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ABSTRACT

Recent marine'geophysical surveys in the Bay of Fundy and

Gulf of Maine a:e used to e~tend the lithology and structu~5served on

the nearby shore to the offShore regions of Nova Scotia. A difference in

)tectonic styles can be seen on 'opposite 'sides of the Glooscap. fault system.

This ma~ be correlated with the termination of the Megum~ platform of

Nova Scotia. Geologie models are proposed; and the structures tested by

computer modelling of the gravity data.

·1
•

Résumé

"
D l //h' ." t ~d lB'es re eves geop ~s'lques manns recemmen acqu s ans a ale

de Fundy et le Golfe' du Maine sont'utilis~s pour étendr aux régions

.~

•

•
• •

. ,
au large, de la Nouvelle-Ecosse la. lithologie et la structure observees sur. .
les ~tes adjacentes. Une différence de style tectonique est reconnue de

l 'autre c~tt de' la faille Glooscap.' Ceci peut ~tre relié avec la fin de la
. . \ /

plate-forme Meguma de la tlouvelle-E,cosse. Des modeles geologiques sont

·avancés et' les structures sont vérifié'e~par'ordin~teü;:~c.oiltre le modele
. 'l.

basé sur. les donn~es de gravité. (
'\

Il! . .. ,
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Chapter 1. Introduction aod Purpose

..,''''Jj ,

'. ,

1.

of investigation,',',/ 1.1,' Purposé
""1' , ' '~~J '

'"" V ~

, .'
.,. .1

't';' ....

.... ~

> '" \ ...

Durin9"r~cent years, ilUmerous tlypo.J;heses concerrling the....
'..~ . . ..

, ,", geOlqQ,1cal hisj;ory of tht' f\'IJ~alilèhians and the role. of con~i~ental drift
.,. /- "' '

• :" _/'0, •• :~ in the format!on'"<if Eil'stern canacia"ha~ been,pr~,~entJ'!d. Generally the water

\C", ,:', ~'oi€ret'l regio~s oith~' B,ay of F'undy a~d 'the Gulf'of Maine have beg~major:
'''; :. .. - '" . (,)J.Q •. ~ .' . . -, :-. . . " ", :/ -..,

, 'stumbling block due to the unknown nature of the lithology and structure

( -' ,• '\ .04./

"J" • ~f'j:hes~ ,su~e.:ged a~e::..: r3epl,.ogy rela~iVelY easilY!J'bservable on land,

" .', ',is obscure.d by water depth"s of up to ··300 meters.{and, a widespread blanket

:"~"'t~':-> 'of' re~e~t ie~me~,,making observation ,o(,bedroé~ diffkult~, even wi~ the

", use o.f submersible ehicles. ' . ,
, '" , .

i ",J ... ~ " ,' .... ~lîe Bi/ ~f Fundy has been r.e,.ce.iiling attention from'geolo~ists
.. JI" .. . . . Cl' ,.

( . :." , ..,:.: f~r the 1as t century. fLi s a funne 1-1 i ke body of water separati ng Nova l'

.• ,','. " Scotia fromNew Brunswick., located along th~ axis. of a b~oad syncline kltown '.. . ' ." ~

•
". 'as the Acadian, or Maritime Triassic b'asih. The. Bay has freqyently been

".',',
,1

•

'.
cons idere'd 'as a possi b1e source of hydroe1ectri c. PQwer becaus'e of i ts'..
unusuaMy, hi'gh tidal variations.

•

, . ,.

\,
\ ~

, As early as,1897 there was a'dispute as ta the role of the Bay
-'::~

.of Fundy ,in thè geblogi.cal histôry of North America, when Prdf. L.~. ,6ail)\(1897)

.... "

. .
de1i vered a speech to'the Royal Soci ety' of Canada, showi ng di si:repanci es

between the theory presented by Dana (1895) of' the geological history', of
. . . .. " .

the Appalàchians, and field data from Nova Scotia and New Brufiswick. Baily
, '.

.' .1>

.,

"sh~ed proof of. the existence'of terrestrial areas, in the vicinity of,

. the Bay Of rundy ~rOugh, at th~ ~ginning 6f the Cambrian era and concluded

th~t the Bay w~~"a geOSynCiiyr;llbSid'il\9 since Precambriary timè, which pro- "

gressed through geosynclinaT depositioD and uplift dur,ing the Paleozoic .. He

.
1

.~ \

V
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,.. ' "

stated that the Bay received a1ternating continental and shal10w marine

.'

".
, . .'

depo~its -~Uring the Jarboniferous era, and final ~y snal'low, marine

in~Triassic fau1t basin.. "

deposits

. sediments found in the Bay of Fundy.

presence of a smooth plain extending

The depth soundings a1so showed the
Q

from the mouth of the Bay into the

/ .

- ,

(

·0

. ,

, \

~Gu1f, which was interpreted' as an extension of the 'gent1y undu1ating f100r

of the submerged Triass ici ow1 and'. Shepard (1930) cha11 enged Johnson 1 s

,interpretation of the 'Fundian Fault' and c1ainied 'that the scarps were-

caused by glacial erosion.

More recent studies of~he area by'geophysica1 methods (Swift'

and Lyall (1968); Uchupi (1966); King and MacLean (1976)) have provided
1 •

• data that are used to extend known geo10gy offshore and produce an interpre-

tation-of the subsurface structure. Hopefu11y this knowledge may give sorne

insight intothe formation of the Bay of Fundy and reso1ve sorne of the still
6 .

unanswered questions about the overal1 geology of the area .

. Knowledge of the litho1ogy and~ructure of the Bay ~f Fundy ­

Gulf of Maine region is essentia1 to un~erstanding the geo1ogy of north-
r .~

eastern North America. Interest has recent1y beeri focu?ed on geophysical
( .

questions 1eft unreso1ved by,
•

•

, ..,
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"

.".. . ,

simpie extrapol~tions of onshore geology" tO,water covered areas', 'Geophy­

sical' datil suitable 'for; an interpretation of the regional geology of these

area's have been compiled bYrCatladia'n and American oceanogra'phi c i "stitu~
t

tions.
,'~' ...

"

Geophysical data collected in the eastern portion of" the ,Gul f' •,

of Maine and in"the Bay of Fundy by the Bed~ord I~stitute"of.Oèeanography

(BIO), of the Department of Energy,'Mines and Resources~ave ~ee~ made
9 ' .

available to the author for the p!.irpo"se of determining .the o'v~rall gëolo'g,i-

cal setting of the area and its relationship to th~ regional geolo~, of

the surrounding regiOns'.;Withth~se data it is hoped that informat-iQn_-ab~ut­

the lithology and structure may be used to provide further,insight into
• , l

its evolution, Interpretation of these ,field data will be .comparedwHh l'

results obtained by computer modell ing of a th'T!orèticalstructure,

,
,

1,2 General Descri ption of: the' Study Area

The Bay of Fundy, a northeast trending trough separating Nova
" , ,

Scot~ from New Brunswick, is well knqwn for its tidal fluctuations, which

in places éxceed 17 meters, Located along the axis of a broad s'otthwest

-',

dipping syncline, known as' the Ma.ritime Triassic BasinJ, ,

170 km long and varies in width from 75 km at the mouth

it is approximately,
"

to 50-km at the head

(, .
, "'l,,

..... / .

, .

•

" '"A ~\thymetry high can be,traced fnom near Càpe Chegnaéto beyondgeolog.y:

of the Bay (Fig. 1).

In gene~al the bathymetry can be related to the ge~logy of the

floor of ,the ~ay. Triassic sediments are t~e major component of this floor
, ) / "

and have'been uniformly eroded by glacial, fluvial and mar)ne action. Any

sudden c~ang~ in the bathymetry- can usually be related to a change in

.,
\

<'

,
,"~.,~

( ,.. '

-- . J
\
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.Fig. 1· Bay of Fundy showiY;lg bathymetry and location of gravity modela
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11e Haute to Quaco Ledge (450 l5N. 65025W).which is exposed at low tide.

Samples collected from the outcrop by the author were identified as

Triassit basalt. as opposed to the Triassic sediments that are usually

found across much of the Bay (see Fig. 2). :

Near Grand Manan Island the"smooth floor of the Bay is broken by

outcro~s of rocks that constitute pre-Pennsylvanian acoustic ba#~ent (Fi'9'"

2). The~ntacts with the Triassic are readily iderltif1ed by t~ abrupt

changes in the bathymetry. The surface of the older rock is very irreguiar
1

and th~ water depth is much less than that observed over the Triassic

deposits. '
•

JI' ,

I(
1

, The Bay of Fundy opens into the Gulf of Maine, a more or less

'rectangular body of water approximately 365 km by 250 km bounded on three,

sides by Appalachian geologY, The bathymetry of the Gulf is more c~mplex

than that observed in,the Bay of Fundy and attempts to correlate topography
""

and structure are not usually successful.

This ~tudY will Qe concerned with the Bay of Fundy and that portion
,

of the Gulf of Maine bounded by 68°W and BrOl~n'sBank (approx, 66°W, 43°Nl.a-

The section west of 6S·W ha~ been studied by Kane (1970) and Kane'et al. (1972).

, Referénces to that area will be based mainly upon these works.

1~3 Previous Investigations

Studies of the structure and lithology of .the Bay of Fundy-Gulf

of Maine àrea,have been carrled ~ut in two phases. During the first phase

workers used dredged sampl es and depth measul'ements. taken largely with.
, leadlines. to speculate about the nature of the bottom. These early sur-

,veys \~ere sUl'prisi ngly accurate corn;ideri.ng the some\~hat seanty data which

were avai,lable to the interpreters ..
.'



r

~'.

The second phase began with the report of Drake et al (1954 )

6.

which desc~ibed the results of seismic refraction lines shot in the Gulf of

Maine .. This marked the first use of geo~hysical methods to interpret the

lithology and ~tructure of the Gulf. Since then the area has been surveyed

to obtain magnetic, gravity and seismic reflectio~>aata and sorne interprp.-

tatYbQ 'of the geology made.

Pùblished literature on the Gulf of Maine has been rcv~d by

(

. Uchupi (1966), Kilne (1970), Kane et al (1972) and Emery et al (1970).
.

A brief description of the conclusions based on these reviews follows.

Uchupi (1966) reported on s'eismic reflect10n· data obtained in the

Gulf and summarized the results of the earlier phase of exploration. This

paper will be· discussed first since it reviewed all previous work and gave
/ '
t~ first comprehensive analysis of the structure of the Gulf. Based on

his own work and on previous studies, Uchupi reported the following.

Strata of Triassic age éxtend from the mouth of the Bay of .Fundy 120 km

(

'\

~outhwest into the Gulf to form three

. present in Georges Basin and possibly

narrow troughs. Cretaceous rocks are
'\ -

as an erosional remnant in Cape Cod

Bay. Rocks of Tertiary age are present as a continuous mantle in Cape Cod

Bay and are also 1'0und on Georges Bank. The Gulf of Maine' i~ erosional- in

nature and probablywas formed during two erosional cycles, a fluvial cycle. .

followed by glacial action. The acoustic basement seems to be quite near

the su~face in most areas.and surficial cover rarely exceeds 300 meters.

It is characterized by a very irregular surface and probably consists of

Paleozoic intrusions. and metaJ!lQrphic and Jurassic igneous rocks.

Drake et al (1954) used seismic refractîon data to show that the

Gulf is underlain by a discontinuity quite near the surface. Below this

the seismic .velocity was·a fairlyuniform 6.1 km/sec, which they concluded

(
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Fig. 2 Bathymetry of northeastern Gulf of ~aine

" -

7.

\-".~ .

'20 km

~J.oC

legend

Contour 1nterval ~ 40 m.. .
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was due to a 'sub-basement' horizon. Néar Yarmouth, Nova Sèoti?, a de~res­

sion was ''found ·filled with3000 m of strata in which, the. P-wave velocity "
\ .- .

was 5.1 km/sec:" N~r. Cashes Ledgè localized deposits wfth .a P-\~ave itel.o-
. - /., .

city of 4.0. km/sec were interprt;ted, as be'~'ng ?f probable Triassic age.
\ .

Uchupi (1966) later disputed this interpr tation and sùggested the occùr-
. "

, . rence of mildy metamorphosed rocks of Paleozoic age. The seismic lines used

by ~rake et al (1954) had ,large separations between the shot point and the

receiver locatüms. ,.The data will therefore give an oversimplifie~ picture'

of the structure'and a loss of resolution for the near surface velocities;

it will, however, give a better determination of the velocities in the lower
,

layers, making it possible to search for discontinuities at depth.

Worzel and ~chubert (1955) conçluded that the Gulf 'of Maine was a

fleoded continental block, based on submarine gravity readings that sh9wed'

the gravity field in the Gulf was approximately 20 milligals (mgal) higher

than that observed over the surrounding land areas.

Steinhart et al (1962) analyzed a seismic ,refraction profile from
)

the centre of the Gulf of Maine to the interior éf Maine and showed that

seismic models, with either sharp or transitional changes in velocity between. ~,

the upper and lower layers and between the crust-mantle inteJfa{~, would

. '.

satisfy the data . . .

c

l.
.Bower (1962) reported on a ship-magnetometersurvey bf the western

Gulf ~nd s~ted tha~strOng linear trends in the magnetic field off

Yarmouth may be due t~ ~xte~sion~ of the volcanic rocks found near Yarmouth, .

which showed similar magn~tic characteristics.

Malloy and Harbison (1966) reported on detailed magnetic and sei smic..
reflection measurements made over the northea$tern Gulf,of Maine. They de-

lineated se\~linear

~

fault zones and contacts between the lr.iassic strata



t

and the tightly folded CrYS'll ine

" ,

Paleozoics, which they believed to

9.

(

(

occuÇo}long faults that had beeri intruded by dykes. A ring-dyk~ l'las also
•

,identifie'd on the basis o..t, the similarity of the magnetic data to that

observed over; a kriown occurrence of a ring-dyke.

Schlee and' Pratt (1970) concluded that the gross bedrock geology could

be identified froll; pebbles olitained in dredge hauls from the Gulf and re-

ported the follOl'iing concerning the eastern portion of the GuI f. Sediments

similar to those of Triassic age ex tend from the Bay of Fundy to f10unt

Desert island. Spotteô schist is present in the region offshore from Yar-

mouth, which may correlate with rocks of Ordovician age in Nova Scotia ..

Felsite occurs l'lest of Yarmouth and extends to St. Mary's B,ay .

. ~ Kane (1970) and Kane.et al (1972) ;;tudied the gravity and magnetic

fields over the Gulf of Maine and concluded that the bedrock contained

aburidant ma-fic rocks pl;obably of early Paleozoic or Precambrian age and'that

major faults are present along àt 'least some of the margins of the Gulf. The

crust ,under the ·Gulf aypeal's to be different from that of the surrounding

area, but it does not clearly resemble any of the knGvlIl conventional models

of the crust.

Watts (1974) report d on a negative BO,uguer gravity anomaly near

Cape ~able, N.S., which he su gested may represent an extension of the

granite that causes the negati gravity field over most of Nova Scotia.

Models calculated on the basis f the gravity data l'iere used to reinfol'ce this

hypothesi~.

The Bay of Fundy has been covered by an aeromagnetic survey (Geolo-
•

gical Survey of Canada maps #7036G, #7037G, #7032G, #7033G), which is the

main source of magnetic data for the interpretation of the area.
,"

."
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10.

Ta~g and Uchupi (1966) interpreted seismic reflection data from

the mouth of the Bay of Fundy which' enabled them to extend, the Triassic

strata found in Fundy 120 Rm'into the ?ulf in three fingerlike troughs.
, "

Swift and Lyall (1968a l ,196Bb) reported on seismic reflection'

data collected in the Bay 'of Fundy which allowed the~ to show that the, .
"

structural and topographie axes of the Bay were offset. Profiles run near

the supposed location of the Fundian Fau{:of.2.hepard '(1'930) failed to show

any struc~~ve its 'existence a~ the mout~ ~f the ,BaY"~, but

did show a steep normal fault along the New Brunswick shore at the head 'of
•

the Bay.

King and MacLean ( 1976) have produced a map of the regional

(

J\
J

geology of the. area, which combines the r'esults of"other investigators, and

conclus~ons 'based on their own work at Bedford Institute of OceanOgraphy,

(BIO), Dartmouth, N.S,

"

\
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,Chapter 2. G~ology and Geophysics

2. l Introduction

The Appalachia~ range is a chain of r~latively low, steep

mountains that extenps over 3000 km along the east coast of North' America
\

from'Newfoundland to Alabama. The'.'chain exhibits an overall northeast

trend, which is prevà1ent both.in the distribution·of.rock type~ and the
, .

strike of the major folds.' The northern Appalachians, which surround the
. . . ~

. study area of the Bay. of Fundy and the Gulf of Maine region n are a be,lt

that was involved in the Tactonic (Middle to' Late Ordovician) an~·the Acadian

(Middle Devonian) orogenies. ·Most of the strata in the belt a're of Early

to Middle Paleozoic age' and have been folded and regionally metamorphosed

by these two orogenies. Rocks of Preeambrian age form the cores of·the

str~' uplifts to the .west and are exposed in widely separated areas
/ .
in the eastern portion of the,belt. Carboniferous sediments were deposited

in narrow intermontane, oughs along ~he Fundy Geosyncline as a result of

Middle and ~ate 'Pal ozoic rifting and faulting .. ',A re-activation of faulting

sed~s being d~posited along the Bay of Fundy and in

Cheda~~. '

) A brief description of. the regional' geology and te~tOJliCS of the

apea surrounding the Bay of Fundy and Gulf of Maine is given to familiarize

the reader with the study area. A more detailed account of the geological

'story of the area may be f.ound in Poole (1967), from which this precis is

rgely taken.

2.2 Geology of the Bay of F~ndy and Gulf of Maine

The geology of the area surrounding the.Bay of Fundy and the Gulf

of Maine has been controlled by two main orogenitic events; the Taconian

• 1

. '



and the Acadian

" '

Aorogenl es.

-'.,', .'

(' ".:.

l 2.

)' During the Late Proterozoic the area now occupi"ed .by' the Bay of

.Fundy appears to have been a portiàri of the Avalon Geosyncline,which by

Late Hadrynian (latest Proterozoic) had evolved into th~ Avalon Platform,

upon which platform-type deposits of Late Hadrynian and Paleqzoic age accum-. . \ .. .
ula~ed (Fig. 4). Remnants of the,se deposHs ,are ,still present in" Cape Breton

and al~~ the north shore of the Bay, of Fundy, while precambri~n d~~~ ~

near Cape ,Cod, Ma?s., may also be part of the same sequencé. ~.

During the, Cambrian and Early Ordovician eras, sediments were

deposited in the widely separated belts,of 'the Meguma and Acadi,an Geosynclines
, .

and on the St. Lawrence and Avalon Platforms (Fig. 3). Sedimentation contin­

ued uninterrupted.until the start of the Taconian'Orogeny in the Middle

Ordovician. The St. Lawrence and Avalon Platforms were\uplifted and deposi­

ti~n ceased. In the Meguma Geosynclil)e up to 9590 m (30,000 ft.) ~f sediments

were deposited. The lower unit of the 'group, the Boldenville Formation, con~
,c

sists 00 m or more of-greywacke and slate, showing evidence of northeast

turbidity currents aligned paraI leI to Devonian fold trends.. ,

the Halifax Formation, consists-of'500 to 4000 m of dark

The ea~ly phases of the Taconian Orogeny produced

epeiorogenic movements on the St. Lawrence Platform a,nd Avalon Platform but. '

ha~no effect on.the neighbouring geosynclines.

The Midd~e and Late Ordovician were tectonically active periods

within the AppalacQian .Geosyncline. ln-the Acadian Geosyncline deposition

of greywaèke-volcanics appearsto have continued until Middle prdovician,

.while in the Meguma' Geosynéline deposition changed from the grey shale of

the EarlY,Ordovician to th~.volcanics, q~artz sand and 'shale of the White
.' .
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Fig. 3 Latest Hadrynian, Cambrian and Lower
Ordovician Depositions

J

Fig: 4 Upp~r Devonian atiQ Lower Mississippian
Deposition§

'1
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\
.Rock Formation. It was postulated that during mid~Middle Ordovician

the Avalon Platfo,rm in New Brunswick and Cape Breton Island was folded,

intruded by mix~~anitiè rocks and uplifted. . .

Beginnin~~n early-Middle Silurian, deposition of the ·White Rock

and a somewhat similar Kentville Formation sedimentation appears to ,have
, . .

continu~d in the.Meguma Geosyncline during the Silurian and Ear1y Devonian,

osited on the Avalon Platform in N.B., and

Devonian saw the,start of the Acadian Orogeny,

which converted he Appa1achian Geosync1ine into a stable' craton (Fig. 4),

whi1e the ArisaigGroup was

Cape Breton Isla d.. '

.-'

which was then fteformed by faults, warps 'and gent1e basina1 subsidence. In
. '-...., .

the Megum eosync1ine deposition ceased in Middle or Ear1y Devonian~ ,

it 'continued t~ middle Ear1y Devonian in tre Acadian Geosync1ine. 'On the' ,

Avalon P1atform sandstone·and si1tstone were deposited on the Arisaig ~orma-

.....
(

.~ ... " tion . In the main phase of the Acadian Orogeny (late Middle to ear1y Late

Devonian) roèks of the Méguma and Acadian Geosync1ines and the Avalon P1at-.

form were fo1ded and fau1ted and parts were m:ta~rphosed ,to schist and

,gneiss; there was considerable intrusion by granite batho1iths and the
, . , . .

entire area was uplifted and èroded, (Fig. 5). The Acadian Orogeny decreased

jn intensity of tectonism from Late Devonian. to Permian, by which time the

principal features of the older teçtonic e1ements no longer inf1uenced sedi-

mentation.

Ballard and Uchupi ,(1972) pu forth the idea that the 'Bay of Fundy-

Gulf of Maine areas owe their pr.esent f rm to two periods of. rifting; 'the

first between the Upper Devonian and mi -Pennsy1vaniari, the second in Late

Triassic.
'"
"

./

~ ) ,C!. ."
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(Pôole

extend

Th;' ",,' p.e'l' .iftl,g. th. M..itim~f"'f;DI'tu.h.."

1967) ,-gave rise }W--!he, C,arboni~ous Fundy Rif't Basin which may

f~om' the Sdotian,Shelf'thrOUgh' FUn~y ,and across the Gulf of Maine. f,

J

, '

" ',

, '

- "ide with the shores of the Bay. The ba in, was

f 1
,.~j' ,

tl a zonè 0 vo canlC lntrusl~ns aSSOC1. " , .
_""",s'",'~'The Maritime Triassic Basin séems ,.6 be a

zone ,Of block faUlti,ng ,~nd tensio ',~ent related 'to' the oMer car,~oni~:
ferous rift system. , ~

, Triassic faults extend from tre Blly oT Fundy eastward t Cfleda- ,'.

bucto BaY and across the Scotia~ Shelf'l ~aU~ing 'development of a d wnfaul~ed
and'downwarped trough, in wh{ch flU~V'a ile and lacustrine facies qverlain by

over ,100 mof theorl itic basalt wer 'deposited (Poole 1967).

The locus of the'Triassic d posits coincides roughly with the zone

of low grade metamorphic Carbonifero~s sediments and post-Carboniferous

Between 1500 and 3000 m c;>f sed,iments were' deposited during early Mississlp~
• ~ j • .

p~a~ timeJ.' th~ fault controlled Fundy Rift Basin, while a, th~n layer ~f'

sediments as deposited ~n the adjacent stable New Brunswick and Meguma
, .

Platforms. The sediments in the Fundy Rift Basin were highly folded,

.. , fa~lted 'and mndy metamorpho~ed at the 'end of the initial ~iftl-og, (Fig'i 4),,·,

,~ ~he second stage of rifting began in the late Triassic and led to'
o •• '.. . '... - ...~

the development of·the ritim~ Triassic Basin of 'the Bay of Fundy, the, _." "
~ . .,

(

\,

faults, The Triassic Basin has. been flexed into a broad geosyncline rlefiried
• .,J. .

, ...
bY, t~e' curv~d cuesta of Cape Split (Fig. '1), plunging towards .the Gulf ,of

'. side rest unconformably on older

ugh is bounded on the north'shore

down) while the strata on :the south
• l\' • . '

The floor of the Bay, from Chegnecto

Maine, with dips of,a few degre~,s. The

by a series of normal
(

"
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Bay to Grand ~ana'n' (F,ig: l': ,is a smo~th p~ain '9\Triassiè r~cks 'which ','

generti1ly iiave ,~reater d,iR than do younger format'lOns - an indication of
'a "" • iir "

~r tectonic activit after the Triassic beds w~re d~pos~ted~. , .. '

Ma~ the ·Triassic sediments ,are faulted into ~. V4mber
. .

of basins, separat d by bas~m~~t highs o~ pre-Penn~ylvanian ~ocks (Fig. 2).
, ..... ~ • " .' • J • (".-

The Triassie se9ime.nts ·general.1Y ~jp~y ,from th~se basemê~~ highs. '.
, ,l.. !. l ";' ., •

The Palisades dtsturban~(Fig. 6), which lad to the dep~sition. ..... ' " .
l ... ....

of the Triassiç deposits in the Bay of Fundy, appears to.~ave béen the ]a~tr
,;. ,. ~

t,

( '-

".". l 0 ..

• r ~

Correlation of Densities, Suscept:ibilitiés and Lithologie's,' '.".
.. . ~.' ,', t1 .

,When de'al ing with potential ffe,ld dat?, it must..~ real~~d th~t
.' . .

relationsnips 'betwe~n·th~ physical properjlLesof

2.3

major teetonie event recogniz.ed in- t~e Cana,dian APpalac:'hian~t ,Rocksr pt"
. - . . . .... "'-.4

~ .. ~ '':'"
Jur,ass-ic ~ have Dot be~n recognized. in the ,B?y of.,FundY~ but are k~/ to

oecut on the ScotiaD Shelf ?nd are thought to underlie part of the Gulf.pf
, ' ., ,

Maine (l(;n9 and MaeLean, (1976)). , :.'. .,

..
thére-are no unarnbîguous

')

·rocks and type of rock. ~owever, sorne of these are well established and 'can
,';.. .. . ' t

be used fairly concl~STVelY to de.termine and analyze sp!ci~ic 'l~tho'logic ': ,

units.

It has frequently been noticed·when dealing ~ith well corisolidated
\

ultr~a-mafic r'ocks~ while ',','

Kane and B~mery '(1968) showed that

'1

rocks that gravi ty .hi ghs are p~odu'ced by mafi'c o"r
• 1

felsic intrusions produce gravity lows.

-,

, .

. ,

\'~' - .JI,

- -\, "

\.

these relations àre valid with respect tô the) gravity field and geo~ogy in

Maine. In.Nova Scotia ~nd parts of New Bruns~ckt. however t Garland (1953)
... . .. ,,...·l . ••

·has shown that sorne of the gravity 10w~ found there are caused by low denslty . '
'.

sediments of.Carboniferous and.Triassic age. Th{~ will make the,~nterpreta-

'ltior:t·of gravity 'lows near Nova Scotia somewhat ambiguous, 'althou,.gh the

{
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gravity highs seem to be caused unilateral1y bY'mafic and ultra-mafic
, r:;
V'

masses.

When analy]ing aeromagnetic anomali
"- .

that'the sources of the anomalies

it is frequently assumed

re pri mari"l y i gneous rocks,' eithe-r vo1-

tie attributed

canic or plutonic. However, in Nova Scotia the main occurrence of igneous

r~cks is an essentially non-magnetic granite of Devonian age. As noticed
li.

in other areas, the granite has a magnetic aureole associated with it. due

either'~o a differentiation of the granite or ta metamorphism of the country

rock .. Igneous rocks ~e White Rock and Kentvil1e Formations and the
r ' r

Triassic North Mountain basalt al~ ~ho~ re1atiyely hjgh magnetic anomalies
.' -9 2and an anomaly of 300 ta 400 nT,(l nanotes1a =1 gamma ~ la, weber/m =

~ . 1 nT), is associated with the Halifax formation, a metamorpho ed unit of

. Ordovician agè,. Thu's the magnetiç anomaJ1è? in Nov~ Scotia c~
1) ,

·to at least two ~ources, igneaus and metamorphic rocks.
. 1­

ambiguity to the interpretation.

A brief descr.iption is given of the charac.,!:-eristics of the more

important l ithol agi c units ~- ,outl i ni ng the, cdteri on used ta i,dentifY the

causes of the anomalies in water covered areas. -These are ~ummarized in ~

Table 1.

"
'.'

v .

. Thé aldest rocks' in the study area are t~~pre~am~rian rocks found

on the north shore of the Bay of Fùndy. These outcrops are genera11y char-

)

acterized by positive Bouguer anoma1jes o~ u~ to 25 mgal! and ~.mild p~si-

~ .tive magnetic anomaly with short wavelength 'and an average amplitude in the

~ rangea to 200 nT. ,.' , .

Rocks of the Goldenvi11e 'and Halï'fax Formations

Series, are the oldest found in southw~stern N~vf Scotia.

of the Megum'a

The Go 1denvi 11 e,

",
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•
TABLE 1

Potentia1 Field Charaete~y1es

Study Area. ' \

of the Major Lithologie Units in the

"

(

UNIT

Preeambrian

Go ldenv'i 11 e

Ha l ifax

'Granite ~

~oni ferous·

Triassie sediment

~lAGNETIC ANOMAL y
~,

o to 200 nT

be10w -200 nT

-200 td 0 nT

nT ,//
~ be10w -200

~ 0 to 400 nT

-100 to a nT

BOUGUER .GRAVITY

'negative

neQative

negative

....

.- . ,

Formation eonsists primari1y of early Ordovieian greywacke. Taylor (1967)
'~~) .

'reports app~oximate1Y 5,600 III ,(1E-;sOÔ ft') of 1:hese .s trata éxposed between
"

the base of the overlying Halifax Formation and the crest of an antieline
, .

0.5 km northwést of Blaek·Point,.Nova Scotia (Fig. 2). Approxima~e1y 3200

.,.
/

/

, -
m of Halifax Formation are exposed in a syncline near Cape ~t. Mary (Fig.

2), in the Goldenvil1e, Since the effects of fo1ding and faulting are not

""'completely known, this value is only an estimate of the aetual thickness of

the strata~

\ . A ;ens i ty of~ 2', 7 to' 2, 75 9l11/cm~ has been suggested for the Meguma. .

by Garland '(1,953) o'n .the basis of s'cattered density samples. For this study

a density o~ 2.8 gm/cm3 has been chosen· fo~ the Go1denvi1le Formation and

'of 2.70 gm/em3 for the Halifax, based main1y on-the resu1ts of Garland

(1953), and from recent density studi~ (unpublished, Goodaere (1973)). The
, .

(
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density contrast of 0.15 gm/cm3 between the Goldenville and the Devonian

granite found in Nova Scotia (2'95 gm/cm3) accounts for the steep gravity

gradients observed at contacts of these rocks. The ma'gnetic field observed.

over the Goldenville 'is usually quite uniform, although slightly higher than
, '

that observed over the exposures ~f granite in N.S. Near Yarmouth a'zone "

of hi9h magnetic readings occu~s over rocks mapped as argillite {Tay~or (1967)).

The magnetic field associated with the Halifax Formation shows linear anomal­

ies over portions of the formation and a rather uniform field over others.

(

c

The magnetic field seems to be controlled somewhat by the structural relation­

ships of the formation. A qualitative examination of the field over the

Halifax For~atJon shows that a.magnetic high genera~ly occurs over areas
"---'~-' .'

that have been folded into synclines and a lo~ over area~,that have been

folded into anticlines~(Geological Survey of Canoda Maps U7030G an~.U7032G,

Taylor (1967)). A possible explanation of this' association is a e of

magnetic material near the base at the Halifal< Formation. Where the one,.
occurred near the crest of an anticline thè material has p~obablY been

removed by erosion, s~ce it is at a higher elevation, more susceptible to

erosion then similar material in synclines. Removal of the,magnetic strata

win cause the field to be lower oYer the crests of anticlines than over

'the synclines, .where there is now more magnetic material. The outcrop'of

Halifax Formation near Cape St. Mary (Fig. 2) has 'a high magnetic anomaly

associated with its central portion. Since the formation DCCurs in a plung­

ing syncli1e at this location, the magnetic anomaly could be explaiQed by a

zone of ma~netic strata near its base. Bowet (1962) has suggested that the
•

orientation of the rock may have an appreciable effect on the' intensity of

a magnetic anomaly. However, the'magnétic depressions seen along the crests

of anticlines in the Halifax Formation are a strong indication of erosional '

stripping of the magnetic material. " •

,
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v

The, White Rock formation of OrdQvician and/or Silurlan age

partly overlies the Halifax Formation, in western N.S. (Fig. 7). The complex

lithology of this formation leads to a rather complex geophysical signature.

An irregular series of magnetic highs is clearly outlined over the White

Rock Formation, which Bower (1962) attributed to the volcanics in the area.

ln genera l the magneti c anomal i es trend 'northeast for some di stance and often

can be extrapolated offshore.
. Il .

One of the most notîceable features of Nova Scotian geology
~

is, a

(

large granite batholith of Devonian age (Fig. 7). Garland (1953) noted a

general coincidence of n~gative gravity anomalies with the large granitic
, .

masses of Nova Scotia and suggested that the granite was responsible, at

least in part, for the low gravity field of Nova Scotia. A steep gradient

in the gravity fiei~ is usualiy observed at contacts of the granite and the

metamorphosed rocks of the Meguma Group. A density of 2.6 to 2.~5 gm/cm3

. was suggested for the granite by Garlançl. For this study a density of
3 .' .

2.65 gm/cm has been chosen. Themagnetic field over the granite is charac-

terized by its uniformity. A model study by Garland showed that the magnetic

field of the granite was that· of a uniformly magnetized body, with a suscep­

tibility contrast of 0.0011 cgs units less than the surrounding slates and
. .

quartzites of the Meguma_Group. Both the gravity and magnetic characteristics

reflect

eolei s

a low ma3fetite and heavy accessory mineral content.

seen arou!ttJ' the granite at contacts with the country

A magnetic aur-

rock.

Carboniferous sediments overlie .the older formations in the middle

p~tion of the proviQfe of Nova Scotia and in parts of New Brunswick and
M ...

effectively mask the gravity and magnetic signals assGciated with the alder

) rocks. ln such areas a positive magnetic anomaly with long wavelength can

usually be seen, accompanied by a negative gravity anomaly, whose amplitude
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is dependent on the thickness of the Carboniferous strata.

The youngest rocks found in,~he study a\~riassic strata which

occur al ang the 'shores and under .the Bay of F.undy. ~ese formati ons éontai n 7'
sedimentary and va1c~ni c.' racks .. The sedimen.ts hat. Tang· wave1ength magneti c

'anomalies associated with th~m which are, predomina,lY positive.' The vo1cani'c

rocks have a pattern of short wave1ength positiv~:magnetic anomalies and have
"

",f

~ .

a much higher density than the sediments. The 10wer density,of the sediments

gi ves the Baya negati ve gravity anoma1y ~ which decreases towards the no.rth.#/

This decrease in the gravi.t1 :ie1d indicates a thickening of the low density

s lments towards the north ~hore of the Bay.

1

~.
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~..)
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. "



3.1

Chapter 3. Source and 'Accuracy of Data'

Source of data

The major portion of the data used in this study of the

'24.

~.
1ithology

and structure of the Bay of Fundy and Gulf of Maine was made available to

the author by the' Atlantic Geoscience Centre of the Bedford Institute of

Oceanography (BIO),. Dartmouth, Nova Scotia. BIO c?nducted surveys of the
.-../

Bay of Fundy and Gulf of Maine areas during 1964 (cruise BAFF.IN 64-019) and
v

19?1 (cruise HUDSON 71-014) to collect geophysical data that could' be used

for' an interpretation of the geology of,offshore Nova Scotia. :Further work

was done in 1973 (cruise SACKVILLE 73-032) to help define suspected errors

~~ 1971 survey and to extend data coverage of the area.

~ng the first survey, magnetic and gravity data we:e collected

near Grand Manan Island in the mouth of the Bay of Fundy (Fig. 2) ·on N.-S

l,ines spaced at approximately 0.8 km (.0.5 miles).

This coverage was extended.in 1971 0~atts and Haworth

(1974)), when magnetic, gravity and refleètion seismic data were collected on

a series of east-west and 'northwest-southeast lines fn the llulf of, Maine

and on a single zig-zag line and several north-soutn; lines:in the Bay of Fundy.

Bottom gravity measurements were obtained in 1973 (Haworth (1973);

Parrott (1974))- to check a series of discret;e--,-jumps noliced' in the gravity

",'d'O';)" 'h, P""'" ",'". Th~ h''.';;;:I''''Y",'d'O'' ,h.."·'h"
corrections made in the data on the basis iscrepancies noticed at the

,inter~ecting ships tracks were· ~1J~~jfied. ,Addit'Ïonal magnetic data were

,collected while the ship steam~d between gravity stations, allowing extended
•

'.

l

.r

c coverage over areas,of interest.

\ ,

'1 ""_
'''i,: .., ~ \.,

.'... l

.-
, 1..•

'.
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.
A more detai1ed description is given

Geo-

equi pment used in coll ecti ng and.

Equipme'nt

of Canada Open File system. 'The phi1osophy and technique

use contouring and processing the data by computer is described in

in the

detail 'by Haworth (1974~.

The total magneti~ field was recorded directly in nanotesla~

, .
every'six sèconds from a proton precession magnetometer towed approximate1y

"'
200 m behind the ship. The data were presented both as total magnetic field

.
and as the magnetic anomaly, the latter calculated by comparison of the total

magnetic field with a reference field obtained from the International Geo~

"

( magnetic Reference Field (I~GA 1969).

The shipboard gravity ,data were collected using a Graf-Askania

"

'15l34)!
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Potential Field Maps of the Study Area "

roduce magn~'tiC anomaly

,N and 460N an from 630W
,~

th~-l:l,OO 000 scale

Canadian Hydrographie

compilation of potential '

In order to facilitate the interpretation of the lithology and

r the Gulf of Maine, data

Lambert Conformal projection maps
_J

Ser~ce for that area in order to aid the

and 'Bouguer anomaly maps of the region between

to 730 W. ~hese maps were made to
•

from surveys in adjoining areas, were combined

obtained on the BIO surveys, plus t~e published dat of other institutions

structure

field data underway concomitantly at BIO and to make use of dijta already

present in this form'at BIO.

(

~

Data val.uesat the junctions of the individual surveys were com-

pared for goodness of fit and continuity. Where necessary the base level

w~s adjusted to bring the data from the various sourcesto the reference

datum of thè BIO data. If a conflict arose ,over the position of a,contour

"

',. .

ap3.2 Magnetic

i?o:Qn. In this case the contour was

u~ertaintY of .. s positi9n.

at the junceion of surveys, a visual best fit approxi~ation was made, with
, P

the final position being weighted in favour of the 'more de~sely sampled pos-

shown as a dashed line to indicate the

, :
.....,.

'(
C

The data used in the compilation of the magnetic ~nomaly map 'for

the Bay of Fundy and Gulf of Maine, came from the following s9urces: .

1) data collected in the B~y of FUn~y and easr~~~ of Maine
l '

by BIO during 'the cruises mentioned' previously and m~de avail ble to the

author as the basis for an interpretabàon of t~e geology of the area. ,
.' .,.

2) tiata compiled by p.J. Hood from aeromagnetiç data as part of

his regional compilation of the Canadian Maritime Provinces and made avail-

'\



< •

•
27 .

('
..

"
able to the author by BIO.

3) data published in tl)e reporL of I~ane et 'al (1972) in thelr

, s tu"dy of the potential f.ield 'of the GuH of Maine.

~ The map presentS the màgnetic-anomaly remaining after the effect

·of the majn component of Hie, earth's lIIagnetic field has beel"ren~oveû. In
, .

. the data of trIC. BIO aRd of Hood, the main "component \'Ias rernovetl by referenc-

ing to the ,International Gep~agn~tlc Reference field (JAGA 1969). The'

data for the Gulf'of r·laine ta ken -From the report of Kane et al (1972) viere'
,

reduced by a method that l'Ias not vie" docUJnen:.f,d in the litàature èxcept,
t;ha t the da ta \'Iere refe'renced to an arb i tl"a l'Al da tum.

•

" '.

.'

the

Consequently, i.t Vias found necessary to l'aise the daturn usecl for
~ tr "
da~a3 Kane et al (1972) by 800 nT (thereby reclucing the magnetic

( an0nWY values .by 800 nl), in order to bring the tViO portions of the data to

a cornrnpn·level. The 800 nT daturn dHference was ba.sed rnainly on the coin­

cidence of cOntours in the southeast porti"on of the lIIap, at the junction·.

of thE!"'l<ane data .and the data obtained by the GIO. Contoul"s \'Iere joined on...
the basis of the 800 nT daturn difference progressing f~om south to north: . ,

After a" the co~tours had' been ~oine~, :the'l:lata 'compiled by Hood I,el"eo~
lain and found to coincide e~actly vlith the Kane data on the adjusted' c1atulII.

The magn!'!tic data f~tlle Gulf of Maine ,and tlle sun"ounding land

·area:s Ylere obtained fr~m an', a$rOI,9netic survey flOlvn by the USAI" as part

of project 'Magnet'. Lihes were flown at ~ height of 200 III over the Gulf
."

and 500 to 800 rn6ver land at a flight line spacing of 8.0 ~III. Data for

Canadian land areas Viere ob.tained f4iPrn ael"omagnetic surveys flOlvn at an

average line sp<lcing of -D.8 km at altitudes of 150 to 30.0 III. Data from vlater

covel'ed areas l'iere obtained frolll shipborne surveys using a tOl'led magnetoll;,"ter,

on line~' that varied in. spacing from l km to allllost 25 km. In the [lay'of

.~



('. ..

'\ .

- .,
. .

.

,\
, .'

•

." 28 .

.\ • Q

(

"

lt9~nd

Co t ". n our Inl~rval

-200 200 nT
• _ Ha~n~t le cont ', ~ ., our

<i.f Shorelir.c

44 N .

~
/i .

. l ,

, \

-,..-'-- '

\'
1
1

. i

~
\
1

0_ '/~C,oo~=-./~-". ':
--" "-

Fi g. 8 . Magne' t'.' . -_. -~ __--<2N
1cAno l ' , . ' ,

. ma y. Map of "estern N" '. '.. ova Scotia and th '. , e Gulf of Maine

. . ... -



"

" . , ... .29 .

"

Fundy and approach~s the ·shipborn survey:coincides ~ith an aeromagnetic

survey. The latter has·not been 'ncorporated into the map of the magnetic., '

but 'was cohsulted he~evér more densely'sampled data
, .1 •

The data are presented at a scale of 1:1,000,000 on a Lambert

Conformal projection. "Th~ Canadian pata were 'à\readY availàble i'n,this

form; the Kane.data'we~lotted to the same sca{e, but on a slightly dif­

~erent p~o~ecti~n. T~~~uir ~ sorne ap~roXimat;on 'in t~ position of the

contour~. An overlay was cen ed,on: e~ch'lo square in succession and the
" .

contours in that square dr~n. ,In this way the contours in each 10'sq~are
"

are in' a reasonable ap~roximatibn of'its actual posjtion! and the overall

error in position can, b~cons.idere.d negli~ible."

\ field (F~9. 8)

~n provided by the,shipborne survey ~as ne:ded.r
• i •

(
1

.,

3.3 Bouguer Anomaly Map,

The data used in the compilation of th~ Bouguer anomal y map
"

(Fig. 9) for the Bay qf Fundy and Gulf of Maine came from the followi'n9

sources :.

~) dat~ collected concomitantly wi~h the magnetic data by the

'BIO'in'the cruises previously mentioned.

2):data compiled by the Earth Physics Branch of the Depa~tment of

Energy, Mines and Resources and published as map #149 of the'Gravity Map

Serips.,
,3) data published in the report of Kane et al (1972) in their

c

,

, study of the potential field of the Gulf of Mai~e, and in map GP~839 pf
" -

the G:OPhysièal Investigations of ,the U.S. G~ogicà~ Survey.

The map presents the Bouguer gravity field after all the necessar~

carrections have.been made. All land surveys were corrected for elevation

[

/
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using a density of 2.67 gm/cm3; the data co11ected i.n the Ilay of Fundy

\

Gulf of Maine wer.e corrected using an assumed density of 2.80 gm/cm3 for

rock, with.no value given for'the densÜ'y of sea water uSEjd, in the c?lcula-.. .

t,i ns-:~Since no den~~s given i~ wa~ assumed that"l.OO' gm/tm3 l'!as used

'in~_the ,.c~-lculation ,of the Bougue; gr,avi~' This will- l'ead to a difference

in. the 'dens{ty ~ontrasts' used in tne cor~ection for the Bouguer effect of
, .' . '

,~0..16 ~m/cm3. b,etween' the ~wo marine -gravity surveys, and an error of:

'J'" '

.r

and'Gulf Dt Maine by BIO were
, -'-J'

3 '
gm/cnl for sea water and' 2.67

corrected using

gm/c~3'Tor rock;

an assumed density of 1.03

the data from Kane for'the

)

" .
• i " , , ,

., .
./"'~' .: ). , "-

"

9 = 0.-039 x l>d mga l /meter of wa ter depth

= 0,:'039 x 0.16 = ~.0064 m~a1/m

- 0.64 mgal/100 metêrs

(

,
The water dépth; in the Gulf ~f Malne varies ,from less t)lan lb'a m

~ " ...

to ovèr· 370 m: Consèquent1y the'va1uespresented by Kaoe et al (1972~ fo~
, .. ~

'. the Gulf are 0:6 to 2:5 mgal Iligher than the 'data proces,sed by BIO for the
-

'cdrresponding area. This has not been adjusted bui sho~l~·not.distort the

overall interpretation of t~e.data~,,

Data co11ected in th~.Bay of F~n~ and Gulf of Maine by the'BIO',

,,' consist of surface~ravitY.measurements tak~n on east-weSt and nOl'thwest­

'soutttèast shipstracks aï à s~~ci ng or, app~0~imate1Y ;15 k~ surface,

measurements are tied to -the Cilnadian gravity net by calibration readings.. .
_. at ports' ,of -ca 11 'duri ng the crui ses. The' surface gravi ty measur~ents .were

"-.' .
checked by readings taken with an underwater gravimeter on a 1ater cruise by

, ' ,J .
" the "BIO. <: .. 'J '-' - ~(t. '

- \ '

,.The Earth Physics Branch results were compi 1ed' fr.am 1and gravity

1anp based data were coll ected 'on Toads l'de sur-
• 1.' "

.. •
1.,." ~

.\.... ,
~

j

'.,

and seaf100r'surveys)."The

,

....._r_

p " ,f '.

... ...

.. .
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" \ '

veys, which tend to gtve higher concentrations 'of data near the coasts of

,

al (1972) )'were

l'lere coll ected

based gravity data, '

G;avi,b .. datil for the I~estei'n Gulf of flaine (Kane et

fr~m both "bottom' and:~rVey~. , ~urface dataobtained

, .
àble along the.coastlines allows

""the 1and

• the Atlantic'Provinces due to t~e d!stributiQn of foads, The control avail-

a good c6rrelation of the marine data with

on north-south and ,east-west sllll-ps tracts spaced at abo~t 16 km. Data

collected from bottom stations covered \80;:' of the s~rf~ce 'areas surveyed on

• a 16.km grid that genera11y coincided \'Iith the inters.ections o.f theSh~

track.

. (

" A 3 mga1 di screpancy 11as' noti ced betl-Ieen the surface and' bottom

surveys of the western Gulf and a RMS error of 5.3 mgaJ. l'las obsei'ved at

112 shilJs track interseCtions' in the [110 data,

\
,

Additional Sources of Data

These magneti-c anomaly and [louguer gravity maps are the main

sourd@ for the inte'rpretution of the potential field data of the !lay of
>

,

Fundy 'and Gul f of ,t"aine~ HOI:/ever, ,these maps \~ere coincident l'Ii.th areas of
, Y'-

aeromagnetic and shipborne magnetic surveys published by

vey of ~Canada (GSe maps 7032G, 7033G, 7036'G, 7037G, 7291 flagnetic
, .

\

more detailed infcirma-map lilhel'ever, the c.ovel'a~e 11as more complete,

data obtained from these.maps l'iere used to supplcme magnctic an,om,aly

c-

tion abOlit the correlatibn betl-Ieen the lithology and sb'lIct,ure ùnd the chal'­

acteristic I1lùgnetic signùl wùs requirecl. 'Compùisons l'iere macle in ùreùs

. wherc the éoverùge overlùPPed- to check for possible errors an,to ùllow cr

mOl'e comPle'te Interpretation. nlis .ovel'-lap Vias pal"t'\cul~rlY uS~ll in the
, ,

, -
llùY of Fundy where the BIO survey had only co11ected dùta' over l'iidely spùced
, ' .

, -

lines \'Ihereùs the ùeromùgQctic datù \1aS aVù'ilable from flight lincs tllùt l'Ic\'e
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approximately 1.6 km apart.

3. il Accuracy of the D~ ta

Most of .the computer modell ing developed to check the val idity

of the proposed 'geological structures is based on the gl'avity datù collected. .
in the area by t~O .. The ships. tracks·:'from \·i1iich the potential field

data \~ere collected .jere r~tiler ~Iicjely spaced ~ver most of the study al'ea.

It was felt tnat int~rpolations'across such large data- gaps ~[ouldbe more

valid and meaningful for the gravity rIata than for the magnetic, where the

'values may change quite dras{ically over short distances.

Unfortuna te ly the overa 11 accuracy of the gravi ty' da ta is ~-not

good. During·the 1971 cruise of the BIO (cruise HUDSON 71-014) the gravi-
,1

meter underwent sudden displacements (tares)'that remained constant.for

perfods ranging from 5 ho urs to 6 days. These-tares caused 'slips' in the

recorded gravity readings, producing large discrepancies in the values ob-
. ,

served at intersecting tracks, which 're,sulte'd in err-èls of -17)lnd -23 mgal

.. f

",
in base station checks on the two phases of the cruise. A RMS err6r of

19.9 mgal l'las observed at.112 track inters~ctions. Af\er a system analysis

of the data it was possible t.o reduce this to 5.3 mga1. These co'n'ections

were later checked by underwater gravimeter measurements at locations l'Ihere

error of 5.3 mga 1 and i ts effect on the fi na 1 mode l ,

mind this possible
,F

To emphasize this

bea r in

tares l'lere suspetted_t:o have occurred and. found to h(lve been justified.

In interPl'eti'ng ~h~se' data on~t
the

possibl~ effect the .limiting cases of nraximum error were modelled. A pro-

'file coinciding \·Jith A-A' of Watts (1974) (Fig. 13) l'IBS chosen to .51\0\'/ this, .

,C "'~t, since a-\.lOdel study had already been done over the causative body

- a~Uld be used as a convenient starting point (Fig. 10). If the errors

•
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are combined in such a way as to give the largest possible amplitude, an

anomaly of 10.6 mgal is superimposed on the profile. As an illustration
,

the error of 5.3 mgal is added to the largest observed value in a profile

and subtracted from the smàllest. This is shown as Case l data in Fig. 10.
1 I~/ .

Casa.~occurs- when the èrrors are combined to give the minimum possible

amplitude and the prof~le is reduced by 10.6 mgal.
. ,\

Wat.ts had suggested an outward sloping granitic intrusion, having

a density contrast of 0.15 gm/cm3 with the host rock, as a Possibie cause

of the negativ~ grav~ty anomaly observed near Cape Sable, N.S. (Fig. 11):

Models were constructed, to satisfy éach anomal y using a program that computes

the gravity effect of 2-dimensional polygons. The models have a common

upper surface for the granitic intrusion and an overall modelling accuracy
...

of less than l mgal RMS error betwe;n'the observed and calculated value.~

Figure )1 shows the results of the mod~lling. A marked difference in the

depth extent of the granite necessary to ~atisfy the different profil~s

~an readil) be noticed. T~is same degree of error'can be present in any

of the modf;!ls produced in this study using the contoured gravity data.

The source of ,the data can also have an effect on the profile

produced si nce different methods of proces'si ng may have been used. Profi l e

A-A' fr?m Watts (1974) was again chosen to show this and the anomal y plotted

from the following sources:

l} the map presented in Watts (1974),Fig. 1)
\

2) BIO contoured data used to produce the map described 'earlier

in this chapter (Fig. 9)

c ..
3) 10 minute data from thé HUDSON 71-014 cruise report (Watts and

Haworth (1974))

4) 2 minute 'data from the listing produced when the data were pro-
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cessed to obtai.n the Bougue~ anomaly '(made available by BIO).

As can,be secn inFig. 12, il variation does exist in the data fro~~ •
. .' ~ ~

different sources, and the results of any interpretation'will be dependent

, on the source of data used. For the purpose of tllis study only data digi-
, .

tized ,from' the contoured Bouguer anomaly map (Fig. 9) will be'used for com-

. puter modelling of the gravitY~.--NQ further attempt will be made t.o"

correct the data,presented o~ ~His map. As a result, the interpretation
" ,

,
The smoother profiles obtained from the contoured data supplied

by the BIO will give simpler and less accurate geological models, than the

more precise 2 minute data', but since' the quality ànd' quantity of data
, ,

available is suitàble only fOl' a' regional interpretation, it is satisfactory

for the present work, Modelling of the 2 minute data would be very time
"

consuming and, consid~ring the overall accuracy of the data and the inherent

~,~oblems in interpreting potential field data, probably no more representative

[ of the actualstructure than a sirnplified model. Only where detailed seismic

data ~rovide additional control would use of the 2 minute data be justifie~ )~

•

•r ....- • /

"
A •
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'Chapter 4. Interpretation of ~he Data

4.1 Introduction

\

. Sorne of the characteristic geophysical anomalies observed over

ormations around the Bay 'of Fundy st~dy area can be followed offshore for

somé d1stance and may be used to map the structure and lithology in the

water covered areas. lhese areas, in'which the geophysical trends can be
'" .".

rela~ed to known géology on nearby shores, will have a high confidence level

associated with the interpretation and will be useful as a basis for the

linterpretation of the adjoining areas which have iess control. Interpreta-,
) '. . .

,~~~ of the geology can ~lso be used to supplement the models of the regional

(,geology presented by previous workers in the area.

4.2 Methods used in the Interpretation

The method used for interpreting the geophysical data in the study,

area consisted of determining t~ possible' cause of the anomaly and testing .

the interpret~ion by comparing ~With the anom~lY' pr~duced by a theoretical

model. The formations causing the anomaly were id~ntified on the basis of

information derived from all the data a~ailable fo\ the area, i.e. gravity,
, .

magnetic, limi~ed reflection and refraction seismic data, sorne dredge samples

and extrapolations of the onshore geology. An estimate of the size and shape

of the causative body can be made from sorne of th characteristic features

of the anomaly and used as the input parameters for a. model. The~ethod Of' Bott

and Smithson (1967)is used for the determin tion of the shape characteris-'

e ampl itude .of the .anomalytics of the ~ource; it 1S based on t~e ~atio pf
and the maximum gradient observed, . The maximb,,,,, ._.".

causative body Dmax is giveh by the equation:

\
"\' \

'- .--'

to. the ·top of the

\
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where A = maximum amplitude (1)
max of the anomaly '(mgal)
•

S = maximum slope of
max'the anomaly

(mgal/km)

k = shape flttor
0.856 for '3-D body
0.65 for 2-D body

Smithson

A depth extent was ca]culated'usin~e

(1967) which'uses the Bouguer correction

relation of Bott and

to calculate the gravity

\,-,,"'-' anomal y caused by a horizontal sheet of infin'ite length, density contrast d
v·J V '

and thlckness t by the formula:
Q,

c

Amax' = 2Gdt
= 0.042 dt

r
J)_.-'""-::/

I~ where Amax :: ampl itude of the
"'-. " anomq ly(mga1)

~ d = density contrast

(2 )

t = minimum depth xtent of
the causative~dY (m)

G = 'gravity const~t

'. Th' ~")l scan be transposed to gi ve the thiCk~ requi red

'an'anomaly of known amplitud~ and density contrast:

to produce

A
t = _,max

! 0.042d.

or the density contrast

d - " Ama'x
-. 0.042t

/

if the thickness and a~plitude .are known:

" .

(3)

(4) •

c.....
Once the probable cause' and sh~pe of the body: had been determi~ed a model

•
was constructed and the' theoreti ca'l anom~~y' ~~mpar~d wi th the anoma ly

observed in the fi~ld. comput~ions of :he theoretic;l anomaly were made
,

" ,

t .,#.

"
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(
using the computer program TALl5 made available to the author by Dr.

R.A. Folinsbee of the BIO. This is a modification 'of thé program described

by Talwani et a~ (1959), which computes the a~omaly of a 2-dimensional

polygon. The program then compares the theoretica~ and·observed.anomalies

and performs a'curve fi~ting based on the difference between the two anomalies.

: A RMS error of lesst;han 1.O··mgal difference betl'!een the theoretH:al .ana ob­

served anomalies was' obtained~ Considering the 5.3 mgal RMS error observed

at intersec~ing tracks; this degree of accuracy in the modeis sh~uld be.mot~' .
~.. .

than sufficient. See Appendix A for a listing of the computer program,TAL15.
'" ,," /--...... .'

. ,The .magnetic data and depth ~'magnetic ba~ement estim,ates were

'used to provide additional information or the gravity'models. ·No model. , ,
" . . .

studies are presented for the magnetic da a. since in most areas the track. , '

c spacing was quite large and models of the regions between the tracks could

be misleading, due to interpolations made in contouring the data. The

magnetic datawere used to definetrends in the area, map the location of ... , . ','

boundaries,and to give additional'control.to the information obtainèd from

the gravi ty data.·

4.3 General Descr,iption of the Pote.ntial Fields

Gravtty

A studylîl'---~he gravity data of the Atlantic Provinces was made' ,
./V

in order to define the main characteristi"cs of the field and correlate it

.'

•

with the gross geology and structures of the region. It was felt that more
1

w~uid be learned from the gravity·field about the major structural and li~h-

ological changes present than from the magnetic data. Gravity data refleCt .

the· average of all the surrounding masses and any major chqnge'in the sur-'
.'.., .

rounding geology will be reflected by a substantial change in the gravity
"i.

,(
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field, whereas a th·in'covér of 11igh1y magnetic materia1 frequent'ly, will

mask the magnetic signal from a ~~etic body buried under the c~ver,

c

, '.

, .
41.

.~gr~vity
, .

Most,of Nova Sco~ia and Ne*Brunswick has an ,assoçjated negative

anoila1y, duè to occurrences of Devonian gtâniJ;e and thick deposits

,.

, ,

of Carboniferous and Triassic sediments in the ,area o{ the·.,Ma;';time. Trias~

Basin. Southeast~rn-N.B., and the Northumberland Up,lands' of N.S. have

positive'anoma1ies caused

been 'uP,;jfted and c~d
by p1atforms of pre-Ordovician strata that have

by thin',deposits of 'Carboniferous strata.

Thé gravity field of Mafne h'as been described by'Kane an,d Bromery

(1968), who divided the field into four zones; a region of 10w values in ~

: the north associated with Devonian sediments, where a mlninium of -60 mga1

occurs, a 10vl of ~25 I1)ga1 in the soùthwest catl'Sed by sedimentary rocks,
.'

a zone of steep gradients near the, coast and a zone of high values found at
./

the coas t. The 1atter:continues into, the Gùlf and may ,be assoc.iatèd with
o

occurrences of mafi c ma teri al. A. north-south reg\; ona1 gradi ent i s observed

from northern 11a i ne, where the 1owes t values occur,.. i ncreas,i ng 'to. +40, mga 1
\ , '.

in the centre of 'the Gulf of Ma i ne. Thi s changeln gravity 1eve t, 'has been

exp1ained as the resu1t of deeper basement i~ th.! ;nte,ri~~ of 0à~~e'than is

found in the central po~tion of the Gulf. (
.

Wh en vie\~ed on a large sca1e map the gravity field of Nova: ScoHa,
an~ ,ar?~ to the east (Fig. 14), in the regio'n south of 460N, shows an over-

al /st-\1eS t trend. Thi sis not; ceab1y 'di f,ferent than the genera i northeas t

,~-trend Of, gravi:y in ;he Appa1achian region a10ng the Atlantic coast. Near

,Chedabucto Bay there is a gravity 101'1 (the iDrpheus' anCJI.a1:Y), flank!,!d on·

both si des by regi ons of hi gh gravity . Ki ng and r1acLean '( 1976) have,
, '

su~gested that this is a conti~uation tQ the she1f edge of thi Chedabucto-

Cobequid fault zone and it has been mapped by Poole, (1967) as the 10èus of'. '

.'
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'.

deposition during the Pa1isades Disturbance in the Triassic (Fig: 6).
" 1

The same anoma10us 10w, f1anked on both sides bygravity highs, can be
~ ,

followed across Nova Sc'Otia, where, ,the zone coincides with the Chedilbucto-
, '\ ,, ,

tobequi d fau'1 t zone, through the Bay, o'f Fundy to the Gulf of Ma i ne, where ,

the trend is )ost. This tfend shows a continuation of structure across~the

'study.area and may be re1ated to the boundary'of the Meguma P1atform whfch

makes up most of western Nova Scotia.

Sout~ ~f,this anoja1y trend is a large negative Bouguer anoma1y on

Middle Bank. McGrath et al 0.971) ha,s s\iggested this may be another granite'.', .
infrusio'n, similar to,that found in central Nov'a Scbtia, which causes~the

1"--,

•
large negativt"anoma1y seèn due' west of Middle Bank.',-,

. :.

. -.. ' .
In ,the southwestiJprtion 'of Nova Scotiathe gravity field is seen

, ,

•. ..", "

, ,
.. .
, .

ies 'seen southwest of Cap'e Sable, Novlf' Scotia:
\. ~ . . .~.. . . ~

.~. . ~~\ .'.

, ' .
to change '?trike from the east-we~t trend observed furt~er eas~a north-

ea?t-southwest d,irection 'simi1ar t? ~hat s~en in the Appa1achi,ans. This may

bean, iri'icatio~ of bendin~~'o'f the·~eg.uma 'P1àtfj upon co11isionwith ~he

mar~in of North America, ~s s{Jggested by, Schenk (1971 ),., ". , .
Un1iké the 1an.dportions of the s1;.udy are~which·'Of.ten have a nega-

. ". . : .\ ..
'tivje~ravity 'anoma1y, the Gulf of Mai~e has, for the most Pi(t! a posit,ive

anQmaf. The cen.tra1 port.io~ of t~ë ,~Ulf h,as a, background oJ ~pprOXimate1Y.

2f--mga'12" 't"ôrl(W~èh is superimpos~d a ',~er.ies ~f Po.~itiVe anoma1i~s with '!In',

o~nor~~~rend. The >'IesteJ:n,por,tion of the, Gulf ,has a hlgher back-
"'\.. , )- « •

ground of 30 mga . and the t!enq~~are'more rt~rth-~outh th~n no~theast,
•• • '. 'J .

indic,ating a: change, in ~010g1,.~.a~" str~cturè:--1~~}~e centr~l regions :0 'the:',

wéste.rn pOrti ons ,0 the GUY ~f ·11ai ne. :T.I)è .i/rÎ~~excePtton ta~th~ :positi ve, "

anomali es seen in the ~ern Gulf i s a ',1 arge areit> àf negati ve .BolJguer :anoma1-
o î

. .

'e
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The magnetic field of Nova Scotia (Fig. 8) also shows a different
.r . 1 ~ •

. a~maly pattern for the Meguma Platform than for the remain~er of the study
.;~ ~,

area. ~outhwestern Nova Scotia is characteriied by a negative magnetic

anomal~ of less than ~200 nT that ~s interrupted b~ positive l~near anomal-
'Q

'ies produced by the Halifax and White Rock Formations. These.positive anomal-
. ". ~ ,J

. \ . ies are seen to change s:trike direction from approximately" ~75E in the

e~stern portion of the Meguma Platform. ta an,almost north:"south direction

in·the area near Yarmouth.· The western portion of the Gulf shows a mainly

(?<"
'~

"

'.

negative anomaly whic~ is broken b~,a zone of positive anomalies near Cape

Sable. These may ela:ed, to~~èxt~nsio~s in~o t~e ,area of the ,Halifax (\'

and Whi te Rock F nnati ns fram ,the nearoy shore .. The rema inder of the map
, .. .. ~ , ..

area shows a general ortheast st~ike' co~relating with the gravity: which'
~ .

.reflects the overa.l1 trehd ·shown in the Appal athi ans.
. ' ..~ . ..' ., .

,60th the' gr~vi'ty and magneti c maps emphasi ze the di fference in"the

" potè~ds' ~f',_'the Meguma Plàt;onn from the remainder of the- study area.
&. . J

~ ~

'4.4 - Depth to Magne~ic Basement ~tudy

'Studies of de~th ta magnetic basementwere made on approximately
4 •

1300 km of magneti.c data, in the Gulf of Ma; ne under a 5 tudy con tract of' the
. '

B'lO. The resultyof the a.nalYS'i~ give the deP.t~ ta the fir~t magnetic inter- J

face and~ with {he resolt~ of o~her geophysical me~surem~nts fro~ area,.

may be usè8 to determine'some of the ~tr~ctures' present in the Gulf of Main~..' '., . .
In t~e approaches ta the Bay of Fundy the depth ta magnetic~~ase-

~ent varies fram 0.2 k;. the "a~~r depth, ta ·~.o ,km (Fig. ,16)-. ~he~a1l0W,
depths ûsual1y occur in a~eas of high gravity, large. positive ma·n ic ano-_'

t' t ~-

maly and rough surfaie \op6graphy, indtcating the pre~ence of a,dense magne-.

l'

'. . (

o
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tic rock. The areas of deep magnetic basement are, usually coincident with
, ,

zones mapped as TriasSic sediments (King and 'MacLean (1976)) whi,ch show ver:y

little magnetic anomaiy and a low density. At 440 1Ô'N, 67~40'W,(Fig. 16)'

there is a vàriation in, the depth to magnetic basement from 0.3 or 0.4 km.... .
to 2.8 km. The small values occur over rocks mapped as pre-Pennsylvanian

~

basement and co~relate with a gravity,anomaly of 45 mgal. The depth of'
>

2.8 km occurs over'Triassis strata and has a gravity value of less than 20

(

, -
mgals. 'Using anamplitu9~ of 25 mgals and a thickness of 2550 m in eq. (3)

•
we obtain a positive density eiirit~a;~' Of 0.24' gm/cm1 between the basement

,

and the strata mapped as Triilss,ic. ,In atder: te mode" il iir~vity anomgly in

the range of 40 to 50 mgal it was necessary"'to assume a, body with 11 density'

U2.8 gm/cm3 that extended to su~~ace (see.,se·ctio,n 4.5.l),~' A den~lty ,con- "

, trast of 0.24 gm/cm3 between the materi.al in the basin and the basement ad-,

joining it would suggest a density of 2.56 gm/cm3 for the TriasSic sediments.

This is high for sediments of Triassic age'and s~ggests the presence of a

denser, no~-magnetic rock underlying th~iassic sediments in the basin.
1,/--........

King and MacLean (1976)'have drawn a boundary based in part on a

change in the character of the magnetic field immediately to the east of

·this basin of Triassic sediments (Fig. 15). A similar study 9n a basin

for 'the material i'n the basin which is much closer to that,expected 'for

obtained for a thickness

a density of 2.37 gm/cm3This suggests
•

i~mediately to the west of the boundary'yielded quite different r~sults.
, -' 3

Using eq. (4) a density contrast of 0.4~ gm/cm was

. ,',of 1600 mand an anomaly. of 29 mgal.

i

c,
Triass i c sediments. It ,seems that the magneti c b"undary i s al so the locati on

of a major change in the geology seën in the area" since the depths tomag-
,-

netic basemel).t in the order of 3'.0 km occur only to the northeast of this

"



To the southwest of this boundary'.
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•.
~undary a~d are·associated with a formation of Triassic age that appears

~/ . .
to be untlerlain by an older, denser .roc~

the gravity data are satisfi~d bya basin filled only with Triassic strata.

About 45 km frdm the coast of Nova Scotia, west of 'Yarmouth,

another profile. of inter'est trends norffte~si:. A basin of depth 2.1 to 2.2
.J

km is shown near Cape St. Mary, directly to the north of a gravity high of'
<le

40 mgals co:i'ncident with a depression in the magnetic field (Figs. 15, 16,
. /5fi

8). Tbis combination of features is observ~d over rocks of the Goldenville
•

formation in Nova Scotia and represents a continuation into the area of

rocks of this formation. The depttisof 2.1 and 2.2 km are coincident with

formations mapped as Triassic sediments and correlate with a gravity of 2A

mgals. Using eq~ a~jlin, a density contrast of 0.23 gm/cm3 was calcula-.

ted,.suggesting a density of 2.8-0.23 ~ 2.57 gm/cm3 for the material in the

basin. This also seems' h~9h for rocks of Triassic age; ther; ~ust be ~~~.~.

rock types present in the trough. The density of 2.57 gm/cm 1S .very c ose.,. .

to the value of 2.56 gm/cm3 calculated for the material in the trough at

44010'N 67040'W in the mouth of the Bay of Fundy, and may be an indication

exposures of volcanics in the White Rock, Formation near Yarmouth.

-'that the same stratÀ' are present underneath thé Triassic in both basins.

South oftthe trough observed near Cape St. Mary (Fig. 16) is a

zone of irregular depth to magnetic basement that may be related to the

linear magnetic i~ënds noticed by Bower (1962), which she cbrrelated· ta the.
-- The

~
results show that-themagnetic material occurs at different depths along

the. profi 1e. where the data of 80wer ('-962) iiicH ca te bffsets tha t may be
,

the result of faulting. No information can be obtained frem the magnetics
• . 0 .

about the depth to the ~ottom of the ~rough, since on shore, the 'signal is



" " 49".

associated with outcrops of magnetic material,- rather than with material

which occurs at'the base of the formation. The depths shown are to the

first ~agnetic interface and indicate nothing about the depth extent of the

features: 1.,

)

Southwest of Cape Sable, Nova Scotia sli9htl{ off the map area

of Fig~ l6-(see Fig. 26) is a ~arge zone of negative gravity. Depths to

magnetic basement over this zone show a variation from 0.2 or 0.3 km to 2.3

km (Fig. 13). On one profile ~here is a gradual increase from.0.2 or 0.3km

to 2.3km over a diStance of approximately 40km that is coincident witt! a gr,avity

anomal y of -15 mg~ls. The most obvious explanation for these,anomali~s is

a trough of low density sediments. Dredge hauls (Fig. 13) showed few pebbles
"

of sedimentary origin, but contained a predominance of p~qples of granitic

~terial and meta-sediments. Watts (1974) has suggested that the gravity

low may be caused by an intrusion of granitic material r'elate~,to the massive

granite plutons which occur'in western Nova Scotia.
, ~,

of granite in Nova Scotia are basically non-magnetic. ,. ,

However, the exposures
t ' . ,

and have very little.

ma(gnetic signature, although it is 'quite ccimmon to find an au:eole of magne­

tic'material around the granite; caùsed ~y metamorphism of the country rock

or by differentiation of the magma during cooling. If granite is the cause

,"

,.'

(

-of the gravity low, the magnetic basement could be the aureole of metamor-
~

phosed r.ock that is ommonly found around exposures of granite in Nova Scotia.

Interpreta on of structure based on the depth to magnetic basement would

lead to conclusions due to the uncertain cause of the magnetism fourid

in the ea. ... '

A deep mùgneti c basement i s found south of the Cape Sabl e gra'v;'ty

low over most of Browns Bank (Fig. 13). Values are usually greater'than
•
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" 00'1 km and reach a maximum of 6.5 km near 43 N, 65 20'W,. This area of very

deep basement occurs on'thegravity gradient associated with the granite

intrusion w~ich is believed to cause the Cape Sable gravity 10w. Any, , \ "
difference in density between the material found in the troughand the sur-

rounding rock ,is obscured by the gravity gradient.

At the limit of the, survey arèa, at 420N, 650W, (Fig. 13)a troùgh

with a depth of 11.2 km is shown on the~ntinental margin. The de,~ magne­

tic basement occu~s within 'a zone of negative magnetic anomalies that follow
. ,

~ ".the edge of the shelf at a water depth of 1000 to 2000 m. The magnetic base-. '.-

ment is quite shallow at the top of the continental slope where a depth of
'f ~ .

0.2 Km was calculated and fal1s off rapidly to a depth of 11.2 km approxima te-
f . '
ly 20 km away. No gravity data ~reavailable for the area to help determine

,
1

[' l ' """ '
Other lïnes have been ~nterpreted for depth to'magnetic basement

in the Gulf of Maine,; but at present the control provided by the qther geo-

1

physical methods' i s 'not sufficient to allow evaluation of the results in

terms of structure. ,
• ,

4.5 Interpretation of Structures and Lithology
•

4.5.1 Offs~ore Continuation of Megu~a Series of Western N.S.
~

.
~

c Data A'vailable

At present there are two main sources of data that yie,1d informa­

tion about the offshore structure 'west of Nova Scotia. The first is a seismic

refractfon profile,report~d by Drake et al (1954), which'showed the presence

of. a ~rough. in th'e sub-ba}ement, filled with 10w velochyrocks (Fig. 17) .
. /

The other source'of data for the area is derived from potential fi'eld measure­

ments (Bower(1962).)'Ia~ts and Haw6rth (1974), Parrott (1974»), and sei~mic,

reflection lines from BIO cruise HUDSON 71-014.
, ..
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The sei smic refraction dat'a a~~J 'PP'teri~~,~l Ù~)d '~ta Yiel~~ 'informa., ,. ~ - .
• , • • ~ ~ ~ lt;I . •

tion that is suitable for a regiona1 interprètaÙQn' 'ofrthe 'structural rela-
'-, ' .~.; \,' .~~: ,

tionships,b~t not'for a det~iled interpretatiàn of t~~ geology of the area.. . ~ ,~. . .

'Refraction'data nea~ 'N.S.c~n~,ists'~t~b re~r~d profiles (27 and 31 km
. '. ' .• '\.,.~ .. l' .

long) and on~ urireversed prohle '(Fig~ l7-):,:' ;RèfraétJon 'pr~mes of such
,.-'" • ~. ..... • ~- .' "'r . ~ .' •

length wil), as niention~'d'previously'(P:'8i~~j.esu1t,in,a:lo,ss of detail in
• 't'\" : .. • ..... ,' L ' •

the séi smi c vel ocUi es Qetermi ned .ft'r the near ~rurfal!e rocks ,\but wi li gi ve

a better, dete~minat~on:o;;:he' ciÏ9C~~ti,~~iti~/;~Il~' ~é~oci~~es_ a~ePth., Struc­

tures shown by the int~rPfetation of·th~,,~t~,~iTl pe the average of all
• • • ." • '. . •• , (1 _, •

, structures present. Th~,i~terpretatib-~'mBd~'liy Drake et al' (1954) (Fig. 18)

on the data collècterl in'~h~:GU;t'~~h~~~~e'~i~Plestst~ucture 'that ca~
. ': ~ ': •r",.-,
possibly be, preser1~.:" ,MO:d~Js, wEi.re constructed using de'pths calculated from

. . '''', ' . .,. ','. . ~ . .;
the reVersed -Profil eS. "Tj,e~ë, eepths' ,lAre: a$sumed to occur bel ow /the recei ver'. .'" . . .

locatjons and t,h,e :'s;tr:uetùre 'r~preserited as a plane interface betw,een
, . , , . ,

these caicul ate~~\lt$'hrs :,';' .. ., . ~ }. '. ~ '., .' ... \

Potential fieltt'data in the,area consist ,of surface' gravity and
. . .. .

.. 1 • ~ " • " .. ' •

magnetic an.oma'1j'es ,col'leçted on a grid witt! a l i-ne spacing of 10 to '25 km.'. .'. . . ' ...' ~ .
.' .' . ,',' .

The".<\ata sW.0:U~d anow â roiJ,~h ~ete:mination of the l itho,logy and structur~
..,. . " .

b~~ will npt '''e used to prodùce a detailed interpretation of the geology.
",. . ." '.,"."\ ,~"'J. •.

".' ~.... . ; 4 ,) , ,

.~' : ,'" 'rntèrpretatiein' of the Qata' " '

.'. ", '. . '
! l , 4 • .

~'Bo~h the potential field and the seismic data show a trough 'approxi-
.,.. ··~"i ..• ;,....:'~_:.'. .

uiately ~Çkm west .of;Yarmouth: ,The seismi-c profile, (Fig. 18), ~hows a
~ • _, ~. .' t '. ,,&J- - .' •

,iràugh~ 'appro~imateiy 3'k'm deep and overlOO km wide, filled ..withcrystal:-

... " ,) i'o:e'~-~~'S" ha'~lng il ,~el o~ity of 5.1 ,km/sec." contained in a ho~t r~ck with a

,(
"',',,' ',.' ,:'~eloèity great~'r.. tlia~ 6 km/sec, The' 'gravity field, over the centra,l portion

. "'\ l'
" "',:c' 'i.' ~·9f'~~e"~nJ~9h:~~WS.~imum of 2~mga1s suéh as, would':be ~aused by a trough

of i'ow'den~ity'strata in a more de~e host rock:. "..
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'1 •

• The western edge of the seismic trough i~ coincident with'a boun-
, .

dary (Kane et ,'al '(1972) ;~ King,and MacLean ('1976)), drawn'on the basis of,a

.;'

'~

change in the,,'ITlagneti c characteri sti cs of di fferent parts of the Gul f. The

magnetic profile in the area Ot the trough' exibits low amplitude anomalies

although the' average val~e is sma;ler t~an to' the west. A de~h to ~agnetic,
basement interpretation (K~e et al (1972)) in the vicinity of the trough,

gave a depth of 3 km whi ch i sin good agreement wi th the value 'from the' sei smi c

(
)

, ,

It has been suggested (Kane'et al (1972)) th~t the trough may ~e

to a broad syncline that underlies the western portion of Nova ~cotia.,

Further information,on the structure of the trough is provided by'

a depth to magnetic b?sement study using spme of the magnetic data colleéted

s'Jvey .

lelated

in the 'Gulf of Maine by the BIO.
..

One profile, (profile E-E' of Fig. 20)

, roughly parallel to the coast of Nova Scotia near Yarmouth, çuts' the,seismic,

profile"at an angle of 80 degrees ort the ,east flank of the trough, "Both the,,'

sei smic data and the depth to,m~gnetic basement estimates may be used ta
,

, define the boundaries of the trough since they are almost perpendicular to the,

trend of the trough.
•

Potential field data over the trough show that the 'interpretation

,.

,

is appr~imately
, .,~f the 1rough which

) ..,
(

.• t '

values observWd,over' t'he deepes.t portion

of struçture,from tlTe:seismic data is ovèr-simp;ified and th-e area may con-
l, . ,_

tain thr'ee smaller troughs ràther than a single large one. 'The studyof,:the'.. '. '.
, '

structutt;! has beert'dOne, follow~ng~ubdivisionsmode on, the b'asls of these' ','
:,' "): .. ' :
smaller tfOu9hs (Fig. 17) and i5 tonsidered' in tli~ fonowing sections.

, f\ J ,---- -" • ". 0:",'".J....... ' ....

, /~ ,Zone A, ' :" "

The fj-r'5t area to be con,;;f'de,.èd is a zone of depressed 9~il~ity _ ~,
~

f-
.....-",

l,



'\

55.

"

î

..

.,..'...
~ .. ..

. "

,,'

Lc!]end'

~ Shorclinc .
/ . ~colog~cal boundilry

f' _ -- Magnctic boundary
(Kanc et al 1972) ,

- ...---- 'M~gnctic boundary
(King and Milc~c~n)

•-=:::: Stru~~ure-from refracti.o.n
data' , .
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3:km deep, at' Uli s point and bverlain by 250 m of unconspJ îdated sediment.
, : .. ~ "'~ '. ,. . ~ .. -......... '. . .

" ';If the':m!l~el. produced from the seismic refraction ·data;is overlain on t.he '.
'."~,.... ".. ." /--, .

.: ,bedr~c'~. ~'~ 99y map qf tfi~: ?rea (Fi 9.19) !t i; readily se~", that i!he ,ce!1tre --.--J

,;,~'of th !l' t'rciû'gh is 'coincide'nt ~ith a' zone mapped as Tertiary and' Tr;'assic .
\" . • '.'':.' J..,: .... • '..' ..

,.,:' ,::se~E!ilÜ;,~~ t'he bas,is ~f seismic' refle'c~tion'~ata co1l1ected by BIO .. How-
v

,> ' .'" \\'over. the. 5.1 km/sec \lelocitydeter~i ne~ fol' ~e ro'~ks in, the itrough fr~m' .
, ~ .
the refraction data i.s too high fQr rocks of'TriaSsic age'... . '~ .

f' " r'f ',it. wer~ assumed that Triassic sedi~!l~ts 'wer\ -the main component ",. , ( ,. - ... ... . .:

of the'trough. a depth muçh less than 3 km ~uld.matchthe gravity' a!1oma1y
. '. . +. .

; n thi s area. A trough of dept-h']: 1 km fil 1ed with Tri as~ i c rocks with il. .. '.. .

negative de~sitY/Contr~st of 0.5 gm/cm3 would produce the' depressi?n'of 23:

mgal Dbser~ed'bver ~he deepest p~rtion'~f·thé~,roU9h.
. ~ , .

, If, on the other hand, it'were assum that the sub-basément wére

composed of Golden~il1e'str~tawith.a ~nsityof 2.80 gm/cm3' a, negative
l' . • • • .'

• density contraS! of 0.17 gm/cm3 isrequired to produce the observefIFdepres-
..... . .'.

sion of 23 mgal (using eq. (4.)) .. This cal~ulaied den~ity of·Z.63 j:Jm/cm3 ,;or.·.

the material in the trough ;s high~r ' than that" sugg~sted by th!! s.eis"!ic data .
. '"

The averag,e velocityof 5.,1 km/sec represents strata w!th an approXlmate

density of -2:55 gmi~m3, based on a .reiat·iô.nshiPbêtWe~n seismic velocity and

•

(J

1 '

, ('

density (Grant .nd West (19qs,), p. 200 )./ However, the.refraction data did
.

nO~,;ndicate the presence of the Triassic sediments in the trough and the velo-
•,

city appears to be an average of ~omè other material and the ov~rlying sedi-

ments of Triassic age .
•

. In the vicinity of Zone'A,· th~ trough suggested 'by the potential'

field data has approximately the same dep\h as that determined from the re­

fraction data, but is not nearly so wide, The gravity highs surrounding the

"

7
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~I Z of hi9h mannetic anomalv
t::] associatcd with Ilafifax' and
:.-- White Roü Formations.

~...... Zone of 10\., gravi ty -and ncg-
~ ative magnetics .

/\ Zone of hi9h 9ravi ty and 10\1

..<'\Y\) Illagnetics associated \'I\th
, Goldenvillc Formation

.... , . Apparent trend of troug~)in
" , ,-Zone '/\' ,"* Points of maximum depth on

."profiles '

Je .'I-f f-"'I location of profiles referr!:'d
to in text . .

Geologicill boundaries,
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General characteristi~s of the potentia-f fields 'over-' the
seismic. rcfraction and dcpth to magnetic basement profilen
weGt of Yarmouth,showing c;eology from-Fig. 15
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depre~o:n"imse~er th~ 1riaS?'iC and le~ti:y se~iments, in:icate

the pre~ence~ ~ense rdcks near 'the ~urface ~nd stru~tural relationships

not obser~om the seismic data, The gravlty péaks correspond to ~reas
, .~ . , .

mapped 'as pre-Perinsylvanian basement,'a,nd to rocks of Meguma àge.(King and

MacLean (1976 )), From the po:tential fi~ld',data it would appear that the

central portion ~f the trough iS actually a:syncline in' the, sub.bàsem.ent,

the flanks of which extend to surface ,néill1 exposures, of Trias,sic strata seen, .
. in the area, •

On aerom~gnetic and ship/magnetic maps of the area (GSC map'~ 7291G
•

•

and 7033G) a strong magrtatic~nomaly can be' seen outlining the gene~al 'shape. .
~. , " ...

and structure of the H~lifax Formation, ,which occurs in a south-west plunging

syncline in the Goldenville F~rmat~on at Cape St. Mary (Fig. 7). This'

magnetic anomal y may beéexplained by a sequence of magnetic material occurring

near the b~se of the Halifax Formation.'
" ,

ThE! Halifax Formation is flanked to the south by'an anticline in
'- .

the Goldenville strata where Taytor (1969) reported 5600 m of strata near. . .' .
" . . .

BlaCk Point (Figs. 7 ·and 15). To the north ·the magnetic anomal y associated
, . "/ '

. ' ,0 "
with the Halifax Forma.ti on i s terminate9" upon contact with strata mapped as

l'riassic (King and MacLean (1976)). The anoma'ly qm be traced seaward'riorth-

••
•

,

. .
omena can be observed at.contact~etwe~n zones of Triassic strata ~nd the'. "

east f.rom .capè St. Mary whereit is offset by .continuations of th~ frl:S

that cut the Triassic North Mountain Basalt to form Brier Island and Long
• ..•. 0

Island;YThe magnetic anomaly assoclated with the Halifax Formation can 'then
• • • ~. 6. . . .

. ' . 0 0
be traced along a northw~st strike to 43 40'N, 66 35'W, where it terminates

.. ". • . !rJ _.

upon contact with Trfassic strata. (Fig~ 20)..

The ~èrmination'of' thi~ charact~ris'tïc an6maly coul~ be the result

of masking by overlying 'Triassiè strata. In thelBay of Fundy' the same Phe~-
•

.r
..'

,
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Legend

~(JJ""" Shoreline \

/' Gcologica! boundary " ' '

_---- Bouguer gl"avity anomaly ~"

____ •. Magnctic anolnaly.,
Il 1 .... . .

,--{/--{ Location' of profile refcrrcd
to in text
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• pre-Pennsyl vani an .basement. The characteri s ti e low ampl i.tude·, 1owfrequency .. ~ .' '.". .

"m:gnetic a~O~alY of ~e Tr~a~~ic.~t~ataeff~~tiY~lY~Sk;ihe high ~:Pli~ude,_
..' hl~h frequency anom~ly as~clated Wlt~ older strata •. " A.lso, Wh~re. Tr~as~~ .. ,

• • j"

. sèd~~ents overlie'iriassic volcanics the h~gh fréquéncy signal ass;ciated

" wlth th~tter 'sbon '~is~ppear~: aYid 'ls 'r-ePlâced by t~e~mooth signal charac-"
. . . ~ . '. . ':. .,

'teristic of the" sediments:' . ", ..' <.' , .

. ' ~us t, e~s t of t,~e :~ppare~t tr(lnd of~the trough are' tw~ .g~avity h,i~s " :.?
·coincide.nt ,:"ithmagnetic~ws"at 430 30',N; 660 30',W .(Fig.- '?2) ... The gravity"~

.• a;o~alies"strike .rOUg.hl·y~~·ra11el to the off~h)ore extension of the magnet!c \

~ ano"!aîyl!!ssocia'tedwith the' Hal ifax' Formation near Cape St. Mary. If~

extended. tbsh~;"e,',sou~heast of the mal~tic anoma,ly, the gravity feature is
... -' . --:- '~.' .. .' . .

seen to a11~with the anticline in the Goldenville strata near Black Point .
- "', ,r.
Onshore gravity data does not show a~ anomalously high val~e over

the anticline, .but' gravity readings there are widely separated and give a, .

regional, rather than a detailed picture of the structure. Also the anti-. .
la . . .

cline ocçurs near the contact betwee~ the granitè and Meguma sediments (Gar-
- .

land(1953)),making it impossible to s~paratr the gravity effect of tne anti-,
. . . . ". \

cline from the gr~y gradient observed at the ,contact. ,A co~parison,of

the gravity and magnetic fields along th'e seismit, profile 0-0' shows that a

"

: .
. .

'etPres~ion in the magnetic field is coincident with th~ peako(the

hi~, indicating th~ presence of a' dense, non-magnetic rock SUèp as
"

.. Goldenv,}l1e (Fig. 18).

gravi ty

the

r.....

•A ~omparison of the gravity and magnetic.data with the depth to

magnetic basement (Fig. 23) on the profile f-E ' near Yarmo~th (Fig. 20),
. . '.,.. '" .. .

lends further support to.the .theory Of a trough in the GoldenvilleFormation
. ,."

proliab ly' fi 11 ed wi th. Ha 1i fax' and Whi te Rock strata, Ttie trough' sliown on the

"

depth to magn~t1c basement study occurs

(J-...(--J
along the strike of the magnetic

. -
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anomaly associated with the Halifax Formation approxima~ely la km trom the,

(

"

. ,

termination of·the anomaly on'contact with the Triassic, sediments (Fig. 20).

It seems likely th~t the Halifax Formation continues uhder the younger

Triassie sediments and forms the major constituent of the'material in the
;

trough'. Th~~etic basement calculation of 2.'2 km would be the depth to

·the magneti-c material, observed near the base of the Hal ifax Formation which
" .

produâs the magneti c"anoma ly observed on shore. ~The top of the Go ldenvi 11 e
.

Formation, whrch presumably forms' the trough, would be found sl~ghtly deeper
-,.... "':0 .~

t)lan·the depth shown for the magnetic basement .

:
\

.
"The poten~ial field"data indicate a trough in the Goldenvi11e Forma-

tion fill~d with ~oéks ~f the Halifax and possibly younger formations occur­

ring in Zone-A. This trough is flanked to the eàstby an anticline in the

~Goldenville Formation that is exposed at surface. It appears that the

geolQgy of theciffs,hor-e area immediately adjacent to the coast of Nova

'Scotia i~ basica~ly a continûationof the geology seen onshore......-..... '.
·0"0-

"

-~-~LoneB

On the extre,me' east"of. th,e.profile 0-0', linear magnetiC anomalies ~

. which seem to be coritinuat-ions of those' observe-ll'over the Halifax and White
, ,

Rock Formations near Yarmout~ suggest the presence?! a.depression in th~

~ -
Goldenville basement between the trough of Zone A and the coast of Nova

Scotia. While data gap~ make the interpretatipn of the structures and, cor- ~

relations of the anomalies observed in the offshore areas with the corres-·

(

pondi.ng lithologie unit on ~hore somewhat uncerta~n, it is possible to extend

some of the magnetic features seen over the magnetic White Rock and Halifax'
•
Form~tions into the Gulf. However, not all of the offshore magnetic fea-

J-
" tures can be ~xplai.ned as continuations ofthose seen on shore, sinee they

.1 .



•

~', .

•

the implications of the anomalie-s it \~oulq be necessa,ry to havè bedrock
r '

•

<' appear to be confi ned to the offshore. ·area. In Qrder fully· to undel"s tanet
-. .-.

samples of the' arèa; to ilrovide a firm oasis for the iritel"pretation, Tbe
\

present d0ta a110w an extension of the geologica'l units that are,relalivelycr-
easily recoynized from the geophysical' data, but will not pl:oduce a conipletê'

'interpretation,

,There i s an overa 11 ,change in the stri ke of th~ mag~norna1i es,

"
from a predominately nurtheast to a north-south direction (see BOI~er 1952).

This pattern of changing stl"ike is observed oyet" other magnetic anomalJs' in
, ,

western Nova Scotia

Pl at'fonil duri ng tlle

and is presumably c'\Used by the bending of the r~egurna
. --..;. , ' '...

Acad i an ,orogerT)', when thé 'pl a tfo'rm coll i ded vlith the

(..

• 1

mal"gin of NOI"th Arn'el"ica (5chenk ('1971)); A number o,f .offsets.may be seen in,

the lineal' magnetic anomalies that 11i"e probably caused by faulting, 'At 430

33' N the offsets a-re part1~rlY noticeable and BOI'ler (1,962) reported 'the

anomalies seemàlto be offset àlong a l'~"Unnil~g south of wes~' ~ The offset­

is sini;traT wi~h ~ ho'rizonta,~iSPlacementof 3'.5 km, De;th to magnetic

basement studi,es over the'offset- shovi a sharp increase in depth from 0.5 to
,

0.8 km with the south side sha11Ol~, .The fault offsets the most westerly.'Ôf

the'lin(:!ar magnetic trends bu't lilerely bends 'those to the east, Whel"e the

stronges ~ anama ~y i s 1oca ted. Whc!n traced ta shore thi' a\ioma ly al i gns vii th.' '

(

the' high magnetic anomaly over the syncl ine in Yarmouth harboul", OutCI"OPS of

r,hyon te, brecci a and ma fi c tuff in the area may qccount for the hi ghîllagne-.-
t.ic signal. This syncline seems to be one of the younger structures in the

Yarmouth vicinity. ,The fault offsets the old~r trends,vlhile only bending :

this ano~aly; suggesting' that the faulting may have occurred just priaI' to

or during the emplacement of this formation, dvring the L~te !lilurian

(Taylor(19G7),p. 38). Further south,near 43015'N, the lineai' magrieJ..ic anom-

'~

1
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alies are aga'in disrupted by a feature that may indicate further faulting.r- .
and intrusion of magnetic mhterial. A northea~t trending zone of.high

magnetic values cuts the linear magnetic an·omal.ies-and appeal-s ta offset

,', the trends, although a data gap makes the exact nature of the 'offset uncel-­

taïn. The depth to mtlg'netic basement study shows a steep rise in the base-
•••

;'

ment from 0,8 to 0.4. km, \'Iith the sout!; sid'e sha11 0\'1, at the site of the
, • of

South of this feature, previously continuous
.-

are seen,to cllange drastically from relativ~ly non-magnetic to highly

trends ~re na longe~ present o~ are offset'~~d the magnetic characte~ist\cs
, .'

structure or lithol~gy which is not
•

,
\ . ,"

'''fileS

p,

\~es tern fl,ank of ~tt).e sei smi cdat~ver-the

change in the

...
Potential field

Zone C

zon~s.

0-0' show that there is a
(

evident on the seisn1ic data. Immediate,ly west of the trough in Zcme A a.
, ~

Bouguer gravity anOl?aly of 50 mgals (in a background of·approxin.ately 2,5

mgal)strikes northeast, and continues nqrth ta the area overlâirr by Triassic',

.ç-

c

sediments (Fig. 22). Thïs fea~ure is a portion of the zone of gravity highs

that King and MacLean (1976) '~u~gest may;be an expression of the western

boundary of,the Neguma Platform.' The location,of the gravity high sug'gests,
. ., ..

that i t may !Je' caused by an outcroJl of thé northwestl imb ot the syncl ine irfl. , .'

the GoldeilVi11e st;at'il, ~h :,orms the trough of Zone A. The high values'
;

continue ta dist.ort the gl-avity contours along the Jlrojected position of

the liorthl,jest,limb of the syncline; eve.n where the stru,c.tul-e is' ovel:1aip by

Triassic strata to the north (Fig,.'22.l. The magnetic anomalyon profile 0-0'
, ,

Ù this position (Fig. lB) sh?ws a fa,ir.lY unifol'ln field of-100 nT, 11hich

drops ta -200 nT over the \'/estel-n porti,on of<the profi le. This drop
, "

in the magnetic field is accompanied by a ,deèrease of 2?'mga~ in- the Bouguer
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anO'!1aly to the 'b!ckground val.,lle of.' 25' mgal'.. 'These potential field chararc~'.. , ,:. '.

,'" .,.t~i c's ère 's iniil ~,~ ,to 'th'~se' over outcr,?ps,of Tri assi c. sediments at 43
0

" 4ô.'i'Nll6°40!W, wher~. '!I.f11agnetic 10)" 'of ,-200 nI to -250 nT is fou[1d (Fig. 8)

':iQ conjunction witha gravHy an~maly of 25 mgal (Fig. 16). Magnetic bàs'ement:

': studies of the Drea lFig. 19) show depths of up ta 3 km. the similarity of

the potential 'field 'over the occurrences of known Triassic strata to that. ,., .

1
obser.ved ov~r the western portion of the sei smic profile 0-0' suggests that

the a~~lies may be ca~sed by dep6sits of Tripssic strata covering the
• . i

l '
den~~r basement. However, a coyer of Carboniferous strata has been suggested ..
fGr this area, based on,a correlation ~f the compressive velocity observed

in these strata and on Cashes Ledge with Carboniferous strata in Narragansett,

, ,, ,~

All data indicate a coyer' of sedimentary ràèks', l'ihich, may be of

of the·zone of

~ -- '

~eht~ry c04er over a
'0 043N, 67 W(Fig. 20) gave

Sonobuoy data in the area alsos~ow a

bedrock. One particular measurement, at

C could be underlain'by similar rock.

Bay, Rhode Island.

denser

velocities of 3.29 and 4',g kmjsec in the' southern extension
',-, '

relatively l?w ~ravity values se~n ~vér_the western portion 0; ,~he seismic
, " 1

" 'profile 0-0'.' usin'g the ~ela!ionship, bèt.w~ seismi~ velocity a~d den.sity "

(Grant and West (1965), p. 200)) rock formatiôns with densiti~s of appro~i-
\. . • • • f

m?);elY"2.25'and 2.55~!J1ic~3 a~e indictted. ' :~·~'d~Sity indicated for the

sÈ!tond layer is much too low for GoldenvÙ1.e setlime~. However, it is similar' "

to a~erage 'densities, calcula~ed fr.~m the depth to ma~~ t'ic basement and the .\)';'

gravity data; over ·tr~u~hs observed n~ar Cape St~ ~~~ ,a~~ ~est of.~r~nd' Manan~ ,~~
as well as to the 'density calculated from tbe:seismi[ refraction dàta over

; . .. "'. . . ,
'Zone A. ,The trou~îh 'nea-r Cape 'St. Mary appeal"s to be filled' mainly with nO,ri,' c \~

magn;ti'; rock of the Halifax and White Rock F.ormati~ns. Th'Îs trou~h'~~" ',:
,"'. . . , . .

~ ",r-

(
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" ~qj~.r ctfàJ,g l~ the level.of the gr~vity field a~d may indicate the w~st~rn
-. • • 1 ~ •

boundar of the Meguma Pl~tf~rm in the Gul(of 'Maine. " The granite in.trusion ",.

;
, i

,.

• .' L....
ange in the ,density of the rock~ corresponding to a. '

.',~.

J,,' • '

,",:.I~. , ~
\\l ' •

.......~.

'.

,"
~'" ;..... .~- Fig':. 24 'shows~ th~ mo·del· de'velôped' to 'fit the gravity; da.ta· over .'

, /. : V

the séismic ~rofile D-D 1
• Three distinctdepressions 'are' present rather .. ' . .1': .', .

than the single~rough interpreted fram the seismic'~ata. The boundary west~ ,
, , ,

• .... "Jo-"

l,of Zone C shows a

, \

, .

1..
, .tf

,-

'-

(

, ,
. ,

"
t' .

. ~ • i

• J , , , we~t .. 0 Zone' B cause.'s thè gra vi ty low 1o'ca ted .near Cape Sable and i 5 dea''t "
..,. ... .. .~......

" ;
•

,

r '

(

with i 9'eta11 in seètion 4.5.2.:' . 1'" .

L Tne extension of tné: sim.cl in.a1 ~r"cture in the Halifa~ a~~\'n1.te .' \-.

: Roc Horma ~jon'- a1;. é~pe' St.):la~y '. under ·thft Ir;:5 s; c.. ~ trata i s 5n0j" in. -: .. ' .

.~ "Fig'. -2Ô~outh of. the syncl'ine is a depressi9n filled with .unditfë~eTlt~ated\ "
','\ ".. .." '. ' " ~')
~ magnetic~fQrm~tions that can'be traced back ta shore) where they coincide. .'

.,witt1 rocks of' the' GoldeJlvi'l'e";ari~White:,Roèk'. ' ihe gr~ni,te intk,"usi..on is the' \,

of
.'

" "

'--: .
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(l954)). Densities shown in gm/cm3.. L~tters 'show locations of zones
referred ta. in text. ...

..



..
'. 69~

, .
PROfILE SW Of N.S. ] NCL U0ESC A~..f;. 5ABLE PRO F J LE

0
0 ·0-- ~.-)1

~ .
a:

0 u .
• 0 ....

-J
0

.J...
l'l le

1

o
o·o
C'1

·o--
- 0.00

43"S5 1 N
'66 ·45·W

~

-3D. OU -l'O. 00 '10.00 \JO. DO 50.00

r'---..,

. .
130.00

K] lOHETEA5
-SO.Oo -30.00 -10.00 10.00 30.00

, , • • , , 1
50.00

! .
10.00

!
sp.OO .t."O.OO 'pO.OO"

,J

2.65
granit~

1.

..

2.77
Undefined

.~

2 • 7 ffalifax

/

2.8
Goldenville

TrlaSS1C

2'·3

o
(;)­1

L------------------'--------:-------....:>.''''''v-----'----

(
Fig.25 . Gravity model

i n ~m/cui3.

over profile E-E ' of Fig.20,showing densities

. (
l ,

-"4 .. '



70.

. (
same body shown in Fig. 24 and is related to the gra,vity. 101'1 at Cape Sable.

4.5.2 Cape ?ab1e Gravity Low and Browns Bank

Cape Sable Gravity Low

Dur,ing the 1971 BIO cruise to the Gulf of Maine (cruise HUDSON
•

71~014) a large region of negattve gravity l'las observed southwest of Cape

SAble, H.S. (Fig. 26). The gravïty values attain a minimum approximately

,20 km from Cape Sabl,e. A clilw-shaped ,area, ,enclosed by the zero mgal'con-

_ tour, extends approximately 80 km southwest of Cape Sable and réache~ a

maximum width of 70 Km. The 101'1 extends from shQre across the inner shelf

bordering N..S. across the central ,shelf and tq Browns Bank on the outer shelf.

, Outside the zero contour a: j30sitive gravity gradie..nt of 1 to 2 ~a'l/km even-

(

" . ,tually restores the background value of 30 mgav found in, the western portion

of the Gulf. This gradient resembles that observed.on shore between contacts
"'"of Devonian granite and the metamorphosed sediments of the Meguma Group. The

'/1.

negativE;! gravity valuescanInNova Scotia it has been shown that

. ,

area north of the gravity 101'1 is characterized by a gravity high interpreted

as exposures of the ~eguma rocks (section 4.5.1, p. 50). To the 'south the

101'1 extends to the northwes't portion of Browns Bank, where its boundary marks

the' limit of the gravity 101'1 that dominates the gravity 'field of No~a Scotia.

In the centre of the claw, an area tharacterized by a hi9h.Bouguer anomal y

(20 m'gal) located apprpximately at 430 N 660Wand ,a str~ng~ttc signal. ,

terminates the magnetic and gravity signal.s characteristic of the area of the

gravity 101'1.

r-

be caused by two sources, the Devonian granite observed over most of the, .

, 'western portion of thec-Q,rovince ard deposits of ~rboniferous and Triassic .

'sedim~nts around ~. Bay of 'Fundy ,ÇGarland (1953))\ In each'case th~ magnetic

fi el d observed over these formati ons i s rel aÙvely upi fo~; with long wave-
' ..

"
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'.

•ri length anomal ie~. ,0utcr~Oof grani ~e and "Tr'ias'sicrs{~ents prod~ nega-
· .,,'. . ~ ..
tive magnetic fields, while positiv~ anomalies'are associated with Carbon~. .
f/!;CJus str~t~( .Il,' " ..

. .' . The ~a~~i~";i'eld ove; t~e' C'p.e sable' ~.ravit~ low is rat'her. irre- ...

. gula~ and does not correlate with the th~ness of sedimentary strata neQë6~ .
'. <> ., ........ ., ••

sary to produce sùc.!J a. large gr~lVity anoma,i y, As'SuÎning a densHy contrast ...;

(. , of 0.4 gm/cm3 betw~en the CarboriHèrous' sediment and the underlying host ;ock' -. ,. . . '. ".t a thicknes~ of. 2975 m,of ~~d~~~nt woulq be requi'fèd. to ',prodùc'e th~ observed "

anomaly of 10 mgat between' t'he'ba~kground ~f ;3o~mgal and the .I]lini~um nf ':.20~'\),
. 0 ,.'

m~l (s!!en bY the origiqal processed' data)' for the areaso~thwest'of Cape,

s~îe: This a~oimt of Cllrbonif'er9us ~edjm/~t'woiNl'proèluc~ a comparatively

~ uniform"magnetic field:, ra(':er" tha,n th~" irr'egu~ar <'~.lP ;that is @b.serv;~.befDre
(Bower (1962)) ind~~tin~'tpat anoth~r formation is'present an~ tàùSes the

. . gravity 10w, ' .
. c:: "

.
· pebb1e count, It is un.1i~e,ly that suth a high content of granitic pebb1es. .; ~ . . - ..,

wou1d be pres~nt'~o far from the only source of granite, sUgg~sttng that there. ...., "..' ~ . . .
àre'o~tcrops, of grapite nearer the samp1ed sites .than those exposed; on' land.

• 1 ". (' • ro • 0

.'" ~. ~.', .' ..' '. .
. Wat~s (l,1l74) su~~te~ ari' outward. sloping 'gra~i1e ,intrlIsiôn: with. a
", . . • . . • .' ' • 'li, ,

depth extent of 8 to 9 km as ~he source ·o~ the gravity low. He tested his
""

!

From dredge hau1s made near thisgravit~ow (King and Mactean '(1976).
.' -

and see Fig. '13) predominant:ty of 9ranite and diori~iéi vo1~an\c and meta-'
, .

morphosed 'sediments were obtained: However, no occurrences of"Carboni.fel"ous;
" ..... ,> .. -.....;,

- .J:> •• - •

sediment.were menti6ned: The granitic'pebb1es ~ou1d;be from. two'source~,'eithér
~. é>., Il.' ~

/. ,

... :;:1~:~::.:.';:::::,"::.:,::,::: ::::::::t i :h::: ::.:"::,:::t;~::~~: .
'or from ,6utcrops of granite on the seaf1oQr. The'se dredge'··samj:l1es were tèlken q

, . ~pp'roximate1Y 45 i1n~ .7§ km 'fr~m the ~:èares~ known eXP9su.;es ot-~r~lÏh' in' the

•. '.' ·~rei(Hg. 13). Granit~ pebb1es made up 38 ~and 26% respec't'i ~e1Y ,of ttà- total. . .~

'.
' ..

(

• . "

"
."



hypothesis ~I~th cé~puter studies to simulate thtgr~y' field by a mogel
3 ", ~ " ,

wlth a density; contl'ast of 0.1'5 'gm/cm , whi,ch shO\~ed the intel'pretation was

Cl
1\.

" \.
73.

1.

.
· 'compatible wit,h the observed data. His model sho~led the granite exposel at

" • . ~ . p
• surfilce, although he a<;,knowledged the fact that the granite could be ·buried

'at a depth as large as 1".5 km.

.'

ext~ndi.ng from n~ar Xarmouth to approximately 430 15' N whe.re the trends are
" .. . \.

distorted to an east-west dir~~ion for 5 km. These trends are rep;aced ,by '\

." ,,~a series of short wavelen9th an~es ~;ith amplitudes of 200(lT that have

o' no apparent tr,end. The transition from l inear 'trends to almost random .

, '.

,.

; .

.. •
~O\~er ,(1962) noticedlirie'ar magnetic anomalies trendiog north-south~•

'.

.' ~

•
, '

.'
,') ..

,

,
'. .

.-:'
. " ,

/,L--._..

'. C.
~~~~.........,-(;:;,~'-'-,.,..-"...i.:""._":-_;";,,,:,,,---.;"~ .....r:..""~ ..._~

:

;

'..,
"

anoinùliesoccur.sat the g;'~vity gradient of the 'Cape Sable low, suggesting,

" .. '

.'"

•
Amodel'.ll'a~ ,beeri cons'tructed for t~ .gravi,ty. lO~I, c'onsiS'ting of'a

" " . ,
• : 1. . -. 1IiL .

,". " graiiitÏ'c tijntrusion botInded oilthe n~rtli bya b:loci: f: Meguma nlat~rial and 00
• of"· ~ .., . .' . - , .

.• ,: ~tl;e .soutb 'bY' a ~lock'of undi'ffer~ntia.ted materia] ,.(Fic' 25). Th~ strata
) ,~ .

...

, .
,that changes in theg\'avity. fie.ld and ~ magnetic~signature' may b.e caus~d .

either directly or indirectly,by the intrusipn of granite" .

. . " The mùgneti c bas~~len'~ .o~~u~s .. at de~at var~ from. 'a 2' to 2.4-
- -"llI .km, suggestïn.g tllat if. the lowgra'vity i5 caused by a granite in~rusio(l, it

. ~s o,verlal'n in places 'by a more magn~iC rock to. providr;. the ~agneticanomù-,:

'. lies seen over the. area.: Ar~u'nd'\n~ g~al).ite i ntr,usirf .N\~va"Scotia (~d?fath

. t!97].l) and other. regio-ns around theGulf'9f'~I1line (kane et al (1972))àn aUl"e'ol.~ "-
..~. . - ~ . ;- :'.'. .

il! mà,gn~ti'c anomal ie~' i 5 cOI~6nly observ~d'caused 'ei the-r byme'tamorphisnl\of:..' . .'. . . . ~' . . '. " " . :. '. .".. ;'

the.. host roc~at thE:! contact \~ith the. grilnitc or by. differentiùt.ion Qf" the" .... ;
. 'L '~-". ", "t.. , .",.

ma'gma ... A magnetic aureole ·may be present.over parts .of,the gr·anitel;i·t~usi~n,:·.'
• " . ' 4' • _.' •

, , " • , • , ".. ." '1 ""

, .:' and produce the magnetic field seen over the grùvity'.1-ow.
" ,

" .

0.

, ...
•

.

•

'":'

.'

.,

'of .,';

.... If ~. •
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,
covering the intrusion cannot be i~entified with the present data.

,Browns Bank

Browns Bank forms' the S$J4thern 1imit of the survey area. lt i s a

, "
" ,

..
. ".";

" ,

" "

'~

0'

"

,."

,

\

'~.

'"

, .
of irregular bathymetry ,may' mar.k the loca:tion of a differ- .'

,"~. "0

oh the Bank.:A series.of high amp.1itude, short

,

This area

, ,

-1

ent rock, type than that found
~ , .

very irr€~lar bathymetry,
, . .

'"sub-1>as~s.
'. . \:--.

f '
to the south of the scarp is f1at-top~ed whi1e the basin to the, north has

'. ~ - "". . .

coiilposed mairr1y of a series of east-west trending
" '

wave1 ength magneti c anoma 1i es i s foundWithin the ,boundaries of thi s· bas in.
. ~'. . '" " .. ~

Thede anomal ;!'!s. with amp1 ituees' of a1inost- 2000 nT,. /are, found on a11 the prQ-
o • 1 •

portion of \he outer rElgion of t<~e Scotianehelf that'para11e1\the she1f
- . ' . ..;. . / .,

edge, bounded, by the, ~ont.i;nen~a1, s~0;Jôn the south 1lfld NortheastChanne1;

on ,the wes t,. • " """-

The gravity~ o~ the ~orthern portion of Brbwns'Bank'(fig. 26)
.: ". : ., . ~. . .'. \ '.

is ,dominated by the gravity gradient associateCl ':Iith. the Cape Sable gravf'ty
, , .

- • .. • 0

10w, which exteÎlds to' the northwe-s,t.-portjon of tt1..e Bank,' suggest·ing the ex·
, .

tension into'this.ar~aof ~granite described i~,the previous section.
~. ·f • • .".. .• ' .' •

The gradient observed in the are'a of.Browns Bank' i.s 1.7 mgallkm which ,is
, .

similar to the gradients at contacts of t,he granitè and r,ock's Qf the ~'eguma

serieS observed in Nova Scotiij. 'This gradient makes' it.diffic,ü1t 'to.'separate..' .. . ~ .'
4 ~ .'

the gravity s ign~L associated with, the, rocks t~atformthè',Bank. ,Interpreta~'

" tion' of the structures present on the Bank wou1!! .be highly s'p!,!cu1ative .
•

At 420S0'N. 6SoWthe Bank' is' terminated 'by.a steep east-west trend-

ing sJar~ thilt 'èan be fo11oweél for 70 k~. The; 1inea~ity of /h~s sc.arp· suggests

that there may be structural control of the bedrock' topography:The Bank --".,,0--....

. ,

/,

, J

~ ~

~ ,

c:
",-.-J

)

'-

,~ ,

(

-J
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files over the basin', but coverage is not sufficient to allow determination

of their strike (Figw 13). One of theseis triple-p~aked and rises from
,

-200 to 1700 nT in less than 5 km, suggesting t~e occurrence of dyke-like

bodies of highly màgnetic material ,quit.e near the surface. High m8~l',letic .

been eroded out of this formation.

anomalies occur over the entire trough and ~ndicate that the basin may have
')

.
A gravity anamaly of 20 mgal over the eastern portion of the basin

appears ta have been produced by the same formation as t~e'basin magnetic
0. .

anoma lies. However, i t does not he1pin defi ni ng the l imi ts of the

tian, due ta t~e gradients associat~d with thé gravitY, low' coincident wit

'. the western portion ~~ the basÂn. The latter masks any positive gravity

anomaly' ~ssociated with the magnetic material that occ~rs ther:e. The geo-
( , ,

p~ysical da~a. indicate that th~,basinis for.med in a ~ense, hi9bly )agnetic

material.. Simnar-an~ma.Jies are fôundover tne White ·Rock.formation near. . .

Yarmouth (section 2.3, p. 20) where high magneti~ anomalies occur over
.....

,

linear outcrops of ,Volcanic mater.ial .. Theânomalles seeri in .the basin may

.'

The Ban k .i tsetf appears ta. be formed from a 1esS

, ·of

repre~'~nt an extens i on of thi s forma ti on i nta the area.

,dens& strat~. 'A posit~ve Bquguer anomaly iricreas~s ~n ampl tude frcim t~e
'-

• :li ••• ~ ',:: J 4 ~

~ north to the south Of. the BaQk.: Howeyer,'gradients associat d'with the,Cap
~ ~...' ~

~a~'e.gravity l?w a~d~he continental ma~gin dominat~ the field a~d bs'\'

l

. ..
most of the anomaly ptoduced by cha~ges in-the structure and:litholagy àf

•th~ ·B·ank. '",.
4.5~3 ' Bay of Fundy'and Approa'ches.. .

Bay of Fundy-Data and Structures 'Present

'Geophysical data avai.1able :for the Bay of Fundy cànsist of gravity,

'or
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:
'1 '

maglletic and reflection seïsmic profiles which wt;!re collected py the BIO,

, a closely spaced aeromagne~ic survey (GS~ Map -fi 703GG an,cr fI 7032G), ùl'ild

seismic l~e'fle.ctfon data' co"l~cted in the appra~ches and· in the Bay (S\;'i~t

and Lyall (19GB il and b), Tù~jg, and' Uchupi (1966)). '~revious investigations

of th~ litrro<Ogy'andftr~ctureof tlle Bay of. f.undy have been summarizedby.. '

'. Ki~g anq, MacLeç;r1 {l976} ',·who used seism~c reflection and ather data ta. .

•

, \
'l

,).. ,
!
1

"

prad,uc.e an int'erpretation of the lUbç]ogy an~.structure of the rock types

, 1

., ....~
.",

.
•

the

, represent a .

Th i s i nterp,retati on WilS

Studies

The ridge fs the ç6ntin t'ion o,f the ,Cobc-
, ~

the centre of the Day '(Fj'~: 1).. . .

quid-Chedabucto fau1t' through ~he Bay of Fundy and

. .
found in the top kildmetre ,of the fToor of the Ba .

~uite complete and' cannat be e~lar~ed ~P6n~~ith the

of the gravïty' field have been made in Ol,:'der'

" .
bre-a k in s trueture . 'f ' ••

, .~ br i er' des cr trt i~n ~:' .~he ééonci uSi ons 0 f Ki ng a,nd ' M"cLe~5 !
are-_presented ta rall1i1iar.i;e the reader \'Iith some.ôf tlie ,geological r'elatiG -

shi~s of the area, . (',,:, ", .~. , .", .
~ , ..... ..,

. ~ _,:the'A~ild-~r Triassl'c B,a5in, ~f: the,I3~~ of FU'ndY.is,'the loéation

'mo?t of the ôccurrences of Triàssic straf~ that occur in Nova 'Scatia. Th
~ .... . .". - ...", ...

locus of the Triassic sedime'hts coincides roughly with a zone of low grade
, ..

.. , t ., . ..
metarnorphi.c Carboniferous. sÙ~ta' and post-Carbbnif:.erous f:aults. The sauthern.. , . .

:strùctures a't depthin"thê Bay and ta s~e .if the data wo ld allaw the det'e"ct~n
",- .....~ '.. ~ .

of ~ny diff~rence in:·tI1e·~tructure~on opposit~ sides ot ,ridge fau'nd near
, ,.

~ ~.,

L, .

extentof Triassic rocks 'on .land i5 a 15 t~ 20 :km wide stri-p that f rms North,

Marti-ns t -"

.'

J ' .... ...

.. '" '.v
",.

.
4 ~ _ • • • •

,Mountain and unde,rlies the .Annapolis Valley, resting .unconformably on rocks..
Il' , • f

o'f Paleozoi~,-a.ge. To fhe 'north the contact of the Triassic'\·Jith the. .
rocks i5 .mainly 'offshore from tbe coast of,Nèw Brunswick, with loc,al.. ". , . .

of fau·lt 'boùndr;:d "tr;assic~ strat,a seen in ,N.I3" at Point Lap,reaut' .St.. ~... '

(J......~:, .
.,
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"

. . ...........

WaterSiide ând Grand Ma;an. Th~, domi,nant,~'truAu~e' 'Of ~he' !!rea is ; syncl ine

d~finecj by the '~curved ~u.esta' of'Ca~,e ,Sp~it, Whej 'the North Mountain Ba~
, , ,

salt dips 5 to 15 degrees: towards the sY'1clinal,axis., The southern portion

of the Bay is covered by Late Triassit,sediments bf"the,Scots Bay Formation,

Triassic vol~anics occu~ ,from near Cape Chegnecto past Is1'e ,~~ute and Quaco
, , , ' "/ " ,.

Ledge. No~th of this ridge the Triassic sediments have'nolU-been definite1y
, ,', "/ " ,

identif,ied, but ma$' 'be composed of the Blomidon Formation. (Fig. 1).. / . . ., . ,

'A zone of discontinuous faults, parallè1 ta the structural axis of ' ..

~7 .'

"

,
, "

"

t,

.. .. 1

"

the Triassic'basin, separate 'the Triassic sediments fram Carboniferous.strata
, ' ,,: ' . '.

in ;the northwest portion ofthè Bay. The zone issimi1arto the 'Fundian'

Fault' suggested bYJohns~n (1925):, but 'gener~lly li~s f~rther".Qffshore than ,
f ..;" • • •, , ,

.~
its earl ier post\llated position. "

The Fundy Tri as~'i c se~rm;;nts extend, f~om. the B ,of, Fundy i nto 'the

northe~st Gulf of Maine, where they are fourid,in:three-narrow tr~ughS in..' . .

" ,

"
t~er basement r~cks. " "

"'; , King and MacLean (1976) have introduced'the term "Gloosc,ap Fault'

whic~ includes the Cobè~ui~-Chedabucto ~yst~m and its poss)ble extènsion

'along the O~Pheus Basin, as weil ,~s a' f~ùlt that fo1lowed Tr,iassic vo1canics

fr~m Ca~e Chegnecto,~ast Isle Haut~ 'and QuacQ,!edge and ,into the G.ulf of..... . .

Ma,i ne. , '

•
Grill/ity

The gravity field of'the Bay of yundy is similar to that observed
- ; ~ ,

,'C,

east of Chedabucto Bay where tne Orphe ,anom J"a zone 'of negative gra~ity.
" ;/ ' ,

{ , .
is ,flan\€d on both, sides bypositi·ve 'Valùes (Fg. 14). The same pattern is

seen in the Bay , ai ~hOU9h i t i s 'n~~~s i ' , t~,~:,to.bse.~v:d ~eai' tlle

Orpheus anomaly and may represent a similar structure 'to that s~en :on·th~

Scotian Shelf.

•

.. '

"

"



\
•• ' 1

l
i
l'

; 1
• 1

" .\
i
1

1
i
!

i
.' 1

r
!

"-J
co'

, .
, ....

r •

~.
/

~
/"

/.".

1:'\ ~
. , .f'

~.."' "

1

Legend - f'-- ' .
C~ntou~ interval • 5 mgal

-,-- - Bouguer grav1ty onto~r
I! C'· j
,f-r~ l~ca t i on of gra.vity',r:';Qde1

er Shoreline . \"
. 1

~ionshowing

• <>

",

20km

New Brunswick

., .

67W

Bouguer

•

,

Fjg.27
. '.

,"

. ""\ "



, '. -'---.---'----;---.. ---. , f

•
79,.

. "
with it is lost in the lower field,of'the sediments. Near Bridgetown, the.

Triassic s~diments are s€en to ~verlie an outcrop of Devonian granite~ The

low' gravity field assà~i~ted 'with the' gran'ite extends into the Bay. Tlie' 'f,
: '..' . '. . '. ' ,

., " . - . .
, ,gravity hlgh assoc~àted with r.ocks of the Meguma Group surrounds the low.

. . . .. .

Meas,urements of the gravity field show that the formations on the

. south 'shor€ of the B~y of Fùndy ext'end under 'the'Bay, where' they are overlain

by Triassic~rocks simil~r to those on shore. A zone of high gravity values
'C

r.uos parallêi to North Mountain, coincident with rocks of the Meguma Group
,~

..

..

, .
, .

Th~s gravi'ty high extends. into the Bay where the fi.el~, asso'ciated
, ., Vig,' 27).

"

'.

"

.' ",..f /
/ (
J-.'-,

J(

, '

. ,

".. "

, .

...'

as~ociated with' ~hegranite and separates, it fro~ the low.caused by the

Triassiè sediments. Presumàbly the.'granite .and Meguma stratà extend into·
-.

.'
"

...

, .

.' ..
'.

..

terminate, .

surface

, .

site of a major breaK·in the

of the Bay from Saint John to Chegn'ectô Bay. ' These hi

at the coast, indicating th t the basement strata are

...

.,~~'t to the theory th'~t :the ' faul t ~i s •~he

:tectonic styles of" the area ..

the Bay in the same

The zone 'of high grav'ty'found on the north ?hor~ of the Bay is •

coi ncident with occurrences 0 Precambri an strata that tend al o~g most..

, ..
as observed on xhe south sho This agrees with ,the th Ory that the Bay is

, 'the' sit~ of afaulted h.alf gra e~, w\th the '\a~lt's occurrin'g near the New
. • ,: '.' ':. . . .'. ". l •. ." .

, ~.r.un~_wi ck .s,~or'e .• ' . "
'.. . ' . . .

'~ .\", '. ··two z~ne~,Qf 9,rav'ity 'val'ues mu ch lower than those fqund eISewhere .'
,";"- . '. ... r_, ~. . .~. ". . :'." .coI

..... :1.i,n•. jJle 'Bay àre .locat~d'near the coas.t of New Brunswick;..;ilt ..Pt .. Lapreau a~d. . . . ,,:. .. ' .

'Martin's Head. These·'llr.e north of the Glooscap fault in·th~ Bay,gi~ing. -

'.
, ,

c
"

•

j ~••

1. :(. >,.,
t

.l .
\' ,

. \'~
1.

t,
"1·

. , .(

" strata.
(

•

Mog;l studies. were made ovér tqese ,lOWSt~ in~~rp~etation
... '

based on.~ sedimentary basin, of low density Triassic and Carboniferous

~ .'
.
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Profile B~B 1 Port George ta Martins Head
•

',' ..

The gravity anoma ly for thi s profil e shows a ,genera l deèreàse·<.ft'om

the high observed o'ver the Mèguma rocks of N'!va Scotia ta ,the- low 'near. the
•

New Brunswick coast (Fig,'. ,2à) .. A break in the trerid occurs at thé·T.riassic, ",
, .

. .. '

y l eanï cs found, in the centrè, of the Bny. This could be causèd either by a •

..
.'

..
•

.h,

.
ise in the basement under. the Triassic strata, or by a large accumulation

, , .. " , . , .
of volcanicmat.:ria,l linder the ridge: . The latter.seems lèss likely since

the exposuresOf 1riassi~ vblcanics in the 'area ~re of uniform ·thick~ess~.
., ' • ..' t'

The model',of the structure (Fig. 28) ,shows a sync,linEl Of Tr;iassiè se,diments ~

and ,vo,lcan~ i~"theolder rocks which extend under ,the Bày'and a trough "

of Car.bonife'j:ous ~nd Triassic sediment near New Bruns~lick. The', surface
, '

str~ct'ures, such'a~ t~~e location.of the, sy'nc.1.inal axis 'and~he pos~tion of·'

faults 'and 'Poundari~~, are ilS shown by King,'and MacLean (1976). structures

at, depth'were determined from projections
( " ' , . ~, "

of features on 'shore.

of the.observed dip and thickness

, '

A study' of' the magnetfc data for the qrea (Fig. ,8) ~hows a change
, ~. .

in the field on oPPosi,te sides of the Triassic volcanics.
, ,

, ,

The'magnetic f.ield.: ,

around'PortGeorge increases, to'wilrds, the volcanks (Fig. 28): At tl;e:volc~nics
.~ . . . :

'tlie ~nomaly is'char~êteristic of à dyke or a'fa1Jilt~whil'e further rtOrth ~h~"·~
• • - ,., - .' '. .' 1 •

magnet,ic, values are higher than the 'general area background. The higher
4 • .. •

~,anomaly found near Ma~tins Head is similar to thàt over' exposures of Carboni-
. ..' . .. . . . .

'.
.. ' .

.... ..
, . '.

''-\'" " 'y' •••• '
" ,.., , .

, ",'

".

; .
':' ,"

, (' ,
".

" .
,

'.
, ' .

"

.' ,

:""

. ". '. ",""

........ ' ",.
~~ ":,

';:', ~, ferou,,~~~Y~ta in the Minas Basin. :rhe low gravity and higher mag~etic ariomaly

,. ~.t~~,aje;,~~gge~~s,a zone of Carboniferou~ ~trata ov~rlain'bY a, covèrof

• ·'Triass)c~sèdïni~nt. The long Wilv~1~119th magnetic' anomalyassociate'd Wit\l the
.. •• " •• • l '. • • . -. . •

• ;'" mater;i al: fn' th'q s, bas,i n i s termi nated' up'on 'contaèt wi th outcrops of Precambri an' ,
. "••.• : 0; . • .,':., .; .' .•.. .... ' .~ ..• '. '. " '.

, , str:ata :a lohg the coast' of New Bruns\~i ck. ' ,South 'of the volcanics, Hic anoma ly .
. . ...~.~ .... . . ',' .' . '. '.. . .: .";' " .. :." ". '" .. ', ., . ~

~. .. .~' ,.. ". "

.'.

, C~
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'. '
, .

is du~ ta Triassic sedimen~s in the Acàdian Triassic 'Ba~in, indicat;ng that,

""

, "
• v

. ... "

, ,
The structures detêrmined for.the p\~:~le were Qa~ed on the densi-

there is no deviat;oÎ1 from thi s,structure.... .'

"

ties shown jn Fig. '28,'anda;e"correct within a ~odelling error;' of. 1 mg~l
~ ',. . . .

RM5 betwe~n ,tn~ obs~ and theo-reti ca\ an~ma1i es.' More preci..s~ 'knowledge'
; . . .' . '. ~ -, ~ .

of the actual densities involved·will allow a morè accurateestimate of the •

".thickness of the dl;fferents:trata in th'e area:

··.. Prof(le C-C': ,Digby tà Point Laprea"u
" .

.' .

.
'"

. \

1(F.3g. 27)~

.. ,

,." ,"' .
Thi s àre~ al sa shows a gratli ent in the graVity from south to north

"
A gravity anomal~ of'approximatèlY 15 mgals is'observed over

anomaly of ~e~an"2~ mgals iswhere antoward the north side of

obsehed'east of Grand M• an.

~xposures of Meguma materia near Digby; this decreases fairly uniformly
. . .

Themagnetic field (Fig.8) across this area shows the same'general

in the level

volcanics.in the centre of the Bay .
•

characteristics as the rest of the 8ay of Fundy. Therè is 'a, general, increase'
. . '

of the field from south" to north up to the. posït.jon of tne....
North of the volcanics we find,a series

of anomalies of higher frequency than in other portions of the Bay. King
,

as a basin ffllE;d with undiffel'entiated Carboniferous and Triassic sediment.

and structure available in the area of,the gravity low, it has been modelled
"

. ~ .

This low marks the,end of the'lpwer gravit~ fieldfound;n thè Bay of,Fundy
.

Triassic s~diments have

The gravity low east~~T Grand Manan 1s basically co~fined to the
. . ."

v~

north of the volcanics. Due to a lack of information on the lithology

•
and, presUiliab ly, the" deeper basement found there.

area

,
and MacLean (1976) have mapped the area coincident'with the gravity'low and

these high frequency magnetic al'lomalies as 'structurally disturbed', on the
\, ,.

basis of seismic reflection data that show numerous faults and folded beds.'
1
1
1,
[,,,,
i
1

f··· (
J" ...
k:
y ,~
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been traced fnto the Gulf of Maine, although the gravity field there is

approximately'20mgal~h~gher than thaf in t~e Bay, due ta a sh~ll~wer

basement in the Gulf.

The gravity lm'/ seen east.of Grand Manan represent.s the

the basement outcro"ps south

for the càtlsative formation•

, greatest depth ta basement in the Bay of Fupdy.
,

anamaly of 43 mgal observed aver an outcrop

sou~h ofG'l:'and Manan,\ it is',clear hm'/large
,

t6 basement· in the Bay and the

6f ~raqd Manan, a depth of 0.2 kmis indi

Hhen cOI!lpared to t~e gravity

nsylvanian basement

between the depth

a depth of .4.2.km is indicated for

the material south of ~rand Manan

therc:' Anomalies of this magnitude'are usually caused by outcrops of mafie
.. 3 >

of.2.8 gm/cm·. Using e~.~ (3~ a~drock with'densities in the neighbourhood

,a. den~ t~1 contras,t of 0.'4 grn/cm~ between

and t~n the area· of the gravity 10\~,

"

.
the'basement under the low near Pt. lapreau ..

/j

A steep gradient is obs'erved ta t.he north.of the gravity lm'/, sug- .

gesting that the lm'I density strata ma; be" in fau~ ·contàct.\'Jith· the ear1y

Pâleozoic strata found\ "the' coast of Ne" BrOnS'<Iick.,.

Mouth of the Bay ~ Fundy

. Near Grand Manan the

into thrée basfns by éu~crops

. . ," -/
Triassic strata of the Bay of Fundy are .spl it ','

of p~e-Penn:Y1Van;an atoustic basemE!nt' (Fi~.:'·, \ :.
. . .

, .Thi S cOlllb 1na ti on 'Q f

~nd magnetic characteristics and the differenc~ ~n. ,.

o

• \ ~ _..i1 "

The basement outcropsare ,ln the forrll of shallow banks \'iithirregular .15) •

.su~face topograph and general1y .hav~,~ series nf high'fr~quenc~ magn~t;t
, .

. ,

obser.ved over 'the outcr~~.s of bas.emellt ~tr~ta .make de-'4
.~ ~

.tection of the'o1der strata fairly certain.

.....

()

.
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Outcr~s of-pre-Pennsyl~~nianbasement usually, ~ave a gravity '.

anomaly of 40 mg~)ls associated with them, w~ile Triassi.c strata in. ~he area',
, {

show a lower gravity level, although it ,is still higher than that found in

the Bay. Tt would appear:that 'theolde'r basement rocks ~n'this area;were , .,
• • ., 1

uplifted relative to the sedimentary strata in the Bay of Fundy, result-ing
. "

-' ,
.\,.

• ., .,
..,. 85 .

, {

•

1 • "'.

in a greater depth ,to basement·;n ,the Bay: The up1ift probab1y occurr~d :.... . . ~

a10ng the north~est trending fault or the' eastern', edge' of Gràn~mranBank
, '. -, .. '

(F~g.~15), where there is a Cha~g~'in.~he character of ~he magpet;c:f~eld

and an increase io the 1eve1 of the gravity field. furthér eVldence may be
:~ - • \ "". c ~

observed on Grand M~nan Island, which shows ~ fau~ted'~ect;on of Pr~cambriari
.' • ~ 1

.; ...

, l '

King and MacLean (1976) ~how a boundary of the ma~neti~ field ~
.. • , fi.. , __

'in the'Gulf of Maine coincident with an outcrop of pre-Pennsylvanian basement
1 . " , ', . . .

diViding the Acadian Triassic Basin lnto two haTves (Fig. 15), South of this'
, ..

..

~ . .'

strata in con~act with an exposure·of Triassi~ volcanics.
, ..

--

,.
'.

,
'.

, "

.,.

.. '

'F - • ' ,II

",.
'.

ments rest on the Meguma, basement whi,l1>·:-rrrm.1"h of the bounsiary", there .. appear~. ... \ . . . - ' ~ - ..\ .

to be Q~other f~~~ 't:a~a,,~ ewd th# magrietrc basèment:~

. '

et. '. ,

boundary we fi'nd-the sarne. geological sequence observèd in th~ Bay of 'Fundy.
. .t· . ,
Th~ bas'e~eoi un~èr the Triassic is shallower than ,that 'found in the Bay, re-'. . .. . .....
sulting in a gravity field that is 'approximate'ly"20 o,ga1' higher t,han th'at

• . \ ' ~.' 1

observed over the Triassic 'sediments in the Bay (Fig. ;9),

Tri as s icstrata are al so present in trough S' nofth of the .,110 unda ry ,

"separated by basement hi·g'hs. The gravJty field' there is generallY:high~r

tha'n tnat found ta the s~uth, which may be èaused in pl?rt b-y a zone o.f d.~:nse
. .' ~. ~ ",. .'. '. .

'strata found 'under the Triassic"in the bàsins (Section 4.4, 'p. 44') •.. , ,
1 f " ..., • •

.' .. The boundary se-ems to 'be' the location of a1change 'i.n the ,tectonic·
.' l.. • 4" .ç.

styies', simi.1ar to that seen -in the Bay. 'South of 'the bo~~dary Tri,asstc sedi'-. ' . . ..

, ..;
, .

(.'
"

~'

~
~. ",
1:,

f:'
f.
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Chapter 5, Summa'"y'arid Concl usions"

, .'summar; '. , ", ~ ',"", 1

Data.colleçted in the Bay of Fundy and Gulf of Maine srrow signlficant
". .' "

:-..~ ..
difference~ i~ the geophysl~al fi~lds 'present over different 'portions o~ the

..(

"-.'
)

~..

.'

,

, ,

, .

,
, .,

b'asement, grav,i ty'and "
. j,.. '. t:'-<

The strata .

' .

. . ,

. .

· ..
Hôwever~ not cin the data may be explain'ed'àssi-mpJe' continuations

. • .loôJC
"

i n ~hese, troughs vary in..age trom Or;dovi G:iOo. to Terti'ary:

:
duced a sin~le trough of Goldênvi]le.stra~·i~ the

.II d,

lane),

of the ons hÇlre geol o!JY, ' '." ".

'~:tn~~;preta~ion~f,;str~c~~;e f:r this a~~a presented Jby Dr.ake ,e,t al,

(1954), Qn; t)lie b~s i5 of s,e'~ smi'c refradt'{'On, cfa.tà; ~i ye~ ail' ~v~~cimpl Ù\ ed' "
• - • Q . '. .. • ~

picture of the att~a1 structure. Recent potenti ~ 1: fi él? data~ ,ùiow, a' re-"', .
• 0'" • . '. '. .............. 1 •

finel1)ent of th'e sb:.uctures shown.by the seismic datâ'a'nd ~h9wtti1it';tht oK' ~ '.' J
. .-/.'. .. .' , '\ .... . .' .: f·~· '. ....'),.. '~, '....

geological features' fdund onshore fromrCape st, ~ary to, Yarmouth, mày .extènd f' 0

to' the area of 'the s!,!ismi~ prof.il'e', 'Wher/~h,e: !ei;miC int~rprèt:at~ot'pr~-"
", . -' . . . .

"

. '

survey areâ,. Suffi ci ent control has ,.._.~ pr~videtl tiJ: extenq 'sorne featUr"è~
\ , D '

i~to~he off;~ore regions o,f N ilotia. and tO' s~ggest bOl(ndaries betwee~

areas of differenf geologic 1 hi tor:y, "
- .' ","

Most, of the potential field .anomal ies "in the ~egion we'st of Nova Scotia.. ,. ~

can be traced· back to sho.re ànd correlated with-a.',(orreS'Pondirig 3n6mirly, ':.. '. . . . ' ~ .

showing ,that th'e région,of the GU1,~0.f M~~ne (ea,r Nova S~otïa h»~ basi:c~llY _

the same structural trends and 1ithol'Ogical ,units found on the adjacent ' ..
. . .'

. , ,

,magnetic data indicate the pPesence of tnree smaller troughs.. . .' .

•

",

"

Q,

( .

,.
• '1

" "Q
, ..c

"

~ :.
. ,

.! '..

(:. ..' .

. ,
, , .

'. '
", ~ ,

\,"
~ .'

'.
:.'

, ..
..

'.

.'
- ' ..y ""~

. The first .trough (Zone B)·is an offshore el<tension of tbé ,rcick5 and"." '.
~ , ~ . ..' .. :' ...'t\ ,'" " •

structure fQund near Yarmouth (Fi g!l'.30 ).l~'egr, magnetl C',~nOni~,l i es ob,sër-< ,
· • \ . . r. . \ ' ,. _".

'. v.ed ·;'n'·that vicinity may b~ traced offshore, where'théY',change-- str:i~e frOli( '.'. ,_
. - . /--....'.,., . .. .' . ~ .' ./. . .;'",
a nor~heas~ to a"·nprth-sou,th dir!'!eti on, . Mâgneti c data over., the. are:â s,how·. .';•..... ','.. .~. \ "- .. .'...

\ • ",~O;' '" " ... " - •
l' ' .\
:1 )

.'

.,'

.... .

c

i
1
"
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changes' in trend ,and possible faults, ,but a detailed study of .structure
.

is not possible due to data ga~a a lack of gravity and sei smic data ..~ .
Extrapolation orr:the ~arine gr ~it data qhshore shows a gradient from.the

extremely high values fQund in - offshore regions near Nova Scotia to

the low values over exposures of'granite, _indica~ing that Jhe granite may /

extend i nto thi s re'lüfn under the trough of .Ha l ifax strata. Si nce i t i s (

not possible to separ e the apomaly. c\used by the Halifax Formation from

that of the granite, interpretation of the structure becomes highly

speculative. -

') "._ 'The li near/magneti c trends observed over the Hal ifal,( Forniati on

'~ntinue south tO.4~20oN, where-they are offset along a linear magneti~

~rend and finally disappear over the area where a continuation of the 9fan­

ite seen near Cape Sable is thought to exist .

. The central trough (Zo~ A) is located at the point of greatest

depth shown by the sei,smic' refray{ion profile and appear.s, to be a syncline

in the Goldenville strata, filled with rocks of the Halifax and White Rock
~

F.ormati ons,

ti ary age.

which are ovérlain by sediments of probable Triassic and Ter­
\~~\

The syncline is flanked on both sides by outcrop~ of Golden-

ville strata and represents a prob-ab le extension of the Hal ifax Formation

near Cape St. Mary (Fi g. 30) .
....

seen <::~

\
The trough to the west (Zone C) _.àppears to be a sequence of

Carboniferous to Triassic strata overlying the Goldenville basement. This

the ~ulf of Maine. this structure drawn on the basis of a change in the
(

trough is terminated upon

cates that it may be part

conta~with a unit whose sei smic velocity indi­

of the -' sub-basement' of the centra l porti on of
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character of the magnetic field, outcrops at the boundar~en the

dééper pasement found in the region near,Nova Scotia and the ~hallower

magnetic basement 'of the interior ()if..the 'Gulf (Kane et al (l972». The"',

boundary may represent the western '1 imit of the extensiOn o'f the Meguma

Group into the Gulf. The overall geologi~al sèquence seen in this trough

is similar to that at Cape St. Mary'where Tria,ssic sediments 'overlie the

Goldenvi1le Formation .

The gravity low observed southeast of Cape Sable is caused by
, ,

granitic material similar to that found in western Nova Scotia and is

probably an extension 0t that bathOlith~Dep~h to magnetic basement

studies indicate the presence of a coyer f relatively non-magnetic
l ',

material over the granite, varying in'depth from' 0.2 to over. 2 km. Since

both the granite and the'overlying formation are basically non-magnetic,

the magnetic basement CQuld be caused by anl'1ureole of magnetic material

due to metamorphism of the country rock, or b~d~Tfe~entiation of the magma.

Dredge hauls in the area show a predorinance of granitic pebbles ,·suggest-

ing that the granite may outcrop in tbe vicin~ty.

,
South of the Cape Sable gravity low; in a basin that ferms the

Lf. .,/ .. ;.

, ·northern boundary of Browns Bank, there is a zone ~f high magnetic anomal-

iéS, similar to those seen over âreas of vofcanic,material near Yarmouth,
/'

This zone persists over the entire Tength of the basin and terml~t its

boundaries (Fig. 13). The basin and the assoc~ated magnetic ano~alies are ,,
terminated by a linear scarp, whichis probably an indication of fault,1ng,

antl which suggests that thete is structural control of the topograp~y of the

area~ , ,

i

(

'0

.' • "
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Data over Browns Bank dO.not allow for a detailed analysi~ of

the structure or forma t i ons presen~flther deep Il)agnet i c basel1l(~n t i s. ~ . . .
found across the Bank, generally great~r 'than' 1 km and w.ith a maximum of

•
over 6 km in one location. Gravity data over ~s 'zone al-e dominated hy

the gravity gradient observed'over the conta~t between the granit~ which

causes the Cape Sable gravi tYl~~;:..:e ~o.unding country rock. A

sedimentary cover of Tertiary material ov(r the outer portion of the Bank

1ies uron rocks of the Meguma Group which ,probably form the bed,ock of

BrOl'lOs Bank .
'.

. Gravity and magnetic data show that there may be slight differ-

b'

ences in tectonic styles in the Bay of Fundy on. the north and s-outh sides

of the Glooscap faul t sys tem. To the south of the faul t the s tnîcture
, . . . -

represents a 'continuation under t1,e Bay of th" !·leguil1él "OCk5 <!Ild Devun'id"
~

granite found in western Nova Scotia. ,Carboniferous stl-ata oVl;lrlie the
- - \ .

r~eguma in the northerr;' portion of the ~1egumaPlatform from the Pôrtipique,

'1:
oc',

faul~cated 30

of N~:th "10untain

inNova

km south of the Chedabucto fault) almost to the location,
(Fig. 1). They are not found southwest of this loqltion.,

Scotianhe Triassic str.ata south of the Glooscap fault probably

(

rest unconformably on the older !·ieguma strata. The older Carboniferous

sediments, if they l'Iere eyer present, have been eroded allay. To the north

.of the fault sediments of Carboniferous age are present along most of tlle

shoreline of r'ew Brunswick, in contact with the predul1!inantly Precambdâ;;

stl'ataof. the area. Carboniferons strata have been mapped under the

Tr,iassic sediments ~f the Bay~ (SI'lift and Lyall' (1968 a an:r)) and may form

much of the material present in the gravity lows near Pt. Lapreau and r'lartins

Head.

,
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• Th~ region of the mouth of the Bay.of Fundy represents an area

of up1ift'of the older bas~ment rocks. A sha110wer basement in the
•

northern part- of the Gulf "of.. Maine than in the

ref1ected'by the 10wer values observed for the

nearby Bay of Fundy is
"-...~J

gravity field of the

1atter. The boundary of thi s zone of u'p'l ift appears ta. coi nci de with oa
..,r\ !ifJ .:;"..

northe~st trending faù1t east of Grand Manan (Fig. 30). Southeast of this

fau1t we find the higher gravity field characteristic of the Gulf. The

'.south margin of Grand Manan Bank, a portion of the up1ifted basement, is

"coincident with ,the boundary drawn by King and MacLean (1972) on the

rbasis of a cha~' in the magne~ic field. North of this boundary the

Trias;ic sediments appear ta be under1ain by a denser, non-magnetic rock,

'.

, ,
whi1e south of the ,boundary the basin is fi11ed wHh rocks havin9 a

density simi1ar ta the Triassic sediments of :the Bay of Fundy. This boun-.,.

darj) may represent the northern
J • c::.-->Malne.

"exte~t,of the Me9uma Group into the Gulf o~

"". .--'-.....

, Triassic sediments, extending into the Gulf of Maine t~ within

70 'km of Yarmouth, over1ie rocks of the Halifax and possib1y the White Rock
v,

Formations. The Triassic rocks in this area repregent an extensiôn of

the sequence in the Bay of Fundy and shôw that the depositiona1 and erosion-

'al history in these areas has been gener.a11y simi1ar since ear1y in•
Triassic_ time.

"



Conclusions

More detaiT~ surveys

92·

1
of the Bay of Fundy and Gulf of Maine are

Gravity and magnetic data were

(

needed to make a comprehensive interpretation of the geology of the area.. . .
The Meguma Platform of Nova Scotla has differentgeophysical characteri?-

tics than the rest of the Atlantic Provinces, which may be an indication

of a different geological history for the Meguma Platform. Data were

insufficient to determine the effect that continental drift has had on

the area.

The variety of data types that were used in this interpretation
- ,

shows the need for perform~nga number.of different geophysical surveys

when gathering information in an area.,
i
~sed to interpret the regional geology of the area. -Significant changes

in the gravity field usually represented a major change in the lithology

)

, .. ' ,.

or structure. Local anomalies did not mask regional. trends and allowed the

'gravity data to be used for correlation 0tgeOIOgy across widely' spaced

survey lines. Magnetic ~ata were also us d for regional interpretation
c1l

~ but were more susceptible to masking of re~ional trends by local anomalies,
J . \\
~ and werether~fore more beneficial when US~d\\O add detail to the gross

,geology interpreted from the gravity data.. Seismic reflection data pro­

vided information about the location of geological contacts and the struc-
•

ture of the sea floor. Bathymetry data were used in conjunction Wi~

gravity and magnetics to correlate changes in topographic relief wi~h

\-----~ ", ~.
changes in the potential fieldsof the rocks of thearea, and ~TPed to ide~

~ (.,
tifY some formations. \. \

Further work should be done to improve the quality and quantity

of the available data for the area. 'Gravity and magnetic data\re required

to allow a more complete interpretation of the regional field, to map the
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approximate position of geologic boundaries and~ provide information on

the sub-surface structure of the area. Sei smic reflection data aTerequired

to~provide the near surface structure which would not be evident in gravity

or magnetic measurements, .and to precisely 10cate the position of geologic

boundaries implieg by the potential fields. Core samples should be taken

on both sides of any identified geologic boundaries ta positively iden-
~--:

tifY the lithologie units involved.

<... 1_/
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APPENDIX A

'"....
Listing of the computer program TAL15,used to cal~ulate the

gravity field produced by the postulated structures.,
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Tt1F, ,,"uH.. r TU tH:. \lAHklEU MUS Nt./T 1jE:. THE FIRST ~H LIlST.P(}INT .IN THE OU051
• + "l - ..- _ • ~..

J-lUL 'fbU,.., '. ."' 00U52 . J.
: THt:. L>lYEI~ 'TU ëE Vtd-<f<IEO MUST LIt: ON TI1E UPPEH SUm'ACE OF 11iE: . 'OOb5.3~.· ';.'

LAsr l''CLyr.;UN ," UUUJi4~
:-i~~·(1") ;;:1 TU I\UT PLOT loEIGHT CURV!::: • . , OIJ05S~ '" .;/ 7:\,

~:;w(14) = 2 10 ~l,;f"~ESS Pl01II\G OF WEIGHT AI\U GH/lV.:lY CURVEÇ.. llOO's". ,..~:.1i:
~5 .. (1~1=1 FOn (;u1f'UT OF LL PtlH,IMeR::i FOH EACH fTE~AnOh(~SW131o)1US 000» -"~'rr
/lL~U tJE ~U =1 If THl5 OPrIO'" 15 5t::LECTED ". ooo"!'R ' :3
5S"(1'I1=1 lu PLT KI:.FX=-1000. (,t'uST PUT OGA(l),:n.,REFX=.;'f)<l. O~ .; OO(~59
INI-'UI . ,,' . ''', . 00060

J ',~ .~~ ~

..,) . ...

J
1

i(
1
j



-.c . "

., .~,.-

i
/

\

t,

, .'

00061

OOOfl?.
000n3
00064 '
00065

'0006f>
1l0061"
OOUt'R
OOOf,q
00070
00071
OOon
00073 ./
00074/
00075

·0007fl
00077
00078
0007<1
OOORo
OOOR1
OOUA?
!JOUA3
OU084
0001'35
OOOAf,
00087
000811
0008q
00090
00091
0009?
00093
00094
0111195
U01l91i
00QQ7
O'OOCIA .:
00099
00100
00101
00102
.00103
00104
OOloS
0'0 1 Of:,
00101
OOlOR
oQ'l oq
00 1"ta
00 lJ 1
00 lI?
00113
0.0 114
0011'i
001U,
00117
OOllA
00119
00 120
00121
00122

'-.i

2
C
C
C

c
c

c
c
c
c

~ 55"'.(19) = ï. rD t::'\E:.CUT.E THE M{JUEL tH f'lGE LOOP FOH IMAX ITEHATIOt-/5
C HEün~ULt::SS UF THE LHANGE IN THE RM ERHOR
c' SSW(~ùl=l lU ~~AU IN VALUES OF FA 1),06AIII, O~E SET'OF'
C VALUf:S TU Il (f\lil) 11\ FOHMAT 2FI0.5)
C l"'A.... 15 rH!:. "'A,dl"UIJ I\UMlil::H Uf' ",UUELS T/"IAT wILL !;lE czLCULATED.
C l~UU~S T~E:. NUM~ERH ur MDUt::LS THAl HAVE !;lEENICALCUL~TEO
C

!.:U~~Cf'l EAXX,lEt::t::,S~ELZ,OELZ,IOUM

,r.O"''''u/\ COM!:.C 5 ItFxClSoI,FZ(1S01,POELZI150)
tl ,)\ 0 1l 1 o}. ( 1 S0) ,l 0 ( Il, Z ( 15 0) 'UGA ( 15 0) t TES T Il 50) '0 5 l; C15 al, AUX [ i 0) ,
Il SlJl1(1!JOI,IJ.G1l1:'01,"'CON[lS0lt5LM'Il(lSU) ,S15UI'1(150)
(llME:.N~lC~1 lIlHt.L(l'ul ,5SELl [1501 ,HE5A 11501 tOGGA!l501 ,AHHAYIlSO,4)
[;lI'EI\~lU'" NrLt,Ul:') ,XS(15)
Ul"'I:.f\~IUI\ (ALTt::(1~O),AAC150 ),KK(5),OcS) ,OUElZ(20)

~QUIV,llLENl.:E:. (AHliAYll ),SSElZll)),[ARHAY(lS1l,fH::S~(1)),(ARRAY(J01

tl)'UGGPCl») lv- ~
011 1,Jo ( 0 =1) • ,O. , (J'. , o. , a•1 .
COl\ f 1"'ut:.

II\PUT UL! ~T Ul\ll ASSIGNMENT
CI\HU t(f:AUt:.
Ilr\~
LI M:. f-' fi l)!n:H
110ul=61

t-:AG TII"E OUTPUT
J]APt:,=2

p.

IMOU"U
lt-~l",:;l=o

1Hf. !·d =0
ll0Uf-=0
Io'CI-=14
K F].I. =1
l=9~ .
~;~. [ l ) . - 1
KI\(21=0
KK tJ) =1
KKI4J=0
KK(,;»)=_1

. Cq If. flO IN\: Cllr'.1"10t.
UV . 1 K=1• 1<J 5 0
COf"EIl\l"u.
~Ht~L=O

1<::; 1. =1 .1'.71)
(J~~l= .1!J
l)(èl=~Ot:l

11(4)=UI:L
TWU~l=2~uetL/0.~31

fI.'+=J
fIIllH. .1f1Jl' lt-'E. lAST PlJl.YGON HUST HAVE t.UP-i8ER 99

HUE~s =h~FlHlfl,CE U~I\SITY FOR GRAVITY CALCULATIOfl.s ~ l '

...... <;1. = f1HE:.t-it.NCl:. WE!GHf fOfi "'AS~ C.l1LCULAT IONS ~

'Imcu=.u IFf Eht.f\!.:!:. 1lE.t.SlTY. FUH ~.u l:EL ADJUSTING =HI-Q lOWE(RI~H~O lUPPE~ .
HEJ1û II I~,44bl [lAtitL (KU) ;Ku=t--,201 -_
WHITt:ll11lUT''+471 ILAtlt.l(KlJl'KU=l'201/· • .
1= 151'1 (-2)' .
IF (1:;10 1\) .t.U .0) ... Hl TE (JTAPE ,"446) (LAtlEL (KU) ,KU=1.20 1 .
!JO !:il: 1\= 1,20
lALTt("'l=IS~(K) .
IF(l::~jlll.t.U.OI IoHITEIJTAPE,41YI (lALTEcK),K=l,20)

.... t.·AU (1 If, ,421) kll!:.t.S, HilGT IHHOU~EFX .FXI,DELF x,!, ,i/olAX

0,. l' c' l ":Ul .,~:. "CNS,HW", "HCU.""',rx"DEl" '" , ~ l'A'

·C

c:·;
1.:
~
1

'1
1

-. , " .,' (
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A 3

00123
00124
00125
0012h •
00 127"
00 12A .
0012Q
00130
00131
00132
00133
00134
00135
0013l'l
00137
0013A
0013q
00140
00141
00142
00143
00144
U0145
00l4(e'
00147
0014A
0014Q
00150
OOiSl
OOIS?

. 00153
00154
00155
00151'>

., 00157
UU1';)~

0015Q
001hO
.001(,1
00162
00163
00164
OUI65
0016[;
00lh1
0016H
0016Q
00170
00111
00 172
00173
00174
00175
0017"
00 177
0011R
00 179
001RO

/ttO 1Al
0018?
001A3
001A4

~'

'.

"

4tl
4'J

bU

7'1'1'

IF 1 iS~IIII.E(.loO) \oj~lTE(JTAPE,421) HL:lEl'lSIf(\'lGTtHHOL>,REFX,FXI,DELF1itM
41 ,IP"A,l(

00 5'J 1:;1 tH
~UMIII=O.

IE,STel)=O
LlSlJ('II=O

~'1 rON rI t\ 1.11:
f)(IKF~Nl=F)l1

~Z(l\P"'lcO.O

Kl=KF ,x 111+ 1
IFII~\qZO)"IIiI:..ll liOTO
t'H:.IlLJelIN,4ë) 11-)1(1), GA[ll, 1=1,104)

'G()t(J4~

k!:AU200, CUGA 1i), 1=1 ,H)
uu Ili;O 1=I,H
1;(j(;flCl)=UGIl(11., 1

IF((Jl;A( il.GE..U'19.) OGGAIII=O.
020 JCu", Tl"'Ul:. .!

If (ISI1 n) . 1:. li -U GU TQ> 7004
... k Ill:. ( J T/If': j~u a ) (0 GA ( l ) , 1=l ,M)

7UO'+ CUr-. 1 il'illl: -cr
-IF (1~ .. (21 .H. 0) (,0 TO 7021·
Ht:ALliOl.('-l(ll,i=I,H)

If([~"lll.l:.l.o.!J lJU 10 1005
"'I<Il!:.tJ!J\Pt, 2ù1) (FtllltI=ltM)

70U5 cor~ 1 II\UE
cc: i.
IF« 1~\'j (?I .E.o.21 CC=I009.

ua 71L.:4 1=1,/1
~ l CII =Mr III ))1 CC

AKH~Y(i'4)=f'C;1.)111-100.
7u34 CONI1/1,UE '
(lI.:l CliNTll\UE .'

H:(I~"'(ëOl. ' ••1 (;OT095
,,1) .. ~I 'K.;t<.I,M

'4':i1 ~~'~~=r)([K-ll'IJELF,ll
'-J';J- [JO '1'" 1\=,1'-101\1\,1"

)

~~I:.LI. [KI = 0.0
''lb corq lr.Ul:,

1,0 5]v="'rilN,M
It- (l<f.rÀMr,l( (Jll':l3,ëlr53

503 tON 1 Il'U!:

tl J=J t· 'H ( 1 ~ 1 J Tl • H • 1) J ="1
p'l1 10(171.1'.:1..11 F,ll(II'=-100

1<1: f LI; ~ _ U(,A [J) .

Jkl: r :;.J'
CUI\ Il f'<lit:
Hl:::IlU (1I/'.o.'+J31 Ltl:O,HHORl<,COME
wHI Tt (lTUuT .4~1

IF (l~'" (1 l.t(J.Ol
hl-lu:l'lrUHI\-kt:!:I\S

COf\ J i r.u~.

1=1 L
Ijul HEAD 442 ,X,ll,a ,ICODE~IAL

X(II=)(X
l (lI =il

IflL Tt.!! 1:::II(lL
Ph[l\) 70)2,;.(ll,ZClldCODE .IAL
Ir (1 s" (Il • E. Y.11 GO 1(J 7008

lfo(l"'I:.ST.ui.iJ (jUTO 100B
wH rTE ( J r AP t. 1442 l X1r l ,Z 1Il ,le0 UE , 1AL

l,

""
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1
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4

C, ,
C, f'ULYl:Uf\ PUINI~ OU LOOP
C

00185
'OOlA"
00187.
001Ral
001139
00190
00191
00192
00193
00194
001ge;
00191'1,
00197
0019R
00199
OU(OO
00201
00202
OOG03

f
~~~~~
0020"
ocf2 07
0020R.
00209

, 00210

U0211
OU212
00213
00214
0021';

,0021 "
00217
002tR
{11):; l 'J
OU220
Q.0221
00222
00223
00224
OU225
0022"
OU227
UU22A
uU~2q

_~U0230
00231
00232
0023J
00234
00235
00236
00237
OU23R
00239
00240
00241
002 /.?
00243
00244
OU24<;
00246

...

",

pU 421 K"Kf)(N,H
sUELL=O.

CONT Ll'.V€
/Il =l, ri
1=1+ 1
IF(IÇ'UE-9)801'~lO.801

CUh,l~~t '
IF(IH:,SI .Eu.l) GU TO 811

CALL ~~162 IA,l,N,FX,H,SUH,HHORK.TEST,DSU)
CUI\ r 1 1'< li 1:' •
IFI15~(3).EU.D) ~HINT 47

f Ille POINT UU LUUP

ru ,.j" (rb l (J~Ij.lll:: TE fjlJ lJ 6LJFH ANOMAl'1 eN JT ,aPF.:

If[I~~(II.EU.ll GO To 7009
',d-ll rt:: IJl AI-'t:.. :::007ll\'}'X [K) ,fI (K) ,PUElZ [K) ,l;GTO

(,0 [li 'OO~
ct; I~ 1 l ,,·uf.
IF[I::'~I3J.I:.~.ll (,0 10'7022
!JK 1" l " 4 , 1\. • F .'1( ~ 1 • F l 11\) • POE L Z (K) , usU IIÜ
corn LI\IJE
IF(15wl~).~U.l) bU TO 7009
IF ULUOI-'.tl.:.ll bO Tu 7009

IF ( 1~ ~ [ 11 .!:. Q • 1) (,u 10 7009
If'lIH:.SI.t:(Jol) liUTe 7009
IokI Tl:.lJl Jil-'t ,44) K.fX (KI, FI (K) ,PC!:.LZ (K)

r UNI {l'Ut:.

rQl'lr[l\ut. ~
lr(IS~(4J.EUoll'GO To 3.

C!lLL f-ll1ftJ[4.tfJC!::LZtl50, ,0 .. 0.)
CONIIl\uE
Ir (L-U"C) 00,430 '(,0
HcrC~k " HtfÜGA-55t.LZIJ)

Ill! 4~2K=Kr "N ,H
SS[Ll(KI = S~tLZ(KI - REFCOH

ÇOl'oIINl,;l-.
5~ErC=s~!:.rC_kEFCOR

IHES=O
kSüLl:"H~U

lise, ,,0

4lUI

4~J

r
'(OUB

3u(J~

81U

4U

c
C'
C

5Uul
~UUb

ç
C
C

!Hl

UO 30041,,1,'"
IlJu~=l

c05 ~X1.;"=klll - HIK)
,'/E.Et:.;:L(l'J - FLIK)

C"LL CONf'
JOli .. co~III\UE

J F [lLl;Ùl- .I:.U.l) GCTG300S
I-'IJELi ll\J =13.34<l"HO<l~UI::LZ

GUru 30Ul1
COl'. r rr-.UI:

f'Ut:.LlIKI""HOU'l(lJ·J4<lSOElZ-f'CONIKI/RHO
. 3UUtl CUN ( II\UI:: .

SSELl(I\I~SSELL(K)-fJ~l::lZ(K)

1 f li. 1\ U -'1 ) '1 1U-l .500 -l '41 0 1
t1ti 1U=I'G/4 (l\ 1-l'VELL IK) <1 (2. é 7-RI"OflK) II1HO

1-' H ll~ r ~ [1 U" ,K. r x (II. ) ,F Z [t<) • fJUEL Z (K) • tl G' U

" '4.l 0

i
1

r

le
1

J •.­
'\·t

r....,

(

.j \ ?
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,1
A 5 .......... ,

C '
C èALCULA1F~G l~t H~S EHROR
c

RE::iF=O oCt 00247
0024A
00249
00250
00251
00252
00'5:1
00254
00255
00256
U0257
00258
0025Q
002liO
00261
00262
002i13
00264
00~6s

002""
00261
0026A

'002M
00270
00271
0027?
00273
00274
00275
00271>
00277
U027A
0027q
002AO
00;''''1
002A2
OU281
002B4
002A5
0028(,
002147
002RA
002 f\Q
00290
00291
0029?
00293
00294
00295 '
OU29"
00297
00298
00299
00300
OU301
00302
00303
00304
0030<;
00306
00307
fJ03nR

...

\.,

.\

,
:~ .

'.
~'

1 -f X IK 1
J-P~[K)·D[Il)OSIG~II •• ARG)

ItHU ll\CJ xs
;(::'(Ml,.h) =0.

i
HFIIEL ("Ch 1=lJ 034GkhOOOSDELZ
CUl\lINl;E
~cuut::=O

If(I~"'q) .1::.(,1.1) ... HlTElIIOUT ... 701) KCOllbK. IHFOELlKOI,Kll=l.MCHI

srORIN~ fht OLU VALUtS Of POELZ

IFlILUO.... I::.Gl.ll GO TO 434
uO 432 K=Kr)t.I\.",
~CUNI~)=~UI::.LL(KI

)

u~ 4422 K=KfXN,~ .
IF [' OGA (KI .Gt.~OOI GOTO 44Z2

"HE5AIKI=S::iELZ(KI-OGAIK)
Ç-ot. 11NUE
uO 44G4 K=KfAN.M
lF\ùC:/I(KI.GE..'JOOI üu Ta 4424
1H~. s= 1 fl!: !:i.1
H~('="t~A (1\') O~2. HSG (

4" c4 CU,., 1 U~lit.

"'S(;=~l,Iti" IHt.51 ~
WHl T 4425) lMuri.Hso.IHES
IF (' '.-l''A)( 1 GO ",:0 436
1Ft ~ !::il.!:"'.l) IfIHSToO
It'rl!:i~qI31.E.I.;.l .AIIO. IfIHST.EG.OI GOTO 439
CU"'11Nul:
IFIH!:lI=1
IHl~"'!lYI.l:.l..11 GOT04427
IHl~W(t>l.tÛ.U .LH.IMOD.GT.IMA-;(I GOT0438

H ([ l'~CLIJ-O.~I.L~l'\SQ .ANU. IHCIJ.Gf.ll GOT0436
~~ANCHING uUI ~t' ~lL AL1EHIN6 PAHl of M PROGHA~

CUl'. r ll\lJl:.
K~u=(~C~O(MCH·l)1/2
1,0 (14':b LI.:=!tKl.lG
AA [LIJ) =0.

)( 0 ( 1> =x (1'-.)

lO(II=.!I,.,>
I\=JHtr
"C~=O G

I.C".f'UTArrQ:~üz rCH ·THE HEFEHENCE POINT
, j

l'lLIJ=N.-l 1

Lit) 1t:~0 1::1.!'Le
H (II'LH [11.t.U.Ol GO Ta 7b'S0
~l)r,L.!::O •
liU 1/:40 llJliM=1.5
Il=ILU,..
p~lj=A(lo1)-X(1-11

~(,=loJ\l\lIl )
.I-..,I,X";'::):. (te (J

lI'.. EE.:: 1. 11\ Il
CALL (;C~l'"

7 b4 0 cor, r if. li t.
l''CI" =1"(;t1 ° 1

C

C
C

c
c
C

4423

)~(

1
1

,

,
l'

1

~.

.
f

Jy
(;

4 .. ;:.1

44~b

,
i
f
;.:

C
C

( C
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) A 6~.'

Cl.
C fll:.LU ~OI~T OU LOUP
C

GO TC 436
43~ PO 435 ~=KF~~,~

4J~ S~tLL(~lcS5tLZ(Kl~PUELZIKl

e SSELZ(KI 15 ~O~ IHE SU~M~O VALUE Of ALL POLYGO~ CO~TRI8UTIONS

C ~xC~Pl IHAT uU~ 01 1HE cHANGEU PART Of THE ~ODEL

Sk~FC=Sk~fC-POtL~(~kEFI

43b CO~ 11NUI:.
1LOlH":: 1
IM(;U=I1"UU·l

~ ..
00309
00310
0031\
0031?
00313
00314
00315
0031" •
00317
o031'A
00319
00320

..0 0321
00322
00323
OU324 ..
00325
U0326
ltO'J27
OOJ2R
00329
00330
00331
OU332
00333
00334
00)35
00336
00331
DOBA
OU339'
003"40
00341
U034;:t
iJUJ4]
U0344
OU345
OU34;;
00341
003411
00349
uU3sn
U0351
003<;2

r 00353
OU354
00355
003511
003·57
0035e
0035q
003hO
00361
0036?
00363
00364
00365
003611
00361
0036fl
0036()
OOFD

'.~

'/

00 7b~o K=KFXN,M
IF(UGA(~).GI:..40hl GO Ta 7850
IF (l\.tC.Jkt~ 1 GO TO 7850
,",CI1=O .~

cC".t'U T1l'lü II/ui Fof< EACH CHANGEABLE paL y PO INT

00 7t:30 l=l,r-.U:. ,
IF(111LrUll.tu.Ol GO.To 7831i

... O!::Ll=O.
Ou l~~o 11=1,5
IlHG=X({+}I-X(I-11

~G=1+t\K(111

\:..()( X=x (~.(J

ZUE=Z(I\U
1tJl~M" 11
CALL ~OMf"

'/tli:!O ClJflllMJE
l'C,",=I'C''+}
Ulil;:.LL,.(f't:i"J" 13 .34 ilkHO[)ilSDELZ~RFL.lELIMCI11
CUr-.l-.thlJl:. . (-"
Kt:uubl \
J ~ 1 1:: " \ 1l • t. Li. 1 1 .. Hl rt. ( 1 1u ur, .. (0 1 l "t: ~ ul:. JI' • , üDé: LL i;\ lJ) .,~ LI.: 1 • ;.: l:III

~Ow ALU l''t LU~lkl~ul{ON TU l~E N~kMAL EauATlq~-

C
C
C

t'Pl="'CI'o.1
lUErd=la

Ir [lSW(7).f:U.ll \IIHITE IllUUT,45411 IOENT,(AAlIIl dI=1,K(J
IOI::.I\I-=b ,
IfUS"17I.t:..u.11 ~,~lrE[IIOUT'45411 IDE~T, (XSlIll, -'11=1 ''''fHI
CALl ~l:.lS(XS,AA.MCH.1.EPS,lEK,AlJXl

IF 111:. ... M:.UJ wHITE IIIOUT.441 a.H
C CAlC~LAlt rHt ~E\'l ~ALUéS OF THE POYGON POI~TS

t-!CI"1=O
[lU flJbO 1<=1,,.,
IF (IIlLH.(K}.I:. IJ.O) GO Ta 71160
~C~"'I'CI'o·l

Z(K}=1IKICl(1.·U.h37°~lANllwUf:l~XS(~CH1/Z(K)1
.~

c
c

!JU 71:35 ll=I,MCH
UU 7~::'4 {P"ldI

KI': =1.... « 1 l~ 1.1l> 111/2
t.A (!"-!JI =MI [1\(;1 .UUELZ IIPjClOOELl (Ill

7HJ'I CUI\ 1 It-llt'
'~I{1 J=X5\ll I.HESA(K}~UU~L4(II)

'l~J5 CU~TI~L~
7~~0 CUr\fII'<Lf
C ~~ ~A~E l'<C~ ~lNlS~I:.U SETTING UP T~E NOR~AL EQUA~IONS

~y 5= 1.1:.-1 U

)
'-..,

(

le z·o
7tlJO

l·.
1 . C
1

C

-..,
.',

:( •
1

1 (
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...

OOJ71
00372
00373
00374
00375
00371;
00377
0037A
00319
003 Ba
OU381
00382
lXl3B3
00384
00385
003Rf,
00387
OU38A
00389
00390
'00391
0039?
~03q3

lJ0394
00395
00396
00397
OU39»

.00399
00400
00401
00402

'0040]
'1041')"
00405
0040"

. 00407
00'o0A
00409
OU410
00411
0041?
00413
00414
0041'i
00'11111
00417
0041A
0041Q
00420
00421
00427
00423
00424
0047.5
0042"
00427
0042fl
01)42')
004 JO
OUII31
00432

A 7

/

/

"\.

c

~olIl

1F (Z ( KI. L T • 0 .\~ 1 Z 1KI" • 2

CON Il''''Uf
GO" TC Il 11
COt. lll'iLJt
IF [lLuCP.t:.lO. 01 (i0 TO 439
~A~l~~ TH~ ~t:.I~T CtLCULATION FOH THE MODIFIED POCYGON

AA 1~ JL~T A ~A~HAGE AH~AY

CALL wEtG2{X,l.N.rX,M.AA, 1. ,AA.OWGT
!JU 441 1\::IÜ,c,(\."
IF(lhlSl.tl<.11 SUM(KI=STSUM(KI
ST SU" 00 =Su~1lKI

C ~101111\G 1... t:. V~LLE uF SUM 10 USI::: IN FutURE CALCULATIONW
441~ SU~[KI=SUMIKl.(U~Gl (Kl-DSUIKl/HHORKI ~HHOO

C ":11 .. Gl 11\) 1S P.!:.lNb l;SEU FOH TEMPUHAIiY StOl'~AGE
~HIIE(1IUU1.414~1

~749 FUK~AJ (30b t.t:. w FULY POINTS-Flt.AL VERSION
IoHITI:.(IIOUr,44tJl (X(KI ,Z(KI ,K,;;1JNI
1fIl f< t:. Sol • t:.l' • Il (j a TU 4 a 41
IF(lSIIoIII.l:.u.ll G0104041
""k1ft:.lJ1fll-'l:.t"21 (Jl.lKI,ZIKlt K=l.f\LGI

... Ml 1 t:: (J 1I\p f:" '.4 2) X(t. l ,Z (N 1 ,1 COOE
CUI\ r INI,;t::
l-'''«Nf 51
ou 1000 K=KI',l.r~,M

uw~r!K)=su~(~I-~""uT

SSSS:=SSlLL!I\)-SI1EtC
IF (l:::w(12) .E\o.lI

.. ll .. lJllKl =ulool:T (Kl 'AHHAY[K,SI02.67
f' H 1j, 152' 1\ , H [ 1\) • r /. (K) • 5 SSS5 , SSE:. LZ 1K) diE5 A ( K) ,0il A (K) ,

l,sUr"(~).llwtiItK) tTE:lT{KI .
CU" r 11'<'-'1:" . Q. . ) ,

lr\I~"'(ll.t.Y.ll '(,U 10'7000 c:-
H ( 1H ~ ST. t l, • li (, ure "r 0 {) 0 . '
""Id 1E:. l.J 1Al"t:. ,!:Il) t<.t )qK l ,FZ (K) ,~sss~,~St:.LI~' .ht;;:,:. (KI ,CGJ\ (K 1

1 .~LJM[l\hUWGT{I\)· 1

'lu 0 Q r ()NI 11'0 UE ~

.~~U . C~~lJ~uE
If(I~I\\i).t:.Ool) GO 10 701J
t:.I\urlU. JIAI"t:

lu13 CllI'Hll\UE . . \. _

IF(I~"(141'~'Ll.ll .~
aC'LL ~LCTH( NC,cwGT.lSQ,l.M.O •• o.l

IF(l:::'rII~I. u.l) "'4=4 .
1FIl ~ .. ( 14) • l, E .2 1

a CALL ~LUIU(LI\U.AHHAY,150.N4,M.O"0.1

WH 11f:. ( ! 1OU r • 1+ f!:;3)
4 153 ~ OHr"A 1 (4111 1= II1I;,U. ~=HESIUUAL .3=CI:lSEHVEU.4::iELEVAII(JN)

• IFI!~W{lJl.Fl.'l .AI'oU. IFlf.lST .Ea.O) GOTO 4423
'-Jl.J'7 (;Of~ 1 1l\UE

C ~11lk l '" u l rI:. VA LlJ E Of )(
IF llSw (n) • Nt:. .1] liO TO 7011
HEAUlllN,4J31 LtiU,Io<HUNEW
IF (LI'IJ.t>lr.• 9'1) EO TO 70 Il
11011:.51<::1
IMOU=U
HS~=I.E70 .
uo 630 K=KFXl\'~

bJU SS~LlIKJ=SStllIK)-PUlLZIK)

ç SS~l.i[r" IS NUit [tiE SUt'MEO VALUt OF,ALL PULYGOI\ COl\TFlIUUlIONS
C t:.XCEl" 1 1HAI UUt or THE CHANGtU PAHT OF THE ~OUEL

({(J Tl. 799
IHE~r JS SE:.T E~U'L TO 1 T' INUICAIE THAl

c
c

.'

..

. ,

...
."..
'c

",

l'
iç
1

j,
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A 8

00<,,1
00434 ' .
00435
00436
00437
004JR
0043Q
00440
00441
00442
0044J
00444
00445
0044(,
OU447
U044Fl
00449
00450
00451
00452
0045:1
00454
00455
0045';
00457
0045A
00459
00460
00461
00462
00463
004(,4
0046'i
0046(,
00'167
0046R
00'169
OU470
001171
00472
0047:1
00'114
U047'1
0047fo
00477
00~7A

00411)
00480
004Rl
00482
00463
0041:l4
00465 ..
004f16'-" .;.
00"87 .'
004RI:!
00489
00490
00491
00492
00493
00494

RHC =tFI0.3,2x,SA41
ANOMALYI

\.

10~

FZlKI
,5)(,20A41

c
c
C
7011

.,;

wE ARE hE~OlNG AN AUOITION SET OF POINTS FOR THE LAST
flUL YGUII TO SU.- THE EFFt:CT Of USING OIFFEHENT
VtHIAHLl POLYGUN POl~TS

CUI\, r H.ur.

10 E~:~:: :~:l ::~:::](;~:::. (6E12.4»
'+è ~'UH"'A 1 (2F III .2)

100 rUHf<1 AI CSFS.l)
44G rUf./I"Alt2FlO.2.2Il1 .

44 HJHI"AlI1S.4Flll.Z)
4S FOH"'AI (//bH L~O =.14.
47. rUH"'AI (/3511 K fX(K)

441 fQHM~lllbHIT~L15-4JUNE14

41~ FUMMill(HO!l)
421 HHmill(bFIO.2.2nOI
44b fUI<I-1AI(20A4I, ~

51 fUH~AI(/llJ~H K FX(K) FL(K) ANOMALY CAL HEF RESIDUAL
1 Uh~ AI'IU~ALY ~EIGHT "GT OIFF W~IG~TEST)

4~41 HJj.,rHl] (110 III UE11.3)) .~

41/U FU""'AI (lH HU~I\S=.F5'2'6H;R~Gr=~FI0.1~6H'HHOD=,F5'2.6H.RE~=.
Qre.".~h,~Xl=.f6.0.7h,UELFX=,F6.3.3H.M=,I4.6~,lMAX=,15)

200 fOMMllll:'HO.li . .
lUI- FUli/olil 1 [SFIO.I)
43..l fUIiMlll115.FI0.3.SA41
7un HJHt-'fll (2A.~rl!.3oJX,211)

!) uU7 f li li M~ 1 ( 1~ • '+ f 10 • ~ )
44~~ fUHt-'AI (2A.~HI"'UU=.1~,tiH.RM5 EH=.F9.4.9H,NPOINTS=,I41
4" U1 HH' Mil 1 ( Iii • ê 1<: , ( 10 Eli .3) 1
44U. ~·Uf1",;l112x.2flu .21

~l .UH",AI 11~,bFIU.2.F16.0,F16.0.Fle.0,F6.1)
H'I) .'

';U'F'.'L Il"'E ~·.L Hi;? IXl-'l..L .ZPUL ,~•• lRl ,Il ,II.t> 1S'::>IjM,kMO, IF.S 1.u5UI
IHIS 1~ ~t:.HSILNS 2 ftHICH AL Su UCES ~E!GHIEST

ThIS SUHHO~llh~ Is TU HE USEU WIT~ TALPLOT. IT COMPUTES THE
LJt:.N::llfY CÙf(IHlI:ILllUl' OF A fJOLYGGN OF GENSITY "HO AND AUDS THE
(.(lN'~lhl;TIU" lu fMt. SUM . ,
).I-'OL • .lFllL ,.Kt THe. COORoINATES CF T~E VEflTICES OF THE. POLYGON
hVt.MI 15 lHt nU Of VEkTICE5 Il' Il POLYQON .
)1. l~ THE CUCHIJIII.AH.t Al wHICH wc. l'lISH THE SI-' CALCIJLATEO.
'Wl~ lb lhl:. rll'; CF I-'ÙINTS AT whlCH l'lE \JoISH rt<E. SUM CALCULATED
SUM 15 /Ht. Ar.;CU~ULAlt:.U UENSITY CUIITAI~UTION

A KlSI"ICIIUN ISIHAT THE FlkST Tt<REE(3) POINIS OF A POLYNOMIAL
MAY l''<Cl ~1J\Vt l~lE SAl'~ X CauHUINArt. THE FIRST TWO 12J l'AY BE
l"'E SAP.:t:. MI,) 141' It.H THE FIHST VEHTICE AI'<Y NlJMI::lEH "AY
T"~ ~MEr'SIUl'< OF xfJCL.7.POL, MUST ~E 3 GRc.ATEH III. THE MAIN PHOGHAM
lt'!:." . AC1U>lL 1'<0 '-'F VEHT!Ct:.S INVEHTl
l' IMl:I"<~ le -.uuJL (l J • Z"'OL (1) • x III ,211) ,Id (1) ,SUM (11 ,IIFLAG (10 "

III 15 ( 1U1,l'UH 1 1J ù J , Kfll\,G ( 101 , Tt:: ST ri ) ,OSU 111
7PUL(J\Vt:.HT+l)=LPULI21
lPOL("'VEhT+~I=ZPUL(JI

ZPOL (l'IVEIQ'31 =LflliL (4)
XPULII'IVEH1+1l=X~ÜLi21
x~uLl~vEkT+2)=XflULIJl

x~OLII\V~~1+31=XPUL(~1

lJO 30Cl 1=1 ,M' 15
SU=O.
INTE.H= l
tlOur=bl
IIICJU,..=IIVEKT+2
JJ=3
XI\=X III

c
C
C
C

...J:.tJ
c
C
C
C
C
C
C
C
C

~

le
1

l,

1

. ,
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A 9

00495
00/191\"
00497
0049A
0049'1
00500
00501
00502
00S03
005014
00505
0050"
00507
00508
0050'1
DOSlO
00511
00512
00513
00514
OO!:l15
0051"
00511
0051A
00519
00520 •
OU'i21
00S?2
00S23
00524
00525
0052"
OOS27
0052A
'l""?,?
00530
OU531
00~32

00533
00534
00535
0053"
00537
0053~

00539
00540
00541
0054?
U0543
00544
OU545
0054"
00'j47
OO~ 4A
OU54Q
00550
00S51
00552
00553

,00554
00555
00556

r
00

,f.,
J

'Il

21

9b

ll:l
1'+

11

15

c
C
24

Il
12

ua 9 lU=ldo
UJS(I~I=O.

NFLflG 1la) =-1
1F (X x- xP OL 13 1 1Il • 15 • H0
JJ=2
NOlJ~=I\VEKT + 1
n"(AX-XfJUL.(2l 1 Il .14.80

FUf1MI11 11211 I<IElul12 ~fq

JJ=l
~IDU~ .. fI VE ~ r
If' (XI'.-Af-Ol:.ll) 111.17,80
CON r 11\UE
lo~lrf.lll[)UT,lljl

CON 1JI\ul::
.JJ=JJ+l
IF IJJ.I:lT .MllJMI ~u TC 100
iF lu·xpr,LIJJlI11,20,21
..lAC=J ..
If' (),A.r-E.:>.POLlJJo111 GO TO 24
.JJ=JJol • "
(,0 T\1 22
r'l~(ll\rEK)=(I~P~LIJJ)-XXIOZPUL(~ll+(XX-XPOLIJJ-II)OZPèLIJJl1

l/CIX!JCLC.JJ)-XI'ULIJJ-llll c '\.)

INIEI1=lI\T~K+1

[iO lo tio
T"'l~ :ltCTIOr.. l''At'-[)LES INTE.~SECTICN wql1 A VEHICAL
LINt CH INTEH~I:.CTIur- TH~U ONE OF lHE VEHTICES OF THE POLYGON
1~(}YCLC.JJol).L,y.xX) Go.TO 26
IF IJJ.I:>t:.I\LJUM) (:U le 100
1'1::' 111\ 11::111 =(it-'UL (...1...1) oZPOL (...lAC) ) 12.
II\H.H=1I\Tl:.l101
bU tlJ !l0
If'"IJllC.!::4:.JJ) Ge TU Il
Iii SH" Il:HI =Zf't.-l.IJ/lCI
• F L ~ (~:1.... 1~ ~ l =1~q E"
Il, H. fi - 1 l:. H°1
1. 15 1 fi 1E~ll :: LP Cl( ...1 J l,
l'~ LI> (j ( 1,., 11:. H) = 1NJI:.k-l
11\1t:H=1f'.a,k+1
(,\J" 10 11

!lU t'ON r II\UI::> / JJ=JJol
U H IJJ.(,l."'UlJMI GO TO 100

II- p,PLLIJJl-X},IlJO.90,'H
JAC=Jw
11- (XX.I'<E.XPUUJJ+l) 1 GO Ta 94
JJ=JJol
l 0 'lfl ':12
UI5111\1I:. P )=((XX-XPULCJJ)IOZPOLIJJ-1)o(XPOLCJJ-11-XXloZPQLIJJII

11 C.... l'uL (J.J-ll- lI fJCLlJ ..1l 1
It-.l ~_~= II'> Tl:.k+ 1
1'·0 Il) 11 "
Ir C,I(fJl,;L IJJ o ll .Li.X)!, 1 GO TO 96
[11~ ("lh lEf.t1 = (Zl"UL (JJl oZPOL (JAC) )12.
11\1t:. H=11\1E.H+l
HJ lU Il
If- (JflC .EIJ ..JJ 1 Ge lU ijO
IJI5(Il\lEH)=LI-'UL(JACI
~FL~6clI\TEH)=lNTI:.R

lr..rI:.H=I"'TEH o l
UIS((I\IEH)=lI-'OLIJJI
~FLAU(l"'T!:.HI=INTI:.H-l

20
22

9
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'.
"

A-10

INllH"It\TEH+l
GO lù MO
CON 11 [\UE

'.

., ,

1"

00557
OOSSA
00559

'. 00560
0056\
OQ562

.: 00563
00564
00565
00566~.

00567'
"" 0056A

0056Q
00570
0051}
00572
00573
00574
00575
00571,
OU!i77
OO,S'7A
00579
00580
00581
00SM2
00SA3
0.05R4
605~!ï
00')8"
09587
O'OSHA
OQ~H9
lllll-i9n
ouseH
00S9?
OOS'l]
00594
00595

. 00596
00597
0059A
00599
00600
~0l:01
0060? ~

00t03
00604
00(:05
00606
00 6 07
OOf:lOA
00609
OU610
001::11
00612
00613
00614
0,ot15
00616
00617
o061A

.-

~.'
l;,["'fj .

0'• <,

wE ~~~l NDw LOCAl EU ALL TH~ lNTERSECTIONS ~~léH RUN oawN. THE
liOUY Ü 1\ POLYlJCN AI\U NE\IEH "HO'S5 ll'i OH ûUT ,'. . ..... '
T~E 11\IEk~lCTIU" ~ILL NOW'~E ~O~IEO F~O~ SMALLESTXTO.LARGEST
1f\ Tt;.H= 11\ Tl:,rc-l ,., >

l~IS (HA~6lS INl~k SO THAT .IT:NC~.= T~E NO Cf IhTE SEçTIONS
H (I~llt'l.!:.(J,OI GU Ta JOD' ,
IF IHEHE ArcE I\U IhT~H5EcTIONS WE 8YPASS ~HÊ COPUTATION
l'f THe. su 1ST AI\CE
SUHI frcOM S~ALLE5T To LAHGEST
10 Il': IU=I, I ..... TEH
JJlJ"l
KrLAüIIUI=NFL~G(11

~OHI IlU}=1l15111
r,ll 11UJlI=2tlt\TEH
Jfl~UtillJU).Le..[;IS\JUll GO Ta ,110
SUR! IIU)=lJISIJU}
~FLAijll~I,,~FLAGIJUI

JJU=JL
COI'!! 1f\UE
l'r~(JwU)=I.E70

C(jr~ll"UE

~ll!H=u.

Ir (Sul-lll)}22Ul.2202,2202
C:ONIII\UE
IJSu ...=Il •
[ F \ SÙ). l (21 • LT• 0 ) US UH=SOR T 121
~u ~j l " (SC H 1 1II-Il SUH 1
COI.ll[\Ut::
n-.. ~. ~,t AH: /ILl ':Ol<rFU NeIW
H:. Mit. I\UIO GùlNli TU CO~'PUTE THE SI DISTANCE

~'UIU=U

Jt- (IN 1t. .. ~"'lJlIJl ~<:l~.9~ch202

• () 1U=f'lU lu+ 1
l~ l~rL~GI"'lJ]U}1203,203,221

~~=SU'&UPl (~U10'11-SUHTI~OIOI
11-1l\FLAGI/'1UllJ'1}}20·.,204,245
,,0 IIJ=/'lJlf.l+ ! '-
(·U fU 201
r~l~ ~AS ~Uft~A[\lJLlU THE NOHMAL SECTION
1I'(KnlO(il .... uLU}.I\l.KfL.AG(MOlu+lll GO Ta 224,
SU=~LJ' ISI'kl [I~U 11:. 1 1-~mn (folU lUI 1/2.
~IJIU=,.uIlI·l ..

(,U lu 201 ''f .
~l.J=SU.ISI*TIMUlll·31+S0HT(MlJIlJ·21~SO I,.,010+11-S0HT If-lOIUI 1

1/2. ,.
/'U!U=I"UIll+3
(jl) 'ru 201
If II'\.FLAG It-llJID' Il .f\!:..KfLAG 1~IU111 .211 GO Ta 248
~u=SU + 150k T (Hu 10 - 21-SORT 1MU 1D' 11 )12.
~U 1O=/'UlD.2
uO 10 ~03

SlJ=SU' ISotH IMU111'2} -SORT [MU lu' 1} -SORT IMDIO+41-SCHT lMDlO'J} 1/2_
~'U[U""LJlu'~
r;(J ru 203
:;,UM( II=SIll"II} 'Kt-O<lSU Q I00.
n.:~1 (1)=TE5T (Il. ISU'SUHTlo267.

24tl

c
c
c

100
C
C
C
C
C

c

.(~

110

ll~

22ul

( UOt!
c

1 C
i C

~ol

20~

~iJ~

20'+

C
221

U'+

24~

.!

:(.)
, '.

)
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..'

- .!
'. f:~ A 11

" 'II'

f', L
~!'ô

• .~,
(

~ 1
" 1

':f!""
1 .'

.-

~

1 ('
1
1

1 (1
\

00611;1 '{.:
00fl20
00621,
00622
00(;23
OU624
00625
00626'·:"
OU627
QU6Ûl
00629'
00(;30
OU631
00632 ­
00633
00634
Ullt:3S
00636
00637
0063A
,~Ofl39'

':ttU64o
U0641
0064?
00/:43
OU644
00645
OU646
00647
00E:4R
OU649
00650
00 651
00~S2

00fl5:l
OUll~4

00655
00E:51\
00!:l5 7".•.,.\',
006SR ".,
00659
00660
00661
0066?
OU663
00664
ù0665
00fl66
OU667
00668
0066Q
00670
00671
00612
00613
001:14
00675
00676
00677
0061R
00679
00680

(

:!"t.

'.

.~

. -,

"'" ."lQ., .....

C~LL Gf:.LSIHtA,M.N,EPS'lEH,AUXI

OE5ChIFTIU~ CF P~HAMETERS

H -~bY ~ f<IGHT HA~O MATH(X (OESTROYEU)

USAliE;

USU(1)=SU~HHU~100.

CONllf\UI::
kETUH/\
1:./\u

SUlmCUllflot C(;MP
MOl'If' Ill,; JlJLY 24 72 TO OUTPUT I",TEHIJED ~ESUL T5 FOR DEBUGGING

IF l~\orl1b)=l

CÙ~NCN ~XXX.LtEt.SUlLZtOELZ,IOUH

;: fOf1~'A 1 [ 5H e(;H", • 7I:.13~5, 15)
~~=lXXX~~2+lt~Ea~ë

IF (1~ .. (lb) .t:.U.l) "'HlTE (bl, II t::XXX, ZEEE, SCElZ,[)F.LZ,HH,H, ZEE, IUUM
If Clx)lAI?lUt24U,ë!l0

210 IF CLU:.t)22U,230,230
2~0 THE1H=ATAfI,(lltE/!:.XXA)-3.1415921

(,,0 ru 301", .
é30 lHtlh=AIAfIo(ZEtl/EXXXI +3.1415921

(.u lu 301 -v

t?"O If lZHl:.lë!JO,260.-Z70
~~O 1~lr~=-1.~7u7963

bU 1u JO 1
~b(J .n'Eit!=O.

fU,lu ::JOI
21u T~~lb=I.~701963

(,U 1 r) JO 1
l~I:.I~=AIAfIo(iE~l/I:.XXAI

1F ( 1L U,. - 1) 3 U01 ,3 U0 2,3001
r.~tCK=txxall:.l:.1:.-1l:.EoI:.XXX

[r (O't.t:~)~2udlU,320

JIO· Il:.L/=O. ~

r010401 ~.
JèO (,,..t:(iH=I~t1A-1,"EIl:l

11- Il'" t lJ A 132 Olt 3~ 2. 3202
Je 02 11- (L;t·I:(,A-~ • 1415'.i2'( ) 330.330' 34()
3éU 1 11- (U/"t.lJA+3.141!lYt:: 113.40,330 ,3)0
JjO. III Ht r=lJt'~,(;A

ou '" J i IJ
j'oU Ir(~"'l:lJAIJ!lI~3bo,3bU

J~l I)THI:'i=U"'~("A+6.2e31tj5J

I,U 11.) Jill •
.JbO U1Hl:r=U"'I:G~-b.2t31BS3

J'a ~=Cl"tlK/(ltXXA-~XX)QQ2+(ZEEE-LEE)o~2)

r=(I:X~A-I:AXJQUI,"I:.T

. (=O.~U!/~I:~-LI:&IQALOG(HH/H)
lJl:.l./:"<t:[h+C)

~Ul ~utLL=~OtLL+UtLl

3u02 I:XX=E'<X.x
Ll:E= ll:f:.E
.. =f~k
ll"Un=l1"l:lb

f<1: IIJH.
U<jU

SU~hULIIN~ üELSIH'A'M~N,EPS,IEH,AUX)
PUhPOE
. ru ~OLvE A S~STEM OF SlM~lTA"'EOUS LQ~EAR Er.AUATI0NS wlfH

~y,.UHlC CuHICIENTMA1HIX,UPPE.R T~IA"GULAF PAHl OF WHICH
lS ASS~HEO lU !:lE ST~HHHlO COlUPJNWISE. '

C
C
C
C
C
C
C
C
C
C

2l:l0
JUl

JUùl

C
C

300

\

(C •

, '.

~,

l'••
1

,(
1

/
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" A, 12

- .

,.

-..

.~. . ~
,~.:.r

~ .

00681
00682.
00683
006R4
00685
00666
00681
006813
006139
00690

f 00691
00~2·

00693
00694
006915 .....
006Q6
00697
00b9a
00691)
00700
00701'
OÙ~02

00103'
00104
011705
001011
00101
00708
OOIOQ
00110
00711
,OOH2

,.Qo=lI:l
00714
ooNs
0'J71 "
00711'
O.\l!7ïR,
001-lq •
ou120
00721
0072/,
00123

",OU124
'00725

~~~77
OU7
0012
Don
00731
., 0 7,32

n 'ÔO.133
734

00 73 Ci
. 00736

00737
0013A
00739
00740'
OfH41
007.42

.0('"

• D

\

,
.....

.C'

~VIS STOREO CLOLUM WISE Tua.

"",

.<J ~.

'.'

-;.

Q

,
'.

lEk

f'.I
~

EPS

O~ ~ElH~N CONTAI~ES TH~ SCLUTIO~'OF T~E EQUATIONS
-lJI-'PE.~, :r!hJl.NGULAH OF' THE SY"'~IETAIC l' AY M
CCl:.F lCl~NT MATHI X 1[;~STi-lOYEU lU
-IHE NU~BER Of EUUAllONS IN THE SYSTE~

-IHE ~U~~EH OF'HIGHl HAND SIOE VEeTORS.
.AI\ INPuT CONSTANT WI"IeH",lS USEO AS f.rELATIVE TOLE.RANC

fUH TE.ST ON LOSS OF SIGNIFICANeE
- ~lSULTING F.R~pR PAHAI'ETEH CUDEO AS FOLLows

It.H=O 1\0 EHHtll-l .
ItH=-l ~o HESULT ~ECAUSE OF M LEES THAN 1 OR PIVOT
ELI:.,..~t-.T Al ANY ELIMINÙION STEP =0 ,
lEH=~ WAHNING UUE \U POSSI~LE LOSS OF SIGNIGICANC~

1l\OICATEU AT ~LIMINATI0N STEP~+1 WHHEHE PlVOT
I:.LE~tn \jAS LLSS rHA"" UA [UUAL l THE INTERNAL TUl
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APPENDIX B

Data ("P~t.to program TAL15,and output prod~~.YIhe
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