINT
; : IF(U)425,430,425 -
MID(1)=0 _ )
ITI(1l)=1 .
ZEE(1)=2U
RHO(1)=RRO(2 )
SIGMA(1)=0,0
‘ g : V(1)=vy -
" B . , GOTO 435 “a A
© 430 MO=2 . n o .
435 IP(T)440,445,440 .
440 MP=MM+] -
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MID(MP)=MID{MM)+1
ITI(MP)=1
ZEE(MP)=ZT
RHO(MP)=RHO(MM)
SIGMA(MP)=0.0
V(MP)=VT
GOTO 450
445 MP=MM .
C BEGIN NUMERICAL INTERGRATION TO GET GRAVITY ANOMALIES
450 DEL(MO0)=0,0
DELP(M0)=0.0
DELP(MO+1)=0,0
DEL(MP)=0.0
ANOM=0.0
L MN=MP-2
‘ _ 455 DO 460 M=MO ,MN
XA1=(ZEE(M)-ZEE(M+1)) / (ZEE(M)-ZEE(M+2) )
o XB1=3,0%ZEE(M+2)-2 ,0*%ZEE(M)~ZEE(M+] )
.( XC1=V(M)*XA1*XB1

XA2=(ZEE(M)~ZEE(M+1) ) /(ZEE(M+1)-2EE(M+2))
XB2=3,0%ZEE(M+2 )~2 ,0*2EE (M+1)-ZEE(M)
XC2=V(M+1)*XA2*XB2
XA3=(ZEE(M)-ZEE(M+1) Y% (ZEE(M)~ZEE(M+1) ) *(ZEE(M)=ZEE(M+1))
XB3=(ZEE(M+1)-ZEE(M+2) )*(ZEE(M)~ZEE(M+2))
XC3=V(M+2 )% (XA3/XB3)
DEL(M+1)=(XC14+XC2+XC3)/6.0
YAl=(ZEE(M+1)-ZEE(M#2))*(ZEE(M+1)=ZEE(M+2) )% (ZEE(M+1)-ZEE(M+2))
YB1=(ZEE(M)-ZEE (M+2) ) * (ZEE(M)-ZEE(M+1))
YC1=V(M)*(YA1/YBl)
YA2=(ZEE(M+1)~ZEE(M#2) )/ (ZEE(M)-ZEE(M+1))
YB2=ZEE(M+2 )+2 . O*ZEE(M+1)-3,0*ZEE(M)
_ YC2=V(M+1)XYA2 #YB2
. ’ YA3=(ZEE(M+1)-ZEE(M+2) )/ (ZEE(M)-ZEE(M+2))
: ' YB3=ZEE(M+1)42 .0*ZEE(M+2)-3 ,0%ZEE(M)
YC3=V(M+2 )*YAI*YR3
. DELP(M+2)=(YC14YC2+YC3)/6.0
J 460 CONTINUE .
ANOM=0,5*(DEL(MO+1)+DELP(MP))
. DO 465 M=MO,MP
' ANOM=ANOM+0 . 5* (DEL(M)+DELP(M))
GG(M)=ANOM=0. S*DELP(MP)
- " 465 CONTINUE
GG(MO)=0.0
* GG(M0+1)=0,0 .
GG(MP)=GG(MP)+0 . S*DELP(MP) 7
C WRITE DATA INTO CFOUT AND S2GRAV.OUT ' >
| . WRITE(11,930)FX(K),FY(K),ANOM , s
_ TANOM(K)=TANOM(K )+ANOM
: o JRK=JRK+1- ) _ . o
IP(PUN)470,475,470 ' : S
470 WRITE(11,914)(V(M),M=MO MP) - '
475 IP(GGG)476,500,476
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WRITE(6,915) (GG(M) ,M=MO ,MP.)
IF(: UN)480,500,480
WRITE(1l, 914)(GG(M) M=MRS ,MP)
CONTINUE
WRITE(11,931) .
IF(J.NE.9)GOTO 50
DO SL1 K=1,KK
RANOM(K ) =GANOM(K ) ~TANOM(K)
WRITE(6,919)K,FX(K) ,FY(K), TANOM(K) -
, WRITE(12,920)K,FX(K),FY(K), GANOM(K) TANOM(K) , RANOM(K)
CONTINUE .
FORMAT(A72) .
FORMAT(1X,213,I1,2F2,1,2¥F12,6,F2,1,2F12,6,2F2,1)
FORMAT(1X,215,15,2F4.1,2F12.6,F4.1,2F12:6 2?& 1)
FORMAT(6F12. 3) .
FORMAT(1X,6F12.3)
FORHAT(1X,IZ,F10.4,F16.3,18,F6.2)
FORMAT(6F12.3)
FORMAT( 10X, "3~D GRAVITY PROGRAM')
FORMAT(1X, /// 12,3X,"VERTICES=",12,3X, 'szm-',w 2 3X, 1?5 2)
FORMAT(1X,12,3F9.2 no 2,4F12,7,F12, 6)
" PORMAT(4EL8., 7)
FORMAT(1X,12,15,E10.3,F8,2 #12.7,F12.6,2E12.4)
FORMAT(1X,//,10X, ' TOTAL ANOMALY=' 1X F12.4)
FORMAT(6E12,6) s
FORMAT(1X,9E12.4)
rom‘r(lsx 'FIELD POINT: COORDINATES',/ / ,20X*CONTOUR DATA')
FORMAT(11X,'K' &X,"X" ,9X,'Y", 11X, 'Z2")
FORMAT(1X,12 F8 2 Fl2 2 P12 2)
FORMAT(IOX " THE ANOHALY POR FIELD POINT #',15,°,',/,12X,
"COORDINATES =',F10.3,°,",F10.3,/,14X,"1IS ' FJO 2,/
] romr(ls,sno.a)
FORMAT(2X,3F10.3)
FORMAT(//) .
FORMAT(2X, *WHAT IS THE NAME OF THE INPUT FILE? ',$)
- PORMAT(A20)
FORMAT(2X, '"WHAT 1S THE NAME OF THE ourpur FILE? ',$)
STOP
END




e

'KK=-——-——~TOTAL NUMBER OF STATIONY
‘MQ~~~-~~---NUMBER OF (CONTOURS FOR JHIS BODY

U===—=-—-IF U=0, THEN BODY TOP ENDS IN A ggxfégk ,
IF U NE O, THEN BGDY TOP ENDS IN A PAINT
ZU==--——-~DEPTH TO TOP OF BODY WHEN U NE 0 g
* Woo—-——zErR0 - . _ _
T===———==~IF T=0, THEN BODY BOTTOM ENDS IN A CONTOUR

 VU=——-——zERO

FX-—-=—-——-X COORDINATE OF A STATION
FY-—————y COORDINATE OF A STATION
Al--—————MAGNETIC INCLINATION IN DEGREES
AD-——e —~MAGNETIC DECLINATION IN DEGREES
F=e——=—-TOTAL BACKGROUND FIELD
. NBOD==---~NUMBER OF BODIES , . , ‘ .
FZr—————--OBSERVED ANOMALY AT A STATION (FX,FY) . : -
ANOM——~—- ONE OF THE 6 NUMBERS CALCULATED FOR EACH CONTOUR THAT '

-7

. os1
Appendix 2.5: 3-D magnetics modelllng pProgram

L 3-D MAGNETICS PR o 7
BASED ON EGUATIONS GIVEN IN T WANI, GEOPHYSICS 30,
: PR. 797-817,1965,

“ 1

AUX~———+-—DEBUGGING STEP ‘THAT OUTPUTS CONTRiBUTIONS_

OF EACH SIDE OF.EACH POLYGON -

IF T NE O, THFEN BODY BOTTOM ENDS IN A POINT
ZT-~=-—----DEPTH TO THE. BOTTOM OF BODY WHEN T NE O

GGG==~--~—ANOTHER DEBUGGING STEP. IF G NE 0, OUTPUT OF
‘ INTEGRATION,CALCULATIONS OCCURS )
PUN—-——~==ZERQ :

. ARE USED TO CALCULATE THE DX,DY, AND DZ VECTORS
DX,DY--——-CALCULATED MAGNETIC VECTOR AT A STATION DUE TO A BODY,
: IN THE X AND Y DIRECTIONS, RESPECTIVELY,

DZ, DH-—--=~CALCULATED MAGNETIC VECTOR AT A STATION DUE TO A BODY,
» VERTICAL AND HORIZQTAL CONPONENTS, RESPECTIVELY
DT==~-——-~TOTAL ANOMALY AT A STATION DUE TO A BODY

TDX, TDY---TOTAL CALCULATED MAGNETIC VECTOR AT A STATION IN THE
. X AND Y DIRECTIONS, RESPECTIVELY i
TDZ,TDH———TOTAi CALCULATED MAGNETIC VECTOR AT A STATION IN THE
VERTCAL AND HORIZONTAL DIRECTIONS, RESPECTIVELY
TDT~= oo TOTAL CALCULATED MAGNETIC ANOMALY AT A STATION
HID—-————-NUHERICAL‘ID‘OF A CONTOUR, 1.e. ¥OR THE FIRST CONTOUR,
MID=]1, ete. - )

RHO~~~———| DENSITY CONTRAST IN G/CMA*3 AS A CONTOUR LEVEL,
THIS CAN CHANGE WITH DEPTH IN THIS MODEL.

ZEE-~~———~ DEPTH OF THE CONTOUR

III--=——==NUMBER OF CORNER POINTS FOR A CONTOUR

DUM-~-~——-1IF DUM NE 0, THEN THIS COUNTOUR IS IDENTICAL TO THE

PREVIOUS ONE _ _
X(I,J)=~=-X COORDINATE OF A CONTOUR CORNER POINT °
Y(¥,J)=-=-Y COORDINATE OF A CONTOUR CORNER POINT

TTTTT=~—-SUM OF CONTRIBUTIONS FOR A PARTICULAR CONTOUR

DIMENSION Fx(lOO),FY(IOO),FZ(lOO),Z(SO),HID(SO),
&BN(SO).G(SO),PSQ(SO),ZZPZ(SO),BNSQ(SO),BH(SO),BC(SO),
&BP(SO),ANOH(G),DX(IOO),DY(IOQ),D;(IOO).TDH(IOO),
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&DH(]OO) ,DT(100), TDX(100) TDY(IOO),TDZ(]OO),KMSQ(SO),

45

50

55

&TDT(IOO) 111(50) »X(50),Y(50) -
DIHBNSION X2(s0, 50) ,Y2(50,50) »GCG(50,6) ,DEL(50,6),
&DELP(50,6);5(50,6) .
CHARACTER*ZO ,CFILE
CHARACTER#*72 , TITLE
WRITE(6,925)
ACCEPT 926,
OPEN( 1, NAME LE ,STA 'OLD')
OPEN(2 ,NAME= DAT OUT',STATUS='NEW"') .
OPEN(3,NAME="'MAGPLT. DAT' »STATUS='NEW ') -
READ(1,900)TITLE
VRITE(Z »900) TITLE
WRITE(6,900)TITLE
READ(1,901)AI,AD,F ,NBOD,KK
AI=(3, 1415927/180 0)*AI
ACI=CQS(AT)
ASI=SIN(AI) .
AD=(3,14]15927/180.0)*AD R ‘
ACD=COS(AD)
ASD=SIN(AD)
READ(1,903)(FX(K), FY(K),FZ(K), K-l ,KK)
DO 300 IJX=1 ,NBOD
READ( 1 902)HQ J,AUX,v,20,VU,T,2T,GGG, PN
READ( 1,920)AK
AJX=ARXFAACT*ACD
AJY=AKAF*ACIAASD
AJZ=AKAF*AST
MM=MQ+1
DO 30 M=2 MM
READ( 1 904)u1n(n) z(n) IIT(M),DUM
II=I1I(M)
MUM=M-1
IF(DUM,EQ.0,0)GOTO 4
IF((M~-2).EQ.0.0)GOTO 4
DO & I=1,IT
X2(M,I)=X2(MUM,1)
Y2(M, I)=Y2(MM, 1) )
GOTO 30
READ(1,905)(X2(M,1),¥2(M, 1) I-1,11)
CONTINUE
IF(PUN.EQ.0,D)GOTO 100
" 1P(U.®Q.0.0)GOTO 50
MO=1
Z(1)=20
DO 45 J=1,6
- S(I.J)'VU‘
GOTO 55
MO=2
IF(T.EQ.0.0)GOTO 70
MP=MM+] . .
Z(MP)=2T o
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DO 65 J=1,6
S(MP,J)=VT
GOTQ 75
MP=MM
NGC=MP-MO+1
MR 5=M0+2
NGC=NGC-2
250 I=1,KK
DO 110 L1=2,MM
DO 105 L2=1,6
$(L1,L2)=0.0
CONTINUE
CONTINUE
DO 125 J=2 MM
DO 115 L=1,TIII(J)
A(L)=X2(J,L)-FX(I)
Y(L)=Y2(J ,L)-FY(I)
IP(L.GT.1) THEN
IF(X(L) .NE.X(L-1))G0T0 114
X(L)=X(L)+0.001 .
IF(Y(L) .NE.Y(L-1) )GOTO 115
Y(L)=Y(L)+0,001]
END IF ‘
CONTINUE
R2=1TI(J)-1 .
DO 120 K=1,K2

THE CALCULATIONS OF C1,C2, & C3 AND NECESSARY PARAMETERS
BN(K)=(X(K+1)-X(K))/(Y(K+1)-Y(K))
G(R)=X(K)=Y(K)*BN(K)

BNSQ(K)=1.0+BN(K)**2 0
PSQ(K)-(G(K)**Z.O)IBNso(lg)
BR1=SQRT( X(R)**2 ,0+Y(K)**2,0+Z(J)**2,0)
BR2=SQRT(X(K+1)**2 (O+Y(R+1)%%2,0+Z(J)*%2.D)
25Q=2(J)**2 0
Z2P2(K)=ZSQ+PSQ(K) - 4
C1=((1.0/BNSQ(K))/Z2PZ(K))*(((G(K)*Y (K+1)-BN(K)*25Q)
&/BR2)—((G(K)*Y(R)~-BN(K)*ZSQ)/BR1)) -
€2=((1.0/BNSQ(K))/Z2P2(K))*(((G(K) **2 ,0+ZSQ+G (K)*
§Y(K+1)#BN(K)) /BR2) - ( (G(K)**2 . 0+Z5Q+G(K)*Y(K) *BN(K)}/BR1))
' C3=Z(J)*((1.0/BNSQ(K))/22P2(K))*( ( (Y (K+1)*BNSQ(K)+
&G(K)*BN(K))/BR2)-( (Y (K)*BNSQ(K)+G(K)*BN(K)) /BR1))

THE CALCULATIORS OF C4 AND C5 AND NECESSARY PARAMETERS
BM(K)=1.0/BK(K) \
BC(K)=Y(K)=X(K)*BM(K)

BMSQ(K)=1.0+BM(K)**2 ,0 .
C4=((1.0/BMSQ(K) )/Z2P2(K) ) *( ((BC(R)*X(K+1)~BM(K)*ZSQ)/BR2 )~
&((BC(K)*X(K)-BM(K)*ZSQ)/BR1)) :
‘ C5=2(J)*((1.0/BMSQ(K))/Z2P2(K) )*( ( (X(K+1)*BMSQ(K)+
&BC(K)*BM(K))/BR2)-( (X(K)*BMSQ(K)+BC(K)*BM(K)) /BR1))

THE CALCULATION OF C6 AND NECESSARY PARAMETERS
R1=SQRT(X(K)**2.0+Y(K)**2,0)

R2=SQRT(X(K+1)*%2 ,0+Y(K+1)*%2,0)

-
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R12=8SQRT( (X(K)=X(K+1))*42 [ O+(Y(K)-Y(K+1))*%2 0)
DELXR=(X(K)-X(K+1))/R12 _
DELYR=(Y(K)~Y(K+1))/R12
BP(K)=SQRT(PSQ(K))

CSBETA=DELXR* (X(K)/R1)+DELYR*(Y(K)/R1)
CSGAMM=DELXR* ( X(K+1)/R2)+DELYR*(Y(K+1)/R2)
cs=(m>(1<)/2292(x))*(((nz*cscmm)/nkz)—((Rl*csnsrA)/Bm))

TOTALS OF @ C# FOR EACH BODY
S(J,1)=5(J,1)+C1
S(J.Z)-S(J.2)+C2
$(J,3)=5(J,3)+C3
S(J,4)=8(J,4)+C4  ~.
5(J,5)=5(J,5)+C5
S(J,6)=5(J,6)+C6

CONT INUE _
$(J,1)=-1.0%5(J,1)
§(J,3)=~1.,0%*5(J,3)
${J,6)=-1,0*5(J,6)
CONTINUE
IF(U.FQ.0.0)GOTO 160
MO=1
MID(1)=0
III(1)=1
Z(1)=zU
DO 155 J=1,6
S(1,J)=vy
GOTO 165
MO=2
1F(T.EQ.0.0)GOTO 1BQ
MP =MM+1
- MID(MP)=MID(MM)+1
1II(MP)=1
Z(MP)=2T
DO 175 J=1,6
S(1,J)=vT
GOTO 185
MP=MM
DO 190 J=1,6
DEL{(MO,J)=0.0
DELP(M0,J)=0.0
DELP(M0+1,J)=0,0
DEL(MP,J)=0.0
ANOM(J)=0,0
MN=MP-2 .
INTEGRATION TO GET DEL(I,J) AND DELP(I,J)
DO 210 J=1,6
DO 200 M=MO,MN
XAL=(Z(M)~Z(M+1))/ (Z(M)-Z(M+2))
XB1=3,0%Z(M+2)-2,0%Z(M)-Z (M+])
XCl=S(M,J)*XA1%XB1
XA2=(Z(M)=-Z(M+1))/ (Z(M+1)-Z (M+2))
XB2=3,0%Z(M+2) -2 .0%Z(M+1)—-Z (M)
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. . . XC2=S(M+1,J)*XA2*XB2.
’ XA3=(Z(M)=Z(M+1))*(Z(M)~Z(M+1) ) * (Z(MT=Z(M+1})
. - XBI=(Z(M4+1)~Z(M+2))*(Z(M)-$(M+2)) :
- XC3=S(M+2 ,J)*(XA3/XB3) :
_ DEL(M+1,J)=(XCl+XC2+XC3)/6.0
- . . YAl= (Z(}H—l) z(n+2))*(z(u+1)-—z(M+2))*(Z(MH) =2(M+2))
YBI=(Z(M)-Z(M#2))*(Z(M)-Z(M+1)) : i
- YCl=S§(M,J)*(YAl/YB1) -
. T YA2= (z(u+1)-—z(n+2))/(Z(H)-z(ml))~
YB2=Z(M+2)42,0*Z(M+1)-3,0*Z(M)
\ . : . YC2=S(M+1 ,J)*YA2*YB2 : !
- YA3=(Z(M+D)-Z(M+2)) /(2 (M)~ Z(M+2))
‘YB3=Z(H+1)+2 0*ZEM+2)=3.0*Z (M)
YC3=S(M+2 ,J)*YA3*YR3 .
. DELP (M+2 J)-(Yc1+Yc2ﬂc3)/6 0o . . - 8
200 - CONTINUE
C CALCULATION OF THE TOTAL ANOM(J)
ANOM(J)=0. 5% (DEL(MO+1, J)+DELP(MP, J))
‘DO 205 M=MO,MP
. ANOM(J)-ANOM(J)+0 S*(DEL(M, J)+DELP(M J))
GG(M,J)=ANOM(J)=0.5*DELP(MP,J)
205 CONTINUE .
: GG(M0,J)=0.0 ‘ S : '
GG(MO—H 1=0.0 . : -
; GG(MP, J)=GG(HP 1)+0.5*DELP(MP, J) :
210 CONTINUE S ¥
CHECR=-1. 0*(ANOH(1)+ANOH(4)) " '
IF(CHECK NE.ANOM(6)) THEN . : v .
ANOM (6 ) =CHECK, . o
‘END IF o : . : i
WRITE(2,906) ° . ) .
WRITE(2,907) (ANOM(L) ,L=1,6) .
¢ CALCULATION OF MAGNETIC VECTORS FOR A PARTICULAR BODY , “
" DXCI)=AJX*ANOM( 1) +AJY*ANOM(2)+AJZ*ANOM( 3)
DY (I)=AJX*ANOM(2 )+AIY*ANOM(4)+ATZ*ANOM(S)
DZ( I)=AJX*ANOM( 3 )+AJY*ANOM(5 Y+AJZ*ANOM( 6)
_DH(T)=DX( I)*ACD+DY(1)*ASD
DT(I)-DH(I)*ACI*DZ(I)*ASI
" YRITE(2,908)
; - . . ~ " WRITE(2,909)1JX,I,DX(I},DY(1),DZ(I),DH(I), DT(I)
! v WRITE(2, 910)
. 250 CONTINUE S
C ' CALCULATION OF THE TOTAL ANOHALY AT A STATION . v
DO 260 L=1,KK .
TDX(L)-TDX(L)+DX(L) : L
TDY(L)=TDY(L)+DY(L) . \ :
TDZ(LY=TDZ2(L)+BZ(L) ' :
TDH(L)=TDH(L)+DH(L)
TDT(L)=TDT(LY+DT(L)
260 CONTINUE
300 CONTINUE
WRITE(2,911) -

-
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Appendix 2.5: 3-~D magnetics modelling program

DO 310 L=}, KK
STN=FLOAT(L) .
WRITE(3,915)STN,FX(L), FY(L), 'I'DX’(L) TDY(L) 'I'DZ(L)

&, TDH(L),TDT(L)
WRITE(2,912)L,TDX(L), 'I'D'I(L) TDZ(L) TDH(L), TDT(L)

310 CONTINUE o

900 FORMAT(A72) B

901 FORMAT(2F6.2,F10.3,215)

902 FORMAT(I3,12,2F4.1,2F9. 6 F4.1,2F9.6 12F4.1,F9.6)

903 FORHAT(6F10 3)

904 PORMAT(12,F10. 3 I5,F6.2) -

905 FORHAT(&FIO 3) : ’ !

906 FORMAT(7X,'V1',10X,'V2* »10X,"V3" 10X, 'V4' 10X, 'VS*,10%,
&'ve') ) : .

907 FORMAT(2X,6F12,3) .

908 FORMAT(2X, 'BODY# sm#' e 'ox',t}x 'DY' ,8X,'D2!,8X, 'pH',
&8X,'DT") : : !

909‘P0Rm'r(2x,215,5no.3) ’ '

910 FORMAT(/)

911 FORMAT(3X,'STN#',2X, "TOTAL DX’ ,4X, 'TOTAL DY’ ,4X, "TOTAL
&DZ',4X, "TOTAL DH' ax 'TOTAL DT’ /)

912 FORHAT(2X 15,5F12.3)

915. FORMAT(2X,F5.0,7F10.3) :

920 FORMAT(F1G.6) ¢

925 FORMAT(2X,'WHAT IS 'er NAME OF rm-: INPU'L FILF’ L$)

926 FomT(Azo) _ .
STOP . C
END . ' . -

.y

0\,,. o




A ’

Ap[;endix 3.1: Inyersion parameters for 2.5-D gravity inversion models
. Number of Standard
Profile -Y(km) +Y(km) €. -iterations Mean *Deviation

-

01 . -16.00 44.00 -5.36 25 -0,294" © 1.293

02 -18.50 41,50  1.40° 39 ~0.039 - 0.522

»

03 -21.00 ° 39.00 1.5 -0.006
‘04 =23.44  136.66 1.50 | - -0.001’ -
05 -25.90 ~.34.1(’) . 8.76 l 0.021
06 28140  31.60°  2.50 <0.028"
07 . ~30.90° - 29.10 2,50 . ~0.018
08, -33.30  26.70 " 3.95 15 0,022
09 -35.80 2420 300 © o 0.052
10 -38.20 21,80~ 2.25 ~0.014
11 -40.70 19.30  1.25 0.011
12 =43.18. 1690  3.79" -0.032
13 -45.60 1440 2,79 - '__ ~0.037"
" -48.10 - .90 6.65 -0,004
(15 -28.00. 32.00 522 0.001"
25 -35.00 25.00 13.13 0.007
1B =6.00 25,50  1.50 - . -0.187

280 -15.10 © 17.40  11.11 . 4 ~0.016

3B -22.40  10.10  6.83 ' -0.029

4B 14,007 6.60 '-0.001
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